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Summary
Background Prior exposure to adjuvant endocrine therapy (ET) and timing to recurrence are crucial factors for first-
line treatment choices in patients with hormone receptor-positive/HER2-negative (HR+/HER2−) breast cancer (BC)
and in clinical trial eligibility, classifying metastatic HR+/HER2− BC as endocrine sensitive (ES) or primary (1ER)/
secondary (2ER) resistant. However, this classification is largely based on expert opinion and no proper evidence
exists to date to support its possible prognostic and clinical impact.

Methods This analysis included individual patient-level data from 4 adjuvant phase III randomized trials by the
Mammella InterGruppo (MIG) and Gruppo Italiano Mammella (GIM) study groups. The impact of endocrine
resistance/sensitivity classification on overall survival (mOS, defined as time between date of distant relapse and
death) was assessed in both univariate and multivariate Cox proportional hazards models.
*Corresponding author. Medical Oncology Department, U.O.C. Clinica di Oncologia Medica IRCCS Policlinico San Martino Hospital, University of
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Findings Between November 1992 and July 2012, 9058 patients were randomized in 4 trials, of whom 6612 had HR+/
HER2− BC. Median follow-up was 9.1 years (interquartile range [IQR] 5.6–15.0). In the whole cohort, disease-free
survival and OS were 90.4% and 96.6% at 5 years, and 79.1% and 89.4% at 10 years, respectively. The estimated
hazard of recurrence raised constantly during the first 15 years from diagnosis, being more pronounced during
the first 2 years and less pronounced after year 7.
Among the 493 patients with a distant relapse as first disease-free survival event and available date on ET completion, 72
(14.6%), 207 (42.0%) and 214 (43.4%) were classified as having 1ER, 2ER and ES, respectively. Median follow-up from
diagnosis of a distant relapse was 3.8 years (IQR 1.6–7.5). Patients with 1ER were significantly more likely to be
younger, to have N2/N3 nodal status, grade 3 tumours and to develop visceral metastases. Site of first distant relapse
was significantly different between the 3 groups (p = 0.005). In patients with 1ER, 2ER and ES breast cancer, median
mOS was 27.2, 38.4 and 43.2 months, respectively (p = 0.03). As compared to patients with ES disease, a higher risk
of death was observed in those with 1 ER (adjusted Hazard Ratio [aHR] 1.54; 95% CI 1.03–2.30) and 2ER (aHR 1.17;
95% CI 0.87–1.56) (p = 0.11).

Interpretation This large analysis with long-term follow-up provides evidence on the prognostic and clinical impact of
the currently adopted endocrine resistance/sensitivity classification in patients with HR+/HER2− advanced BC. This
classification may be considered a valid tool to guide clinical decision-making and to design future ET trials in the
metastatic setting.

Funding AIRC.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
Patients with hormone receptor-positive/HER2-negative early
breast cancer are characterized by distinctive time-dependent
and site-specific recurrence patterns. According to
international consensus guidelines for advanced disease, prior
exposure to and type of adjuvant endocrine therapy as well as
the timing of relapse are crucial factors to classify hormone
receptor-positive/HER2-negative breast cancer as endocrine
sensitive, primary or secondary resistant. Despite its crucial
role in first-line treatment choices and trial eligibility, the
currently adopted endocrine resistance/sensitivity
classification is largely based on expert opinion.
We searched Medline with no language or date restriction on
September 1, 2022 by using the search terms “breast cancer”,
“endocrine therapy”, “endocrine resistance” and “endocrine
sensitivity”. While prior publications have addressed time-
dependent and site-specific recurrence patterns in patients
with hormone receptor-positive breast cancer with a minority
specifically in those with HER2-negative disease, no studies
have specifically investigated to date the prognostic and
clinical impact of the currently adopted endocrine resistance/
sensitivity classification.

Added value of this study
The present large individual patient-level analysis with long-
term follow-up reports prognosis, timing and pattern of
recurrence among 6612 patients with hormone receptor-

positive/HER2-negative breast cancer enrolled in 4 adjuvant
phase III randomized trials conducted by the Mammella
InterGruppo (MIG) and Gruppo Italiano Mammella (GIM)
study groups.
Overall, patients with hormone receptor-positive/HER2-
negative disease experienced a relatively constant raising of
the estimated hazard of recurrence during the first 15 years
from diagnosis, with bone relapses being the most common
site of distant recurrence.
The currently adopted endocrine resistance/sensitivity
classification showed prognostic and clinical value. Patients
with primary endocrine resistance were relatively younger,
had more often node positive disease and grade 3 tumour,
and developed more frequently visceral relapses and
specifically liver metastases. Moreover, primary endocrine
resistance was associated with the worst prognosis.

Implications of all the available evidence
This analysis provides novel information to counsel breast
cancer patients with hormone receptor-positive/HER2-negative
early breast cancer. Their distinctive time-dependent and site-
specific recurrence patterns needs to be considered in the
survivorship trajectory of these patients. Considering its
prognostic and clinical impact, the currently adopted endocrine
resistance/sensitivity classification may be considered a valid
tool to guide clinical decision-making and to design future
endocrine therapy trials in the metastatic setting.
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Introduction
Endocrine therapy is the cornerstone of treatment for
patients with hormone receptor-positive breast cancer.1,2

In the early setting, adjuvant endocrine therapy signifi-
cantly reduces the risk of relapse and death.3,4 However,
up to 40% of patients will experience loco-regional and/
or distant relapses in the first 20 years from diagnosis.5,6

As compared to other breast cancer subtypes, hormone
receptor-positive disease is characterized by a steady risk
of recurrence over time as well as a specific pattern of
relapse.7–9

In patients developing metastatic disease, first-line
treatment choices are strongly dependent by prior
exposure to and type of adjuvant endocrine therapy as
well as by the timing of relapse.10–12 According to major
international guidelines, based on the duration of the
relapse-free interval, hormone receptor-positive/HER2-
negative breast cancer is classified as endocrine
sensitive, primary or secondary resistant.10–12 Beyond
treatment recommendations, this classification strongly
impacts also on trial design and eligibility criteria.13

Despite its crucial role, the endocrine resistance/
sensitivity classification is largely based on expert
opinion.10 No proper evidence exists to date to support
the possible prognostic and clinical impact of the timing
elapsing between adjuvant endocrine therapy exposure
and diagnosis of metastatic disease. A proper under-
standing of how this interval influences patients’ out-
comes may contribute to better individualize treatment
recommendations and in the design of future trials. To
provide evidence on this important issue, we performed
the present analysis including patients with hormone
receptor-positive/HER2-negative breast cancer enrolled
in 4 adjuvant phase III randomized trials conducted by
the Mammella InterGruppo (MIG) and Gruppo Italiano
Mammella (GIM) study groups.
Methods
Study design and participants
The present analysis included individual patient-level
data of patients with hormone receptor-positive/HER2-
negative breast cancer enrolled in 4 adjuvant phase III
randomized trials conducted by the MIG and GIM study
groups (MIG1, GIM2, GIM3, and GIM4).

Details of the included studies were previously re-
ported. Briefly, the MIG1 study was an open-label,
multicentre phase III randomized trial comparing
standard vs. dose-dense adjuvant anthracycline-based
chemotherapy in high-risk breast cancer patients.14

The GIM2 study was a multicentre, randomized phase
III trial with a 2 × 2 factorial design comparing the
efficacy and safety of adjuvant anthracycline- and
taxane-based chemotherapy with or without the inclu-
sion of fluorouracil administered with a dose-dense
schedule or a standard-interval schedule in node-
positive breast cancer patients.15 In both trials, patients
www.thelancet.com Vol 59 May, 2023
with hormone-receptor-positive tumours received adju-
vant endocrine therapy following cytotoxic treatment
completion.14,15 The GIM3 study was a multicentre,
randomized phase III trial with a 2 × 3 factorial design
comparing the three aromatase inhibitors (letrozole vs.
anastrozole vs. exemestane) and the upfront vs. switch
(after 2 years of tamoxifen) treatment strategy in post-
menopausal women with hormone receptor-positive
early breast cancer.16 The GIM4 study was a multi-
centre, open-label, randomized, phase III trial
comparing extended adjuvant endocrine therapy with
letrozole for an additional 5 years vs. 2–3 years in
postmenopausal breast cancer patients previously
exposed to 3-2 years of tamoxifen.17

For the purpose of this analysis, the endocrine
resistance/sensitivity classification according to inter-
national consensus guidelines for advanced breast can-
cer was used,10 focusing only on the early setting. Thus,
primary endocrine resistance was defined as a relapse
while on the first 2 years of adjuvant endocrine therapy,
secondary endocrine resistance as a relapse while on
adjuvant endocrine therapy but after the first 2 years or a
relapse within 12 months of completing adjuvant
endocrine therapy, and endocrine sensitivity as a relapse
after at least 12 months from adjuvant endocrine ther-
apy completion or a relapse in the context of no prior
exposure to adjuvant endocrine therapy.

All the trials were approved by the Independent Re-
view Boards of all participating centers and all included
patients provided written informed consent before study
entry. The GIM and MIG Steering Committees
approved the present analysis before its conduction.
Written informed consent was obtained from all pa-
tients before study entry.

Outcomes
In the overall cohort of patients with hormone receptor-
positive/HER2-negative disease included in the 4 trials,
survival outcomes as well as timing and pattern of
recurrence over time were assessed.

Then, by including only patients who developed a
distant relapse as first recurrence and with known date of
adjuvant endocrine therapy completion, a comparison
between survival outcomes of the three cohorts of interest
(primary endocrine resistant vs. secondary endocrine
resistant vs. endocrine sensitive) was performed. Several
preplanned subgroup analyses were conducted to
compare survival outcomes in the three cohorts according
to patients’ age at metastatic disease (≤50 years, 51–64
years or ≥65 years), menopausal status at diagnosis (pre-
menopausal or postmenopausal), nodal status (positive
[1–3 or ≥4] or negative), tumour size (≤2 cm or >2 cm),
estrogen receptor (ER) and progesterone receptor (PgR)
status (ER+/PgR+, ER+/PgR− or ER−/PgR+), prior local
therapy (breast conserving surgery or mastectomy), his-
tologic type (ductal, lobular or others), baseline body mass
index (BMI) (<25, 25–29.9 or ≥30), prior exposure to and
3
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type of chemotherapy (no chemotherapy, anthracycline-
only, taxane-based or others), prior exposure to and type
of endocrine therapy (no endocrine therapy, aromatase
inhibitors, tamoxifen or tamoxifen followed by aromatase
inhibitors), type of metastatic presentation (non-visceral or
visceral) and metastatic site (brain, liver, lung, bone, or
other). For patients who developed distant relapses in
more than one site, the site of distant metastasis was
defined by prespecified importance in the following order:
brain, liver, lung, bone and others.

Statistical analyses
For the entire cohort of patients with hormone receptor-
positive/HER2-negative breast cancer, descriptive ana-
lyses were used to report baseline clinicopathological
characteristics and the pattern of recurrence. According
to STEEP criteria version 2.0,18 disease-free survival (DFS)
was computed as the time from early breast cancer
diagnosis to the occurrence of one of the following
events, whichever occurred first: local recurrence, distant
metastasis, contralateral or ipsilateral breast tumour,
second primary malignancy, death from any cause.
Overall survival (OS) was computed from the date of
breast cancer diagnosis to the date of death from any
cause. Patients without the event of interest were
censored at the last follow up visit. The Kaplan Meier
method was used to estimate DFS and OS probabilities.
To assess the risk of relapse over time, annual recurrence
rate (computed as the percentage of patients experiencing
a disease recurrence between X and X+1 years after
diagnosis among patients alive and without event X years
after diagnosis) and the Epanechnikov Kernel-Smoothed
annual hazards of recurrence were calculated.

Within the group of patients experiencing a distant
event as first recurrence and with known date of adju-
vant endocrine therapy completion, clinico-pathological
characteristics, pattern of relapse and clinical out-
comes were compared between the primary endocrine
resistant, secondary endocrine resistant and endocrine
sensitive cohorts. For the purpose of this analysis, OS
was defined as the time between the date of distant
relapse and death from any cause (mOS). Categorical
variables were summarised with proportions and dif-
ferences tested using chi-square test; continuous vari-
ables were reported using medians and inter-quartile
ranges and differences tested using Wilcoxon rank-sum
test or Kruskal–Wallis tests. Before applying non-
parametric methods, distributional assumptions were
assessed using the Kolmogorov–Smirnov test. Survival
probabilities for mOS according to the endocrine
resistance/sensitivity definition were estimated using
the Kaplan Meier method and the log-rank test was used
for comparison. A log-rank trend test was used to assess
whether survival increases across the three cohorts.
Pairwise comparison of the endocrine resistance/
sensitivity classification was made using Scheffé’s
multiple-comparison adjustment. The impact of the
endocrine resistance/sensitivity definition on mOS was
assessed in both univariate and multivariate Cox pro-
portional hazards models. The endocrine resistance/
sensitivity classification was used in different Cox
models as both a continuous variable (for the trend test)
and as categorical variable. The proportional hazards
assumption was checked assessing the Schoenfeld plot.
In the multivariate model, adjustment was made for
known or potential prognostic factors in metastatic
breast cancer associated with mOS at a conservative
20% level in univariate analysis. Explored potential
prognostic factors were age at metastasis, type of
administered adjuvant endocrine treatment, visceral
involvement and year of metastatic diagnosis. To ac-
count for the potential different treatments available in
the metastatic setting, the cutoff date of 31st December
2002 (i.e., when aromatase inhibitors became available
in Italy for treatment of metastatic breast cancer) was
used to categorize year of metastatic diagnosis. Uni-
variate and multivariate analyses were conducted after
single imputation of missing values on covariates with
missing values in less than 15% of the patients (i.e.,
nodal status, menopausal status, BMI, type of locore-
gional treatment, histological subtype, tumour size,
grading, hormone receptor status, type of chemo-
therapy, site of metastatic presentation). No covariates
with missing values in more than 15% were present.
Single imputation was performed assuming monotone
missing patterns and using the logistic regression
method. A sensitivity analysis was performed on com-
plete case analysis. An exploratory analysis was con-
ducted among patients that relapsed after receiving
extended endocrine treatment (defined as duration of
endocrine treatment more than 65 months). To account
for clustering, all analyses were stratified by trial.

Statistical analyses were performed using SAS soft-
ware v. 9.4. Statistical analyses were two-sided; p values of
≤0.05 were considered statistically significant. The trials
were registered with ClinicalTrials.gov, NCT00433420
(GIM2), NCT00541086 (GIM3), NCT01064635 (GIM4).

Role of the funding source
This analysis was supported by the Italian Association
for Cancer Research (“Associazione Italiana per la
Ricerca sul Cancro”, AIRC; MFAG 2020 ID 24698). The
funder of the study had no role in study design, data
collection, analysis, interpretation, or writing of the
report, and they had no access to the data.

ML, EB, LB and LDM had full access to the data and
had final responsibility for the decision to submit for
publication.
Results
Between November 1992 and July 2012, 9058 patients
were randomized in the 4 included trials, of whom 6612
had hormone receptor-positive/HER2-negative breast
www.thelancet.com Vol 59 May, 2023
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Fig. 1: Trial profile. HR, hormone receptor; HR−, hormone receptor-negative; HR+, hormone receptor-positive; HER2+, HER2-positive; HER2−,
HER2-negative; ET, endocrine therapy; DFS, disease-free survival; OS, overall survival computed from the date of breast cancer diagnosis to the
date of death from any cause; mOS, OS computed from the date of distant relapse to the date of death from any cause.
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cancer and were included in the present analysis
(Fig. 1). Median age of the patients was 60 years
(Appendix pp2–3). A total of 3677 (55.6%) patients
received chemotherapy, of whom 1968 (53.5%) under-
went an anthracycline- and taxane-based regimen. The
majority of patients (6468, 97.8%) received adjuvant
endocrine therapy; among them, 895 (13.8%), 1919
(29.7%) and 3654 (56.5%) received tamoxifen, aroma-
tase inhibitors or tamoxifen followed by an aromatase
inhibitor, respectively (Appendix pp2–3).

In the whole cohort, median follow-up from breast
cancer diagnosis was 9.1 years (IQR 5.6–15.0) (Appendix
Fig. 2: Time-course changes of annual recurrence rates among patie
cancer (A). Epanechnikov Kernel-Smoothed annual hazards of recu
receptor-positive/HER2-negative early breast cancer (B).

www.thelancet.com Vol 59 May, 2023
pp4). A total of 1450 DFS and 776 OS events were re-
ported. In terms of type of first DFS event, 638 (9.7%)
patients developed a distant recurrence (Appendix pp5).
Among patients with a first distant relapse, bone
(38.9%) was the most common metastatic site
(Appendix pp6). DFS and OS estimates were 90.4%
(89.6–91.1) and 96.6% (96.1–97.0) at 5 years, 79.1%
(77.9-80.3) and 89.4% (88.5-90.3) at 10 years, respec-
tively (Appendix pp12). The annual recurrence rate was
relatively constant at 3% over time (Fig. 2A). The esti-
mated hazard of recurrence for DFS raised constantly
during the first 15 years from diagnosis, with a slope of
nts with hormone receptor-positive/HER2-negative early breast
rrence for disease-free survival among patients with hormone

5
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the curve more pronounced during the first 2 years from
diagnosis and less pronounced after year 7 (Fig. 2B).
While the estimate hazard of recurrence for distant DFS
was slightly lower compared to the DFS estimate, the
time variation was similar (Appendix p14).

Out of 638 patients with distant recurrence as first
DFS event, 145 were excluded due to missing infor-
mation on the date of endocrine treatment completion.
Clinicopathological characteristics of excluded and
included patients are reported in the Appendix (pp7–8).
Median mOS (computed from the date of distant relapse
to death) was 3.9 years (IQR 1.7–8.4) for the 145
excluded patients and 3.2 years (IQR 1.5–6.0) for the 493
included patients (stratified log-rank p = 0.07).

Among the 493 patients with a distant relapse as first
DFS event and available data on adjuvant endocrine
therapy completion, 72 (14.6%), 207 (42.0%) and 214
(43.4%) were classified in the primary endocrine resis-
tant, secondary endocrine resistant and endocrine sen-
sitive cohorts, respectively (Fig. 1). The distribution of
adjuvant endocrine therapy duration before relapse in
the three cohorts is reported in the Appendix p15. As
compared to patients in the secondary endocrine resis-
tant and endocrine sensitive cohorts, those in the pri-
mary endocrine resistant cohort were significantly more
likely to be relatively younger (median age at metastatic
diagnosis 61 vs. 62 vs. 65 years, p = 0.008), to have N2/
N3 nodal status (59.7% vs. 42.0% vs. 39.3%, p = 0.042),
grade 3 tumour (55.6% vs. 35.3% vs. 33.6%, p = 0.011),
higher BMI (median BMI 27.8 vs. 26.6 vs. 25.7,
p = 0.006), and to receive prior anthracycline- and
taxane-based (neo) adjuvant chemotherapy (62.5% vs.
50.7% vs. 43.0%, p = 0.002; Table 1). Type and site of
first distant relapse was significantly different between
the 3 groups: a higher incidence of visceral relapse and
specifically liver metastases were described in the pri-
mary endocrine resistant cohort and of non-visceral
relapse and specifically bone metastases in the endo-
crine sensitive cohort (p = 0.005) (Table 1). Clinico-
pathological characteristics of patients experiencing a
distant DFS event as first recurrence according to trial
are presented in the Appendix (pp9–10).

Median follow-up from the occurrence of distant
relapse was 3.8 years (IQR 1.6–7.5) (Appendix pp4). In
patients within the primary endocrine resistant, sec-
ondary endocrine resistant and endocrine sensitive co-
horts, median mOS was 27.2 (IQR 14.9–50.1), 38.4 (IQR
16.3–66.9) and 43.2 (IQR 20.4–81.8) months, respec-
tively (stratified log rank p = 0.03) (Fig. 3). Results from
the log-rank trend test demonstrated a statistically sig-
nificant trend (stratified log-rank ptrend = 0.006). Results
of the pairwise comparison indicated a statistically
significant survival difference for the comparison of
primary endocrine resistant vs. endocrine sensitive (log-
rank adjusted p = 0.05), while no difference was
observed in the other two comparisons (primary endo-
crine resistant vs. secondary endocrine resistant
adjusted log-rank p = 0.79; secondary endocrine resis-
tant vs. endocrine sensitive adjusted log-rank p = 0.49).
The Cox model confirmed a linear trend for the increase
in survival across the three groups. In univariate ana-
lyses, as compared to patients in the endocrine sensitive
cohort, a significantly higher risk of death was observed
in those in the primary endocrine resistant (HR 1.64;
95% CI 1.11–2.44) and secondary endocrine resistant
(HR 1.24; 95% CI 0.93–1.66) cohorts (p = 0.05). In the
multivariate model, the impact of the endocrine resis-
tance/sensitivity classification was slightly reduced
(adjusted HR 1.54; 95% CI 1.03–2.30 for primary
endocrine resistant and adjusted HR 1.17; 95% CI
0.87–1.56 for secondary endocrine resistant as
compared to the endocrine sensitive cohort, p = 0.11)
(Appendix pp 11).

Subgroup analyses of mOS are reported in Table 2.
The prognostic impact of the endocrine resistance/
sensitivity classification was consistently observed in all
the analysed subgroups.

In the sensitivity analysis including only complete
cases (n = 373), similar results were observed: adjusted
HR 1.48; 95% CI 0.94–2.35 for primary endocrine
resistant and adjusted HR 1.19; 95% CI 0.86–1.65 for
secondary endocrine resistant as compared to the
endocrine sensitive cohort (p = 0.24).

Among the 207 and 214 patients classified as sec-
ondary endocrine resistant and endocrine sensitive
respectively, 17 (8.2%) and 35 (16.4%) were treated with
extended adjuvant endocrine therapy. No statistically
significant difference in mOS was observed among pa-
tients that received standard or extended endocrine
therapy duration (Appendix pp 12).
Discussion
This large individual patient-level analysis with long-
term follow-up reports prognosis, timing and pattern
of recurrence among 6612 patients with hormone re-
ceptor-positive/HER2-negative disease included in 4
adjuvant phase III randomized trials. Overall, patients
with hormone receptor-positive/HER2-negative disease
were characterized by a relatively constant raising in the
risk of recurrence over time, being more pronounced in
the first 2 years and less pronounced after year 7, with a
tendency for higher likelihood of non-visceral and spe-
cifically bone relapses. The currently adopted endocrine
resistance/sensitivity classification according to inter-
national consensus guidelines for advanced breast can-
cer showed to have prognostic and clinical impact.
Patients with primary endocrine resistance tended to
be relatively younger, to have more often node positive
disease and grade 3 tumour, and to develop more
frequently visceral relapses and specifically liver metas-
tases. Primary endocrine resistance was associated with
the worst survival outcomes irrespective of patient,
tumour, treatment characteristics or type of metastatic
www.thelancet.com Vol 59 May, 2023
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Primary endocrine
resistant cohort (n = 72)

Secondary endocrine
resistant cohort (n = 207)

Endocrine sensitive
cohort (n = 214)

p

Median age at metastasis, years (range) 61 (33–81) 62 (39–87) 65 (34–89) 0.008

Age 0.053

≤50 8 (11.1%) 25 (12.1%) 22 (10.3%)

51–64 35 (48.6%) 95 (45.9%) 74 (34.6%)

≥65 29 (40.3%) 87 (42.0%) 118 (55.1%)

Menopausal status 0.106

Premenopausal 6 (8.3%) 31 (15.0%) 40 (18.7%)

Postmenopausal 66 (91.7%) 176 (85.0%) 174 (81.3%)

Type of surgery 0.087

Breast conserving surgery 35 (48.6%) 128 (61.8%) 115 (53.7%)

Mastectomy 37 (51.4%) 79 (38.2%) 99 (46.3%)

Histologic type 0.790

Ductal 50 (69.4%) 158 (76.3%) 162 (75.7%)

Lobular 18 (25.0%) 38 (18.4%) 40 (18.7%)

Other 4 (5.6%) 11 (5.3%) 12 (5.6%)

Tumor size (T) 0.361

pT1 26 (36.1%) 93 (44.9%) 97 (45.3%)

pT2/3/4 46 (63.9%) 114 (55.1%) 117 (54.7%)

Nodal status (N) 0.042

N0 11 (15.3%) 37 (17.9%) 43 (20.1%)

N1 18 (25.0%) 83 (40.1%) 87 (40.7%)

N2/3 43 (59.7%) 87 (42.0%) 84 (39.3%)

Tumor grading (G) 0.011

G1 4 (5.6%) 8 (3.9%) 11 (5.1%)

G2 28 (38.9%) 126 (60.9%) 131 (61.2%)

G3 40 (55.6%) 73 (35.3%) 72 (33.6%)

Hormone receptor status 0.146

ER+/PgR+ 67 (93.1%) 193 (93.2%) 197 (92.1%)

ER+/PgR− 5 (6.9%) 14 (6.8%) 12 (5.6%)

ER−/PgR+ 0 (0.0%) 0 (0.0%) 5 (2.3%)

Treatment received 0.149

Standard 46 (63.9%) 105 (50.7%) 113 (52.8%)

Experimental 26 (36.1%) 102 (49.3%) 101 (47.2%)

Average BMI (range) 27.8 (19.5–48.5) 26.6 (16.9–45.3) 25.7 (14.8–41.5) 0.006

BMI 0.055

<25 23 (31.9%) 74 (35.8%) 93 (43.5%)

25–29.9 21 (29.2%) 78 (37.7%) 73 (34.1%)

≥30 28 (38.9%) 55 (26.6%) 48 (22.4%)

Previous (neo) adjuvant chemotherapy and type 0.002

No chemotherapy 15 (20.8%) 34 (16.4%) 28 (13.1%)

Anthracycline-based 10 (13.9%) 58 (28.0%) 87 (40.7%)

Anthracycline- and taxane-based 45 (62.5%) 105 (50.7%) 92 (43.0%)

Taxane-based 2 (2.8%) 8 (3.9%) 3 (1.4%)

Other 0 (0.0%) 2 (1.0%) 4 (1.9%)

Adjuvant endocrine therapy NA

None 0 (0.0%) 0 (0.0%) 27 (12.6%)

Tamoxifen only 14 (19.4%) 41 (19.8%) 37 (17.3%)

Aromatase inhibitors 25 (34.7%) 57 (27.5%) 18 (8.4%)

Tamoxifen → aromatase inhibitors 33 (45.8%) 109 (52.6%) 132 (61.7%)

Duration of endocrine therapy (months, range) 15.1 (0.1–24.0) 42.9 (2.0–97.6) 60.4 (0.0–100.5) NA

Type of metastatic presentation 0.005

Non visceral 26 (36.1%) 99 (47.8%) 123 (57.5%)

Visceral 46 (63.9%) 108 (52.2%) 91 (42.5%)

(Table 1 continues on next page)
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Primary endocrine
resistant cohort (n = 72)

Secondary endocrine
resistant cohort (n = 207)

Endocrine sensitive
cohort (n = 214)

p

(Continued from previous page)

Metastatic site 0.003

Brain 6 (8.3%) 14 (6.8%) 8 (3.7%)

Liver 33 (45.8%) 65 (31.4%) 47 (22.0%)

Lung 7 (9.7%) 29 (14.0%) 36 (16.8%)

Bone 25 (34.7%) 81 (39.1%) 100 (46.7%)

Other 1 (1.4%) 18 (8.7%) 23 (10.8%)

Study NA

MIG1 6 (8.3) 17 (8.2) 45 (21.0)

GIM2 18 (25.0) 51 (24.6) 54 (25.2)

GIM3 47 (65.3) 99 (47.8) 32 (15.0)

GIM4 1 (1.4)a 40 (19.3) 83 (38.8)

Year of diagnosis of metastatic diseaseb 0.281

<2003 6 (8.3) 17 (8.2) 27 (12.6)

≥2003 66 (91.7) 190 (91.8) 187 (87.4)

Data are n (%). ER, estrogen receptor; PgR, progesterone receptor; BMI, body mass index; NA, not applicable. aThis patient was not eligible to the trial and she did not receive study treatment. bBased on
the availability of aromatase inhibitors in Italy.

Table 1: Clinicopathological characteristics of patients experiencing a distant disease-free survival event as first recurrence and with available data on adjuvant endocrine therapy
completion.
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presentation. Differences became smaller between the
secondary endocrine resistant and endocrine sensitive
cohorts. Therefore, this classification may be considered
a valid tool to guide clinical decision-making and to
design future endocrine therapy trials in the metastatic
setting.

Hormone receptor expression is considered a posi-
tive prognostic factor in breast cancer and a predictive
marker of response to endocrine therapy.1,2 In
Fig. 3: Overall survival computed from the date of distant relapse an
secondary endocrine resistant cohorts. 1ER, primary endocrine resistan
interpreting the survival outcomes observed in the pre-
sent analysis, it should be considered that most of the
included trials were restricted to patients with high-risk
features (31.9%, 49.8% and 23.2% of patients had ≥ T2
size, node-positive status and grade 3 tumour, respec-
tively). Moreover, not all the administered treatments in
these trials correspond to current practice. Among pa-
tients receiving chemotherapy, 19.9% underwent
anthracycline only-based regimens. A total of 33.6% of
d death from any cause between endocrine sensitive, primary or
t; 2ER, secondary endocrine resistant; ES, endocrine sensitive.
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Primary endocrine resistant vs.
endocrine sensitive HR (95% CI)

Secondary endocrine resistant vs.
endocrine sensitive HR (95% CI)

p for interaction

Age, years 0.130

≤50 1.77 (0.71–4.47) 1.13 (0.56–2.29)

51–64 1.93 (1.12–3.31) 0.97 (0.62–1.51)

≥65 1.29 (0.70–2.37) 1.66 (1.10–2.50)

Menopausal status 0.865

Premenopausal 2.06 (0.76–5.58) 1.35 (0.74–2.47)

Postmenopausal 1.55 (1.01–2.36) 1.22 (0.88–1.68)

Type of surgery 0.851

Breast conserving surgery 1.70 (0.99–2.91) 1.20 (0.82–1.74)

Mastectomy 1.58 (0.94–2.64) 1.34 (0.88–2.03)

Histologic type 0.956

Ductal 1.56 (0.98–2.48) 1.23 (0.89–1.70)

Lobular 1.92 (0.91–4.05) 1.45 (0.74–2.82)

Other 1.39 (0.32–5.96) 0.80 (0.19–3.40)

Tumor size (T) 0.692

pT1 1.55 (0.86–2.78) 1.10 (0.71–1.68)

pT2/3/4 1.75 (1.07–2.84) 1.39 (0.96–2.01)

Nodal status (N) 0.748

N0 2.61 (1.00–6.81) 1.33 (0.64–2.80)

N1 1.54 (0.76–3.11) 1.35 (0.89–2.06)

N2/3 1.39 (0.84–2.30) 1.08 (0.71–1.64)

Tumor grading (G) 0.444

G1 1.23 (0.24–6.34) 0.63 (0.17–2.28)

G2 1.20 (0.68–2.13) 1.21 (0.85–1.73)

G3 2.22 (1.29–3.83) 1.42 (0.88–2.27)

Hormone receptor status 0.416

ER+/PgR+ 1.53 (1.02–2.32) 1.21 (0.89–1.65)

ER+/PgR− 3.24 (0.96–10.97) 1.13 (0.45–2.87)

ER−/PgR+ 1.53 (1.02–2.32) 1.21 (0.89–1.65)

Treatment received 0.532

Standard 1.44 (0.89–2.32) 1.28 (0.88–1.87)

Experimental 2.04 (1.11–3.75) 1.21 (0.80–1.83)

BMI 0.459

<25 1.50 (0.81–2.78) 1.06 (0.68–1.66)

25–29.9 2.51 (1.35–4.64) 1.50 (0.94–2.37)

≥30 1.16 (0.59–2.30) 1.16 (0.66–2.02)

Previous (neo) adjuvant chemotherapy and type 0.113

No chemotherapy 2.73 (0.97–7.73) 2.29 (0.93–5.61)

Anthracycline based 3.41 (1.62–7.15) 1.18 (0.72–1.95)

Anthracycline and taxane based 1.30 (0.79–2.14) 1.11 (0.75–1.64)

Taxane based 0.13 (0.01–2.90) 0.24 (0.04–1.29)

Other 2.73 (0.97–7.73) 0.97 (0.16–5.92)

Adjuvant endocrine therapy 0.776

None 2.15 (1.00–4.62) 1.39 (0.77–2.49)

Tamoxifen only 2.15 (1.00–4.62) 1.39 (0.77–2.49)

Aromatase inhibitors 2.32 (0.84–6.42) 1.37 (0.50–3.73)

Tamoxifen → aromatase inhibitors 1.32 (0.73–2.36) 1.24 (0.84–1.82)

Type of metastatic presentation 0.209

Non visceral 1.88 (1.05–3.35) 1.50 (0.99–2.27)

Visceral 1.28 (0.77–2.11) 0.93 (0.64–1.37)

Metastatic site 0.235

Brain 1.59 (0.46–5.53) 0.93 (0.32–2.68)

Liver 0.91 (0.49–1.69) 0.71 (0.43–1.16)

(Table 2 continues on next page)
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Primary endocrine resistant vs.
endocrine sensitive HR (95% CI)

Secondary endocrine resistant vs.
endocrine sensitive HR (95% CI)

p for interaction

(Continued from previous page)

Lung 1.41 (0.49–4.08) 0.93 (0.45–1.94)

Bone 1.87 (1.03–3.40) 1.43 (0.91–2.24)

Other –a 1.89 (0.69–5.23)

Data are n (%). ER, estrogen receptor; PgR, progesterone receptor; BMI, body mass index. aNot evaluable as only one patient in the primary endocrine resistant group had “other” metastatic site.

Table 2: Subgroup analysis of overall survival comparing the primary or secondary endocrine resistant cohorts with the endocrine sensitive cohort (ref).
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premenopausal women received ovarian function sup-
pression as part of adjuvant endocrine therapy. Despite
the relatively high-risk population, only 16.4% patients
received more than 5 years of adjuvant endocrine ther-
apy. Notably, many patients included in the present
analysis would be currently eligible to receive adjuvant
abemaciclib.19 Nevertheless, with this caveat in mind,
outcomes can be considered relatively favorable.

Among breast cancer subtypes, hormone receptor-
positive disease is characterized by a distinctive clin-
ical behavior in terms of time-dependent and site-
specific recurrence patterns consisting in a steady risk
of recurrence over time that persist at long-term,20,21 and
a tendency for higher likelihood of bone involvement.7,8

This clinical behavior is confirmed by the current anal-
ysis focusing specifically on patients with hormone
receptor-positive disease and known HER2-negative
status. These findings further highlight the crucial
role of long-term follow-up in the (neo)adjuvant trials
including patients with hormone receptor-positive/
HER2-negative breast cancer, particularly in those
investigating endocrine therapy-based treatments. The
major drop in survival outcomes observed between year
5 and 10 should be considered in the context of a low
percentage of patients receiving extended adjuvant
endocrine therapy, a treatment that is currently known
to provide benefit in such a relatively high-risk popula-
tion.22 Finally, these results may have potential impli-
cations in the survivorship trajectory of patients with
hormone receptor-positive/HER2-negative breast can-
cer.23 While there is no apparent benefit of intensive
follow-up strategies particularly in the case of luminal-
like disease,24,25 the present findings should be consid-
ered in the design of trials investigating personalized
surveillance plans in this specific population.

The time elapsing between adjuvant endocrine
therapy completion and relapse is currently considered
the key factor for the expert opinion-based endocrine
resistance/sensitivity classification currently adopted by
international consensus guidelines.10–12 This concept has
been clearly shown in the recent studies investigating
endocrine therapy plus CDK4/6 inhibition in which this
classification was used as key eligibility criteria and/or
stratification factor.26–28 The present analysis demon-
strates that this definition has a clinical and prognostic
value. Several biological features have been elucidated
over the past years as mechanisms of endocrine therapy
resistance.29 The present analysis shows that also some
clinico-pathological features may be associated to
endocrine resistance or sensitivity as currently defined.
Specifically, relatively younger age, node-positive disease
and grade 3 tumour were factors more commonly
observed in patients with endocrine resistance disease.
Being known prognostic factors in early hormone re-
ceptor-positive/HER2-negative breast cancer,30,31 endo-
crine resistance according to the current definition
could represent also a proxy for higher risk of disease
recurrence. The larger number of patients with endo-
crine resistance disease that received anthracycline- and
taxane-based (neo) adjuvant chemotherapy may also be
an indirect consequence of their higher risk of recur-
rence. Interestingly, patients with endocrine resistance
disease had also higher BMI with 38.9% of those in the
primary endocrine resistance cohort that were obese.
These findings are in line with a potential impact of
BMI on the efficacy of endocrine therapy.32

Patients with endocrine resistant or endocrine sen-
sitive disease are also characterized by different site-
specific recurrence patterns with visceral relapses and
specifically liver metastases more commonly observed
in patients within the primary endocrine resistance
cohort. Organ-specific signatures of relapse in breast
cancer have been previously identified33–36; however, the
mechanisms behind site specificity in patients with
hormone receptor-positive/HER2-negative disease and
at what extent they are influenced by the timing to
relapse need to be further investigated. Based on the
present findings, primary endocrine resistance may be
considered a marker of increased risk of recurrence and
not per se of lack of sensitivity to endocrine therapy;
hence, as suggested by guidelines also taking into ac-
count the current effective targeted therapies available in
patients with luminal-like advanced breast cancer,
chemotherapy is not the preferred first-line choice in
this setting unless in the situation of visceral crisis.10–12

Importantly, the currently adopted endocrine resis-
tance/sensitivity classification has prognostic value with
median mOS ranging from 27.2 months to 43.2 months
between the primary endocrine resistant and endocrine
sensitive cohorts. Our analysis for trend showing that
mOS appears to improve with an increase in the time
elapsing between adjuvant endocrine therapy
www.thelancet.com Vol 59 May, 2023
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completion and relapse may support the expert opinion-
based hypothesis that endocrine resistance is a contin-
uum.10 The prognostic impact of such classification was
consistently observed in the multivariable analysis and
irrespective of patient, tumour, adjuvant treatment
characteristics or type of metastatic presentation.
Hence, besides clinical differences at the time of relapse
between the three cohorts, endocrine resistance (both
primary and, at a lower extent, also secondary) remains
an independent poor prognostic factor. Considering the
different prognosis and the known risk of attrition bias
in the advanced setting,37,38 particular attention should
be paid to patients with endocrine resistant disease in
the choice of the optimal first-line treatment and in the
proper sequencing of subsequent lines.

Among study limitations, it should be acknowledged
that this analysis was not preplanned in the protocols of
the original trials and the power of the performed sta-
tistical analyses was not prespecified. Out of 6612 pa-
tients randomized in the four included trials, for the
present analysis testing the value of the prognostic and
clinical impact of the endocrine resistance/sensitivity
classification, only 493 were eligible of whom 72 in the
primary endocrine resistant cohort. Moreover, some
adjuvant treatments that were administered do not fully
represent the standard clinical practice. Particularly,
despite the high-risk population, the unavailability of
adjuvant abemaciclib, the low percentage of patients
receiving extended adjuvant endocrine therapy and the
low uptake of ovarian function suppression among
premenopausal women might impact the results. In
addition, the heterogeneity between trial population
might have affected the timing of the distant relapse and
thus the probability of being classified as having primary
endocrine resistant, secondary endocrine resistant or
endocrine sensitive disease. Hormone receptor and
HER2 status were assessed by local laboratories;
genomic tests were not available. Finally, no informa-
tion on the treatments administered in the advanced
setting was collected in the trials.

Nevertheless, major strengths of this analysis are
that the included population derives from 4 large phase
III adjuvant studies and that patients were followed over
a long period of time according to trial criteria.

In conclusion, the present large analysis of 4
adjuvant phase III randomized trials with long-term
follow-up showed that patients with hormone receptor-
positive/HER2-negative disease are characterized by a
distinctive clinical behavior in terms of time-dependent
and site-specific recurrence patterns. Moreover, this
analysis provides evidence that the currently adopted
endocrine resistance/sensitivity classification according
to international consensus guidelines for advanced
breast cancer has prognostic and clinical impact sup-
porting its use in guiding clinical decision-making and
in the design of future endocrine therapy trials in the
metastatic setting.
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