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Summary
Background This study aims to evaluate whether changes in therapeutic strategies have improved survival of patients
diagnosed with hormone receptor positive (HR+), HER2 negative (HER2−) advanced breast cancer (ABC) in
real-world.

Methods All 1950 patients systemically treated for HR+/HER2− ABC and diagnosed between 2008 and 2019 in eight
hospitals were retrieved from the SONABRE Registry (NCT-03577197). Patients were categorized per three-year
cohorts based on year of ABC diagnosis. Tests for trend were used to examine differences in baseline
characteristics, Kaplan–Meier methods and Cox proportional hazards for survival analyses, and competing-risk
methods for 3-year use of systemic therapy.

Findings Over time, patients were older (≥70 years, 37%, n = 169/456 in 2008–2010, 47%, n = 233/493 in 2017–2019,
p = 0.004) and more often had multiple metastatic sites at ABC diagnosis (48%, n = 220/456 in 2008–2010, 56%,
n = 275/493 in 2017–2019, p = 0.002). Among patients with metachronous metastases the prior exposure to (neo-)
adjuvant therapies increased over time (chemotherapy, 38%, n = 138/362 in 2008–2010, 48%, n = 181/376 in
2017–2019, p = <0.001; endocrine therapy, 64%, n = 231/362 in 2008–2010, 72%, n = 271/376 in 2017–2019,
p = <0.001). Overall survival significantly improved from median 31.1 months (95% CI:28.2–34.3) for patients
diagnosed in 2008–2010 to 38.4 months (95% CI:34.0–41.1) in 2017–2019 (adjusted hazard ratio = 0.76, 95%
CI:0.64–0.90; p = 0.001). Three-year use of CDK4/6 inhibitors increased from 0% for patients diagnosed in
2008–2010 to 54% for diagnosis in 2017–2019. Conversely, three-year use of chemotherapy was 50% versus 36%,
respectively.

Interpretation Over time, patients diagnosed with HR+/HER2− ABC presented with less favourable patient charac-
teristics. Nevertheless, we observed that overall survival of ABC increased between 2008 and 2019, with increased use
of endocrine/targeted therapies.
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Research in context

Evidence before this study
The treatment landscape of HR+/HER2− advanced breast
cancer is changing. New available therapies include amongst
others mTOR inhibitors and CDK4/6 inhibitors. Phase 3
clinical trials on CDK4/6 inhibitors have all proved
progression-free survival benefit. The overall survival data
show a positive trend but with mixed results in terms of
statistical significance. There is no current data on the overall
survival of the total HR+/HER2− population since the
implementation of CDK4/6 inhibitors. Until 2016 overall
survival results in population-based studies showed a
constant survival rate.

Added value of this study
This is the first population-based cohort study that reveals an
improvement in overall survival for the HR+/HER2− ABC
population in recent years. Interestingly, this study also
reveals that patients and tumour characteristics at time of
advanced breast cancer diagnosis have become more
unfavourable.

Implications of all the available evidence
Changed treatment patterns now do result in an overall
survival improvement in real-life, underlining the
effectiveness of new targeted therapies in HR+/HER2− breast
cancer treatment worldwide, while delaying the use of
chemotherapy.
Introduction
Advanced –metastatic – breast cancer (ABC) is generally
a disease with no curative treatment options. Palliative
antitumor therapies are prescribed to lengthen overall
survival and improve quality of life. Improvement of
overall survival in the real-world setting, due to the
introduction of new systemic therapies, was previously
only reported in patients with human epidermal growth
factor receptor 2 (HER2) positive disease.1

Currently CDK4/6 inhibitors added to endocrine
therapy has become the new preferred type of palliative
therapy in first-line for HR+/HER2− ABC.2–6 The
MONALEESA-2 trial on ribociclib and letrozole in first-
line has reported a median overall survival time of over 5
years in the experimental treatment arm, an improve-
ment of more than 12 months as compared with the
placebo arm.7 The MONARCH 3 study has shown
similar survival gains with abemaciclib in a second
interim analysis, from a median survival of 54.5 months
in the placebo group to a median 67.1 months in the
treatment group.8 It remains unclear why the PALOMA-
2 study, using palbociclib as CDK4/6 inhibitor, did not
show an improvement in overall survival, whereas the
gain in progression-free survival was seen at a compa-
rable hazard ratio.9 Apart from the survival outcome,
prior real-world studies have shown that use of CDK4/6
inhibitors delays the use of chemotherapy.10,11 Delay of
chemotherapy is generally positive for patients’ quality
of life, as chemotherapy usually is more toxic for pa-
tients than endocrine and targeted therapy. Accordingly,
in daily practice the treatment patterns for patients
diagnosed with HR+/HER2− ABC are changing.
Patients with metachronous distant metastases may
already have received (neo-)adjuvant anthracyclines with
cyclofosfamide (AC), taxanes, and/or aromatase inhibi-
tor therapy at primary breast cancer diagnosis. Obvi-
ously, the intensified early breast cancer treatment has
led to a significant reduction in risk of recurrence and a
better relative survival for patients diagnosed with early
breast cancer.12–14 But, for those who yet face a distant
recurrence during follow-up, these shifts in the early
breast cancer treatments may have changed the ABC
patient baseline characteristics and may have worsened
prognosis at time of ABC diagnosis. Conversely, the
increased use of CDK4/6 inhibitors in daily practice is
expected to lead to an improved overall survival for pa-
tients diagnosed with ABC since 2017. In this real-world
study, we therefore aimed to assess trends in overall
survival, patient characteristics, and systemic therapies
of patients diagnosed with HR+/HER2− ABC between
2008 and 2019 in the Netherlands.
Methods
Patient selection
Data for this study were obtained from the Southeast
Netherlands advanced breast cancer (SONABRE) regis-
try. The SONABRE Registry (NCT-03577197) is an
observational cohort study, including all patients (≥18
years) with an ABC diagnosis in the Southeast of the
Netherlands. The registry includes patient characteris-
tics, tumour specifications and treatment information
for the primary tumour and metastatic disease, extracted
from medical files by specially trained registrars. When
www.thelancet.com Vol 26 March, 2023
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information on vital status was unknown, it was checked
in the Dutch Municipal Administrative Database. The
registry was approved by the Medical Research Ethics
Committee of Maastricht University Medical Centre (15-
4-239). For the current study, patients were selected
when diagnosed with HR+/HER2− ABC from 2008
until 2019 and systemically treated in one of eight
hospitals where registration was complete, including
one academic comprehensive cancer centre, four
teaching and three non-teaching hospitals. Last follow-
up was collected in 2021 and data lock was on October
15, 2021.
Definitions
The HR+/HER2− subtype was defined as the presence
of oestrogen receptor and/or progesterone receptor of
≥10% and a negative in situ hybridization for HER2 or a
IHC score of 0 or +1. Biopsy of a metastatic site was
used, if unavailable the latest biopsy results were used
(recurrence or primary tumour). Patients for whom
HER2− status was unknown were included when they
never had received HER2− targeted therapy. Metastatic-
free interval (MFI) was defined as the time between date
of diagnosis of the primary tumour and date of diag-
nosis of the first distant metastasis. Year of diagnosis
was clustered per 3-year period: 2008–2010, 2011–2013,
2014–2016 and 2017–2019. We chose to divide the
cohort into 3-year periods to identify the role of new
implemented therapies in ABC in specific years.
Endpoints
The primary endpoint was median overall survival of
patients per 3-year period of diagnosis. Overall survival
was defined as the time between date of ABC diagnosis
and date of death. Secondary endpoints included patient
and tumour characteristics at time of ABC diagnosis
and the use of systemic therapies within three years
since ABC diagnosis. The 3-year use of systemic therapy
represents the proportion of patients who started the
therapy of interest within 3 years following ABC diag-
nosis, and included chemotherapy, endocrine mono-
therapy, CDK4/6 inhibitors with endocrine therapy, and
mTOR inhibitors with endocrine therapy.
Statistical analyses
Differences in patient and tumour characteristics were
analysed using the Mantel–Haenszel test for trend.
Median overall survival was estimated by Kaplan Meier
methodology. All patients still alive were censored at the
date of last follow-up. Kaplan–Meier curves were cur-
tailed when only 10% of patients were in follow-up.15 We
adjusted overall survival for potential confounders in a
Cox proportional hazard analysis with the pre-specified
factors: age at diagnosis, metastatic-free interval, num-
ber of metastatic sites, and metastatic localization. This
www.thelancet.com Vol 26 March, 2023
analysis was performed in the total study population
(model 1), for patients with metachronous metastases
(model 2) and for patients with metachronous metas-
tases including a correction for prior exposure to (neo-)
adjuvant systemic therapies (model 3). All potential
predictors with a p-value of <0.2 in the univariable
analysis were included in the main multivariable model.
All reported p-values are two-sided and considered sta-
tistically significant at ≤0.05. Finally, three-year use of
therapies was calculated using competing-risk method-
ology, considering start of the therapy of interest as
‘event’ and death without use of the therapy of interest
as ‘competing event’, and censoring patients in follow-
up at the date of last update. The 3-year period is spe-
cifically chosen as it matches the expected median
overall survival based on the data of patients in
2007–2009 in a prior study of the SONABRE (i.e. 24.8
months16), as we considered that therapies used in the
period before the median survival time point could in-
fluence the median survival results. The 3-year period
also matches median follow-up time for patients diag-
nosed in 2017–2019 (i.e. 34.4 months).
Results
A total of 1950 patients were systemically treated for
HR+/HER2− ABC in 2008–2019 and included in this
study. Overall, median age at ABC diagnosis was 66
years (Table 1). The WHO performance status was 0–1
for 83% of patients. The majority of patients (72%) was
diagnosed with carcinoma of no special type (NST).
Metastatic-free interval was categorized as <3 months
(23%), 3–60 months (26%), 60–120 months (23%) and
>120 months (28%). Overall, 54% of patients had
visceral metastases and 3% central nervous system
metastases.

The proportion of patients aged above 70 years
significantly increased from 41% in 2008–2010 to 47%
in 2017–2019 (p = 0.004). In line, the proportion of
patients with comorbidities at time of ABC diagnosis
increased from 52% in cohort 2008–2010 to 64% in
cohort 2017–2019 (p = 0.001). In more recent years,
more patients had multiple metastatic sites at time of
ABC diagnosis, increasing from 48% in 2008–2010 to
56% in 2017–2019 (p = 0.002). Metastatic-free interval
distribution remained constant over time (p = 0.71).
Among patients with metachronous metastases (i.e.
MFI >3 months) the use of (neo-) adjuvant chemo-
therapy significantly increased from 38% in 2008–2010
to 48% in 2017–2019 (p = <0.001) (baseline character-
istics for this group are specified in Supplementary
Table S1). Patients diagnosed with ABC in more
recent years had more frequently received prior taxane
and AC as (neo-)adjuvant chemotherapy, 9% in
2008–2010 versus 33% in 2017–2019 (p = <0.001). In
addition, more patients had received prior adjuvant
endocrine therapy, 64% in 2008–2010 versus 72% in
3
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Characteristics Total
(n = 1950)

2008–2010
(n = 456)

2011–2013
(n = 521)

2014–2016
(n = 480)

2017–2019
(n = 493)

p-value for
Trend

Sex 0.36

Female 1932 (99) 450 (99) 516 (99) 477 (99) 489 (99)

Age (in years) 0.004

Median (range) 66 (25–98) 65 (33–95) 67 (33–94) 67 (32–95) 69 (25–98)

<70 years 1158 (59) 287 (63) 314 (60) 297 (62) 260 (53)

≥70 years 792 (41) 169 (37) 207 (40) 183 (38) 233 (47)

WHO status 0.57

0–1 1204 (83) 153 (86) 324 (81) 342 (83) 385 (82)

2–4 251 (17) 25 (14) 74 (19) 69 (17) 83 (18)

Unknown 495 278 123 69 25

Comorbidities 0.001

Any 1137 (58) 237 (52) 305 (59) 282 (59) 313 (64)

Histology 0.43

Ductal (NST) 1412 (72) 328 (72) 375 (72) 343 (72) 366 (74)

Lobular 412 (21) 94 (21) 118 (23) 110 (23) 90 (18)

Other/unknown 126 (7) 34 (7) 28 (5) 27 (6) 37 (8)

MFI 0.71

<3 months 447 (23) 94 (21) 122 (23) 114 (24) 117 (24)

3–60 months 510 (26) 147 (32) 117 (23) 120 (25) 126 (26)

60–120 months 443 (23) 101 (22) 122 (23) 119 (25) 101 (21)

>120 months 550 (28) 114 (25) 160 (31) 127 (27) 149 (30)

Number of metastatic sites 0.002

Single 907 (47) 236 (52) 257 (49) 196 (41) 218 (44)

Multiple 1043 (54) 220 (48) 264 (51) 284 (59) 275 (56)

Sites of metastases

Bones 1477 (76) 345 (76) 408 (78) 351 (73) 373 (76) 0.53

Bone-only 639 (33) 165 (36) 190 (37) 135 (28) 149 (30) 0.006

Soft tissuea 663 (34) 125 (27) 158 (30) 196 (41) 184 (37) <0.001

Visceralb 1057 (54) 242 (53) 271 (52) 269 (56) 275 (56) 0.23

CNSc 67 (3) 18 (4) 16 (3) 19 (4) 14 (3) 0.52

(Neo-)adjuvant chemotherapyd <0.001

Taxane or AC 276 (18) 83 (23) 82 (21) 74 (20) 37 (10)

Taxane and AC 334 (22) 33 (9) 72 (18) 106 (29) 123 (33)

Other adjuvant chemotherapy 84 (6) 22 (6) 29 (7) 12 (3) 21 (6)

No (neo-)adjuvant
chemotherapy

809 (54) 224 (62) 216 (54) 174 (48) 195 (52)

(Neo-)adjuvant ETd <0.001

AI with/without tamoxifen 638 (42) 115 (32) 152 (38) 198 (54) 173 (46)

Tamoxifen only, or other 397 (26) 116 (32) 103 (26) 80 (22) 98 (26)

No (neo-)adjuvant ET 468 (31) 131 (36) 144 (36) 88 (24) 105 (28)

Data are given as number (%) unless otherwise indicated. ABC, advanced breast cancer; AC, anthracyclines and cyclophosphamide; AI, aromatase inhibitors; CNS, central
nervous system; ET, endocrine therapy; MFI, metastatic-free interval; WHO, World Health Organization. aSoft tissue, lymph nodes, skin and eye. bLiver, lung, pleura,
peritoneum, gastrointestinal tract, other. cBrain and leptomeningeal. dAmong patients with recurrent metastases (excluding patients with de novo ABC).

Table 1: Patient characteristics at time of advanced breast cancer diagnosis for the total study population, and for patients diagnosed per period
2008–2010, 2011–2013, 2014–2016 and 2017–2019.
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2017–2019 (p = <0.001). The use of prior adjuvant aro-
matase inhibitors increased from 32% in 2008–2010 to
46% in 2017–2019 (p = <0.001).
Overall survival
Median follow-up time of the total study population was
81.6 months, for the patients diagnosed in 2017–2019
median follow-up time was 34.4 months. Median overall
survival gradually improved from 31.1 months (95%
CI:28.2–34.3) for patients diagnosed with ABC in
2008–2010 to 38.4 months (95% CI:34.0–41.1) for pa-
tients diagnosed in 2017–2019 (Fig. 1). After adjustment
for the pre-specified prognostic factors, the improve-
ment in overall survival showed to be statistically sig-
nificant for the patients diagnosed in the most recent
www.thelancet.com Vol 26 March, 2023
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Fig. 1: Overall survival in systemically treated patients diagnosed with HR+/HER2− ABC per period of diagnosis. mOS, median overall survival; CI,
confidence interval.
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cohorts with an adjusted hazard ratio of 0.85 (95%
CI:0.73–0.99, p = 0.03) for those diagnosed with ABC in
2014–2016 and of 0.76 (95% CI:0.64–0.90, p = 0.001) for
2017–2019, compared with patients diagnosed in
2008–2010 (Table 2).

In patients with metachronous metastases, median
overall survival improved from 29.9 months (95%
CI:26.7–32.6) for patients diagnosed with ABC in
2008–2010 to 37.2 months (95% CI:33.6–40.9) for
diagnosis in 2017–2019 (Fig. 2). The overall survival for
patients diagnosed in 2017–2019 versus 2008–2010 was
significantly better with an adjusted hazard ratio of 0.75
(95% CI:0.62–0.90, p = 0.003) without adjustment for
prior (neo-) adjuvant systemic therapy and 0.63 (95%
CI:0.51–0.77, p = <0.001) after additional correction for
prior (neo-) adjuvant systemic therapy (Fig. 2, Table 2).
When adjusting for prior systemic therapy for early
breast cancer in patients with metachronous metastases,
ABC outcome shows to improve statistically significant
for patients since 2011, with an adjusted HR of 0.79
(95% CI:0.67–0.94, p = 0.007) for the 2011–2013 cohort,
an adjusted HR of 0.71 (95% CI:0.59–0.85, p < 0.001) for
the 2014–2016 cohort and an adjusted HR of 0.63 (95%
CI:0.51–0.77, p < 0.001) for the 2017–2019 cohort,
compared with cohort 2008–2010. Patients who were
previously treated with (neo-) adjuvant systemic therapy
had a statistically significant worse overall survival when
compared with patients who did not receive (neo-)
adjuvant chemotherapy or endocrine therapy. For pa-
tients who received prior (neo-) adjuvant AC and taxane
chemotherapy the adjusted hazard was 1.33 (95%
CI:1.08–1.62, p = 0.007) and for patients who received
prior (neo-)adjuvant aromatase inhibitors (AI) with or
www.thelancet.com Vol 26 March, 2023
without tamoxifen the adjusted hazard ratio was 1.88
(95% CI:1.58–2.24, p < 0.001).
Systemic therapy
Among all systemically treated patients, use of endo-
crine therapy in the 3 years following ABC diagnosis
was 90% for patients diagnosed with ABC in 2008–2010,
90% for cohort 2011–2013, 91% for cohort 2014–2016
and 94% for cohort 2017–2019 (Fig. 3, Supplementary
Fig. S1). The use of CDK4/6 inhibitors in the first 3
years since diagnosis was 0% for patients diagnosed
with ABC in 2008–2010, 1% for cohort 2011–2013, 23%
for cohort 2014–2016 and 54% for cohort 2017–2019.
Among the 518 lines of CDK4/6 inhibitor therapy, 431
(83%) comprised palbociclib, 86 (17%) ribociclib and 1
(<1%) abemaciclib. Three-year use of mTOR inhibitors
for cohorts 2008–2010, 2011–2013, 2014–2016, and
2017–2019 were respectively 3%, 24%, 17% and 11%.
Three-year use of chemotherapy decreased from 50%
for patients diagnosed with ABC in 2008–2010 to 36%
for those diagnosed in 2017–2019.
Discussion
This study has investigated time trends in overall sur-
vival, patient characteristics and systemic therapy for
1950 patients diagnosed with HR+/HER2− ABC in the
Southeast of the Netherlands between 2008 and 2019.
We observed a statistically significant and clinically
relevant increasing overall survival between 2008 and
2019. This improvement was observed, even though
patient characteristics at time of ABC diagnosis became
5
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N (%) All patients
(N = 1950, 1469 events)

N (%) Patients with metachronous metastases
(N = 1503, 1151 events)

Model 1 Model 2 Model 3

Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value

Period of diagnosis

2008–2010 456 (23) Ref 362 (24) Ref. Ref.

2011–2013 521 (27) 0.88 (0.76–1.02) 0.09 399 (27) 0.88 (0.74–1.03) 0.11 0.79 (0.67–0.94) 0.007

2014–2016 480 (25) 0.85 (0.73–0.99) 0.03 366 (24) 0.87 (0.74–1.03) 0.12 0.71 (0.59–0.85) <0.001

2017–2019 493 (25) 0.76 (0.64–0.90) 0.001 376 (25) 0.75 (0.62–0.90) 0.003 0.63 (0.51–0.77) <0.001

Age at diagnosis

Per year 1.02 (1.01–1.02) <0.001 1.01 (1.01–1.02) <0.001 1.02 (1.01–1.03) <0.001

Metastatic-free interval

<3 months 447 (23) Ref.

3–60 months 510 (26) 1.89 (1.62–2.20) <0.001 510 (34) Ref. Ref.

60–120 months 443 (23) 1.05 (0.89–1.23) 0.58 443 (29) 0.56 (0.48–0.65) <0.001 0.55 (0.47–0.64) <0.001

>120 months 550 (28) 0.71 (0.60–0.83) <0.001 550 (37) 0.38 (0.33–0.44) <0.001 0.43 (0.36–0.50) <0.001

Metastatic localization

Bone-only 639 (33) Ref 466 (31) Ref. Ref.

Soft tissue, without
visceral or CNS

230 (12) 0.71 (0.55–0.90) 0.005 169 (11) 0.71 (0.54–0.94) 0.02 0.70 (0.53–0.93) 0.01

Visceral, without CNS 1014 (52) 1.21 (1.00–1.47) 0.05 811 (54) 1.30 (1.05–1.61) 0.02 1.29 (1.04–1.60) 0.02

CNS 67 (3) 1.88 (1.37–2.59) <0.001 57 (4) 1.77 (1.24–2.51) 0.001 1.65 (1.16–2.35) 0.005

Number of metastatic sites

Single 907 (47) Ref 680 (45) Ref. Ref.

Multiple 1043 (53) 1.48 (1.25–1.77) <0.001 823 (55) 1.40 (1.15–1.70) 0.001 1.43 (1.17–1.73) <0.001

(Neo-)Adjuvant chemotherapy

No chemotherapy – – 809 (54) – – Ref.

AC or taxane – – 276 (18) – – 1.20 (0.98–1.46) 0.08

AC and taxane – – 334 (22) – – 1.33 (1.08–1.62) 0.007

Other chemotherapy – – 84 (6) – – 0.89 (0.65–1.22) 0.48

(Neo-)Adjuvant ET

No adjuvant ET – – 468 (31) – – Ref.

Tamoxifen or other – – 397 (26) – – 1.56 (1.30–1.88) <0.001

AI with/without tamoxifen – – 638 (42) – – 1.88 (1.58–2.24) <0.001

ABC, advanced breast cancer; AC, anthracyclines and cyclophosphamide; AI, aromatase inhibitors; CNS, central nervous system; ET, endocrine therapy. Model 1: Total study population; Model 2: patients
with metachronous metastases without correcting for adjuvant therapies; Model 3: patients with metachronous metastases with correction for adjuvant therapies.

Table 2: The adjusted hazard ratios of overall survival per 3-year period of diagnosis for HR + /HER2− ABC patients, corrected for patient- and tumour characteristics in three
models using multivariable proportional hazard analysis.
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more unfavourable over the years. Additionally, patients
who were previously treated with (neo-) adjuvant sys-
temic therapy had a statistically significant worse overall
survival compared with patients who did not receive
(neo-) adjuvant chemotherapy or endocrine therapy.

In this study, patients more recently diagnosed were
older and more often had comorbidities. In the total
study population 41% of patients is aged above 70 years
at time of ABC diagnosis. Relevant to consider is the
median age at early breast cancer diagnosis, which is
about 61 years.12 We observed that 51% of patients were
diagnosed with distant metastases more than five and
28% more than ten years after primary HR+/HER2−
diagnosis, which also explains an elderly age at ABC
diagnosis. In comparison to other cohorts, the EU-5
cohort with 82,073 patients diagnosed with HR+/
HER2− ABC in 2008–2010 reported 37% of patients
aged above 70 years, identical to our results (i.e. 37% in
2008–2010).17 However, the French ESME-MBC cohort
includes a somewhat younger population, with a me-
dian age of 62 years in the HR+/HER2−population
diagnosed in 2008–2016, as opposed to a median age of
66 years in 2008–2019 in our study.18 Differences in age
distribution between HR+/HER2− ABC cohort studies
might reflect differences in patient selection, by for
example the registration of only patients from academic
hospitals versus patients from all hospitals, or by
different informed consent requirements. Remarkably,
in our study we observed an increase of patients aged
above 70 years from 37% in 2008–2010 to 47% in
www.thelancet.com Vol 26 March, 2023
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Fig. 2: Overall survival in systemically treated patients diagnosed with metachronous HR+/HER2− ABC per period of diagnosis. mOS, median
overall survival; CI, confidence interval.

Articles
2017–2019. Ageing of the population is a phenomenon
observed throughout Europe. Between 2011 and 2021
there was an increase of the share of people aged above
65 years with 3% in the European Union and 4.2% in
the Netherlands.19 Of note, the age distribution of the
general population is similar in the Netherlands and
Europe, with 21% of inhabitants aged above 65 years in
2021. But, in the Dutch province Limburg, where most
patients included in the SONABRE Registry live, the
proportion of patients aged above 65 years is slightly
higher, i.e. 25%.20 We expect that the ageing of the
population probably also led to the higher prevalence of
comorbidities over time, although this could also have
Fig. 3: Cumulative use of systemic therapies during the first three years
confidence intervals, per period of diagnosis. See Supplementary Fig. S1

www.thelancet.com Vol 26 March, 2023
resulted from a better registration of comorbidities with
the introduction of electronic health records over the
study period.

This study illustrates a change in prior exposure to
(neo-) adjuvant systemic therapies in patients with
metachronous metastases. We observed that over time,
more patients with HR+/HER2− ABC were previously
exposed to a combination of AC and taxanes, and aro-
matase inhibitors as part of their prior (neo-) adjuvant
therapy. The prior exposure to (neo-) adjuvant therapy
for patients diagnosed with metachronous metastases in
2017–2019 in our study was 48% for chemotherapy and
72% for endocrine therapy. In the French ESME cohort,
since the diagnosis of HR+/HER2− advanced breast cancer with 95%
for the graphs of the cumulative use of these systemic agents.
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including patients diagnosed with ABC in 2008–2016,
the prior exposure to (neo-) adjuvant chemotherapy was
68% and the prior exposure to (neo-)adjuvant endocrine
therapy 83%.18 For ABC patients included in the
German PREAGNANT registry and diagnosed in
2014–2017, 48% had received (neo-) adjuvant chemo-
therapy and 83% (neo-) adjuvant endocrine therapy.21 It
should be noted, that the rate of prior systemic therapy
when looking at an ABC population is not the same as
the rate in early breast cancer. The differences and
similarities between the cohort studies is probably the
result of patient selection.

In the total study population, the median overall
survival increased from 31.1 months in patients diag-
nosed in 2008–2010 to 38.4 months in patients diag-
nosed in 2017–2019. The addition of 7 months is in this
context a clinically relevant improvement. The SONA-
BRE Registry is the first population-based cohort study
that reveals an improvement in overall survival for the
HR+/HER2− ABC population in recent years.

The improvement in overall survival over time in our
study cohort seems to be associated with changes in
systemic treatment choices in the HR+/HER2− ABC
setting. This is supported by the observation that the
survival improvement was larger after correcting for
baseline characteristics and (neo-) adjuvant therapies.
The most relevant treatment changes were a lower use
of chemotherapy within the first 3 years after ABC
diagnosis from 50% for patients diagnosed in
2008–2010 to 36% for those diagnosed in 2017–2019,
while the use of CDK4/6 inhibitors increased from 0%
to 54% over the same period. Apart from the gradual
implementation of CDK4/6 inhibitors, other explana-
tions for the gradual improvement of survival could be
the introduction of other more effective systemic ther-
apies, such as everolimus, fulvestrant, capecitabine and
taxane, toegether with increased focus on additional
supportive care measures leading to more lines of active
anti-tumour treatment.22 Based on the results from the
clinical phase 3 trials, we expect that the survival of the
HR+/HER2− ABC population will further increase with
the ongoing implementation of CDK4/6 inhibitor ther-
apy in the real-world setting.7–9 In a prior study of the
SONABRE Registry we observed that the implementa-
tion of CDK4/6 inhibitors was somewhat lower than in
other Western countries, mostly explained by the Dutch
guideline recommendation that the use of CDK4/6 in-
hibitors in second line may be considered while await-
ing the results of the SONIA study.10,23 It is of
importance to notice that most patients in the SONA-
BRE Registry were treated with palbociclib as CDK4/6
inhibitor. Although no conclusions on the effectiveness
of CDK4/6 inhibitors can be made from our study, our
results seem to support the hypothesis that all types of
CDK4/6 inhibitors may provide an overall survival
benefit, despite the ongoing discussion regarding the
variable significance in the phase 3 trials. Remarkably,
the three-year use of mTOR inhibitor everolimus
decreased from 24% in 2011–2013 to 11% in
2017–2019. In line with guidelines, the results of the
SONABRE Registry indicates that the use of everolimus
is postponed to later lines of treatment since the
implementation of CDK4/6 inhibitors.10 By the intro-
duction of PI3 kinase inhibitors in more recent years,
we expect that well-chosen and more effective second-
and further lines of endocrine and targeted therapies
may contribute to further improvements in overall sur-
vival of patients with HR+/HER2− ABC.24,25 The
improved overall survival we observed in this real-world
setting despite a reduced use of chemotherapy, indicates
the value of endocrine and targeted therapy and fits the
earlier findings of relative chemotherapy resistance in
this particular breast cancer subtype.

The median overall survival time of 38.4 months
observed in our population is shorter than survival re-
sults reported in clinical trials and some real-world
studies. Median overall survival of patients treated in
the phase 3 clinical trials of CDK4/6 inhibitors is over 50
months.7–9 However, the current study is conducted in a
population-based study, representing the whole popu-
lation of HR+/HER2− ABC patients, which is not
comparable to a clinical trial. The first-line clinical trials
were performed with specific patient selections, for
example only including patients with performance sta-
tus 0 or 1, without progression on adjuvant endocrine
therapy and without symptomatic visceral disease. The
ESME cohort study reported a median overall survival of
43.3 months in patients diagnosed with HR+/HER2−
ABC in 2008–2016.18 In Sweden in 2009–2016 the me-
dian overall survival of HR + ABC patients was 37.0
months.26 Apart from differences in therapy use, dif-
ferences in outcomes between observational studies
may be caused by differences in patient populations and
selection. As previously mentioned, the ESME cohort
has a younger study population, which is probably
explained by the patient selection from 18 comprehen-
sive cancer centres, whereas SONABRE includes one
academic comprehensive cancer centre, four teaching
and three non-teaching. Additionally, routine follow-up
to detect metastases in its asymptomatic phase is not
advised in the Netherlands, while in the ESME study
51% of ABC diagnoses were screen-detected. This
earlier diagnosis is expected to extend the survival time
by the duration of the lead time.

This real-world study is the first to show an
improvement in overall survival for patients diagnosed
with HR+/HER2− ABC, which is rewarding for the
work in the scientific field of breast cancer treatment.
The SONABRE Registry is an unselected observational
cohort study in the Southeast of the Netherlands without
inclusion bias. The findings are specific for the Southeast
of the Netherlands, because patient characteristics and
treatment choices are country- or region-specific, limiting
generalizability of the study findings.27 Nevertheless, the
www.thelancet.com Vol 26 March, 2023
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improvement of overall survival in patients diagnosed
with HR+/HER2− ABC can be expected throughout the
world when improved treatment options are imple-
mented. The analysis only included patients who were
systemically treated, to prevent an underestimation of the
survival in comparison to other studies. The proportion
of patients not systemically treated (5% of patients with
HR+/HER2− ABC in the registry) and their median
overall survival (0.9–1.2 months, data not further shown)
remained stable over time and we therefore not presume
this could lead to a selection bias. For the definition of the
HR+/HER2− we chose to include patients with an un-
known HER2 status when they never had received
HER2− targeted therapy, although this might have led to
a misclassification in a minority of the patients. In terms
of registration bias, we observed an increase in the
number of soft tissue and lymph node metastases over
time, but we expect this to be the consequence of regis-
tration differences. Other factors may have led to a con-
founding bias. For example, the overall increase of
multiple metastases at ABC diagnosis could be the effect
of higher quality imaging techniques and increased use
of nuclear imaging, e.g. by PET-CT-scanning, over the
past decade, although data to evaluate this were not
available in the Registry. In the multivariate analysis of
the overall survival, we have corrected for all patient and
tumour characteristics that changed over time, but the
results should be interpreted with caution, as residual
confounding may remain. Moreover, in this analysis we
focused on endocrine/targeted therapy and chemo-
therapy, but changes in PARP inhibitors in the (small)
subset of patients with germline BRCA1/2 mutations
may also have improved outcome.

The registration of outcomes in daily practice re-
mains relevant in patients diagnosed with HR+/HER2−
ABC. In the near future, the HR+/HER2− group is ex-
pected to be further subdivided into HER2 negative and
HER2 low, based on new treatment opportunities.
Furthermore, the introduction of new adjuvant thera-
pies, such as adjuvant abemaciclib, might again change
the characteristics of patients with ABC and possibly
even lead to a downfall of survival in the ABC setting if
at the same time no therapy improvements are made.
Therefore, continuous monitoring of survival outcome
and treatment patterns is needed.
Conclusion
This study indicates that patients, when diagnosed with
HR+/HER2− ABC in more recent years more often had
received prior (neo-)adjuvant therapies and tend to have
less favourable patient and tumour characteristics.
Nevertheless, there is an increase in the overall survival
of this population. This is accompanied by an increased
use of CDK4/6 inhibitors and lower use of chemo-
therapy in the ABC setting.
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