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A B S T R A C T   

Introduction: There have been several developments in the treatment of HER2-overexpressing metastatic breast 
cancer. However, pivotal trials mainly included younger and healthier patients, resulting in a lack of information 
about the benefits and harms of treatment for most older patients. The aim of this study was to provide an 
overview of the differences in treatment allocation and survival outcomes over time between younger and older 
patients with HER2-overexpressing metastatic breast cancer. 
Materials and Methods: All patients from the Netherlands Cancer Registry with de novo metastatic breast cancer 
between 2005 and 2021 were included. Patients were divided into three age groups: <65, 65–74, and ≥ 75 years. 
Changes in treatment allocation were graphically depicted over time. Cox proportional hazard models were used 
to calculate overall survival and Poisson models for relative survival. 
Results: Overall, 2,722 patients were included. Between 2005 and 2021, the use of targeted therapy as first-line 
treatment increased for all age groups (<65 years from 33.8% to 90.6%, p < 0.001; 65–74 years from 29.2% to 
86.5%, p = 0.001; ≥75 years from 4.3% to 55.8%, p < 0.001). Use of chemotherapy as first-line treatment also 
increased for all age groups (<65 years from 73.5% to 89.8%, p < 0.001; 65–74 years from 50.0% to 78.4%, p =
0.01; ≥75 years from 8.7% to 37.2%, p = 0.04). Although not statistically significant, the use of endocrine 
therapy, both as monotherapy and in combination with targeted therapy in the first line, decreased (<65 years 
19.1% to 5.5%, p < 0.001; 65–74 years 25.0% to 13.5%, p = 0.03; ≥75 years 65.2% to 37.2%, p = 0.16). Changes 
in relative and overall survival were similar and improved in all age groups, but most in the youngest age group 
(relative excess risk [RER] 0.93, 95% confidence interval [CI] 0.91–0.94 per year, p < 0.001), and least in pa
tients ≥75 (RER 0.96, 95% CI 0.93–0.98 per year, p = 0.001). 
Discussion: The use of first-line chemotherapy and targeted therapy increased in all age groups, while the use of 
endocrine therapy decreased over time. Nevertheless, the uptake of chemotherapy and targeted therapies was 
substantially slower in the oldest age group. Overall survival and relative survival improved for all age groups, 
but these improvements were smaller in the older age groups.   

1. Introduction 

Breast cancer is the most frequently diagnosed malignancy in women 
and is increasingly common in women over 65 years of age [1]. Among 
older patients, about 4–9% have metastases at the time of diagnosis [2]. 
Although older patients generally have more favourable biological 

tumour characteristics compared to younger patients, 10–15% of their 
tumours overexpress the human epidermal growth factor receptor 2 
(HER2) protein [3]. The overexpression of HER2 is associated with a 
poor prognosis, because HER2 mediates cell growth, differentiation, and 
survival of cells [4]. However, since the registration of the anti-HER2 
antibody trastuzumab two decades ago, and later other HER2-directed 

* Corresponding author at: Leiden University Medical Center, Department of Medical Oncology, P.O. Box 9600, Leiden 2300 RC, the Netherlands. 
E-mail address: j.e.a.portielje@lumc.nl (J. Portielje).  

Contents lists available at ScienceDirect 

Journal of Geriatric Oncology 

journal homepage: www.elsevier.com/locate/jgo 

https://doi.org/10.1016/j.jgo.2024.101805 
Received 5 November 2023; Received in revised form 5 May 2024; Accepted 22 May 2024   

mailto:j.e.a.portielje@lumc.nl
www.sciencedirect.com/science/journal/18794068
https://www.elsevier.com/locate/jgo
https://doi.org/10.1016/j.jgo.2024.101805
https://doi.org/10.1016/j.jgo.2024.101805
https://doi.org/10.1016/j.jgo.2024.101805
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jgo.2024.101805&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Journal of Geriatric Oncology 15 (2024) 101805

2

monoclonal antibodies, tyrosine kinase inhibitors, and antibody-drug 
conjugates, treatment of this aggressive subtype has improved consid
erably. The marketing authorisation of trastuzumab in Europe was is
sued in 2000 and included in Dutch guidelines from 2002 [5]. 
Unfortunately, the pivotal trials on this targeted therapy mainly 
included younger and healthier patients, which means that less is known 
about the benefits and harms of treatment for older patients [6–9]. This 
information is crucial, because this growing older population represents 
a heterogeneous group with large differences in fitness and frailty, 
potentially putting them at higher risk of side effects than younger pa
tients [10]. As a result of this lack of evidence, older patients are often 
under- or overtreated but there are limited data on age-related differ
ences in HER2-overexpressing metastatic breast cancer. 

The aim of this study was therefore to provide an overview of the 
differences in treatment allocation and survival outcomes over time 
between younger and older patients with HER2-overexpressing de novo 
metastatic breast cancer. 

2. Methods 

All patients from the Netherlands Cancer Registry who were diag
nosed with metastatic breast cancer between 2005 and 2021 were 
included [11]. For this registry, trained data managers collected data 
from medical records on patient, tumour, and treatment characteristics 
of all patients in the Netherlands with newly diagnosed breast cancer up 
to one year after diagnosis. Incident cases are identified through the 
national pathology archive and, since tumour data of patients are not 
updated, only information on patients with metastatic breast cancer at 
the time of diagnosis (i.e., de novo) is complete. Vital status and date of 
death are obtained by a yearly linkage of the Netherlands Cancer Reg
istry to the municipal Personal Records Databases with the latest linkage 
on February 1, 2023. 

If patients were diagnosed with bilateral breast cancer, the most 
aggressive tumour was used for the analyses. This was defined in the 
following order: tumour size, grade, or hormone receptor-negative 
disease. 

The proportion of patients with undetermined or unknown HER2 
status increased with age, ranging from 0% in patients aged 20–29 years 
up to 30.4% in patients aged 90–99 years (Supplemental Figs. 1 and 2). 
For the current analyses, only patients with known HER2 status and 
HER2 overexpression were included. A score of 3+ determined by 
immunohistochemistry and/or HER2 gene amplification detected by in 
situ hybridization or PCR was considered HER2 overexpression. 

Patients were divided into three age groups: <65 years, 65–74 years, 
≥75 years. Tumour morphology was divided into four categories (i.e., 
lobular, ductal, a combination of both, or unknown). Tumours were 
classified as hormone receptor-positive if the estrogen receptor (ER) 
and/or progesterone receptor (PR) expression was >10%. The number 
of metastatic sites was categorized into three groups: 1, 2, or 3 or more. 
Since the Netherlands Cancer Registry collected data until one year after 
diagnosis, information on second- or third-line systemic treatment may 
not be complete for every patient. Therefore, only first-line systemic 
treatment was used for the analyses. This was defined as the first sys
temic treatment given or, if another therapy was already given within 
two months (cut-off: 65 days) after initiation, the second therapy. Tar
geted therapy mainly includes trastuzumab, followed by pertuzumab. 
Lapatinib, trastuzumab emtansine, and tucatinib were all rarely pre
scribed in this time period as first-line treatment. 

2.1. Statistical Analysis 

Differences in tumour characteristics and treatment allocation be
tween the age groups were assessed with the chi-square test, stratified 
for the hormone receptor status, and illustrated in bar graphs. Second, 
the percentage of patients receiving first-line systemic treatment (i.e., 
chemotherapy, endocrine therapy, and/or targeted therapy) was 

graphically depicted over time as three-year moving means. Moreover, 
logistic regression models were used to assess changes in treatment 
patterns (chemotherapy, targeted therapy, and endocrine therapy) per 
year, stratified by age group. Next, median overall survival with inter
quartile ranges (IQR) and five-year overall survival rates by age group 
were estimated using the Kaplan-Meier method. Cox proportional haz
ard models were used to additionally adjust for [1] tumour character
istics (i.e., grade, morphology, hormone receptor status, number of 
metastatic sites) and [2] tumour characteristics and adjuvant systemic 
treatment (i.e., chemotherapy, endocrine therapy, and targeted therapy) 
to assess the additional effect of these variables on overall survival. 
Sensitivity analyses were performed to assess overall survival over time 
for all age groups and for the hormone receptor status. 

Lastly, as older patients with breast cancer often die from other 
causes than breast cancer, the relative survival over time was calculated 
using the Ederer II method [12]. Relative survival is the observed sur
vival of patients divided by the expected survival of the general popu
lation, matched by age, sex, and year of diagnosis. This ratio provides an 
estimate of survival if breast cancer were the only possible cause of 
death and is thereby a proxy for breast cancer-specific survival. This 
analysis can be performed under the assumption that the background 
mortality (i.e., the risk of dying if a patient would not have had breast 
cancer) of patients with metastatic breast cancer is similar to that of the 
general population. As the prevalence of most comorbidities is compa
rable among patients with breast cancer and the general population, 
relative survival is frequently used in this tumour type and is considered 
a valid method [13]. Relative excess risks (RER) were calculated with 
Poisson models and were adjusted for tumour characteristics (i.e., grade, 
morphology, hormone receptor status, and number of metastatic sites) 
and systemic treatment (i.e., chemotherapy, endocrine therapy, and 
targeted therapy). 

The statistical tests were performed in SPSS version 29.0 (IBM, 
Armonk, New York, USA) and STATA version 16.1 (StataCorp, College 
Station, Texas, USA). All analyses were two-sided and a p-value of <0.05 
was considered statistically significant. 

3. Results 

Between 2005 and 2021, 13,347 patients were diagnosed with de 
novo metastatic breast cancer. Of them, 2722 (20.4%) patients had 
HER2 overexpressing disease and were included in the current study 
(Table 1). Of patients <65 years, 26.3% of tumours had HER2 over
expression; of patients 65–74 years, 16.8%; and of patients ≥75 years, 
12.3%. 

4. Tumour Histology and Hormone Receptor Status 

The tumour morphology differed between different age groups, with 
patients under 65 years of age having more ductal tumours than older 
patients, whereas older patients had relatively more lobular tumours 
(Table 1). Hormone receptor status did not significantly differ between 
age groups (<65 years: 56.6%, 65–74 years: 54.1%, ≥75 years: 60.2% of 
patients had ER and/or PR-positive breast cancer, p = 0.41). Irrespective 
of age, most tumours metastasized to bone, followed by the liver for the 
youngest and the middle age groups, and by the lung for those aged 75 
years and older. 

5. First-Line Treatment 

Between 2005 and 2021, the use of chemotherapy and targeted 
therapy as first-line treatment gradually increased for patients under the 
age of 65 (chemotherapy use from 73.5% of patients in 2005 to 89.8% in 
2021, p < 0.001; targeted therapy from 33.8% in 2005 to 90.6% in 2021, 
p < 0.001), while the use of first-line endocrine therapy, both as mon
otherapy or in combination with targeted therapy, decreased (19.1% in 
2005 to 5.5% in 2021, p < 0.001) (Fig. 1, Supplemental Table 1). For the 
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entire group of patients aged 65–74 years, the use of first-line chemo
therapy increased from 50.0% of patients in 2005 to 78.4% in 2021 (p =
0.01), while the use of endocrine therapy decreased from 25.0% to 
13.5% in that same period (p = 0.03) (Fig. 1). The prescription of tar
geted therapy increased from 29.2% of patients in 2005 to 86.5% in 
2021 (p < 0.001). The use of chemotherapy and targeted therapy also 
increased for the oldest age group (from 8.7% of patients in 2005 to 

37.2% of patients in 2021 (p = 0.04) and from 4.3% in 2005 to 55.8% of 
patients in 2021 (p < 0.001), respectively. Although not statistically 
significant, the use of endocrine therapy decreased numerically from 
65.2% in 2005 to 37.2% in 2021 (p = 0.16). In total, 69.8% of patients 
aged <65 years, 51.2% aged 65–74 years, and 24.1% aged ≥75 years 
received chemotherapy in combination with targeted therapy (Supple
mental Fig. 2). 

5.1. Hormone Receptor-Negative Disease 

For hormone receptor-negative disease, 13.1% of patients below 65 
years of age received first-line chemotherapy as monotherapy and 
78.2% of patients in combination with targeted therapy over the entire 
study period (Fig. 2A). The other patients either received no therapy 
(6.0%), targeted therapy only (2.1%), or endocrine therapy only (0.7%). 

Of patients aged 65–74 years with hormone receptor-negative dis
ease 79.1% were treated with first-line chemotherapy, 9.7% with 
monotherapy and 69.4% combined with targeted therapy (Fig. 2A). In 
the same age group, 16.0% of patients with hormone receptor-negative 
disease did not receive any first line systemic treatment. Very few pa
tients received targeted therapy (2.4%) or endocrine therapy (1.9%) 
only. 

Of patients aged 75 years and older with hormone receptor-negative 
disease, 42.2% of patients were treated with a first-line treatment 
combination of chemotherapy and targeted therapy (Fig. 2A). Also, 
37.2% of patients did not receive any form of systemic therapy in the 
first line. Chemotherapy, endocrine therapy, and targeted therapy were 
given as monotherapy in 6.7%, 9.4%, and 4.4% of patients, respectively. 

5.2. Hormone Receptor-Positive Disease 

For those patients aged <65 years with hormone receptor-positive 
disease, 11.0% received first-line chemotherapy as monotherapy and 
62.8% in combination with targeted therapy over the entire study period 
(Fig. 2B). Thirteen percent of this age group received endocrine therapy 
only, whereas 8.6% received endocrine therapy in combination with 
targeted therapy. 

Of those patients aged 65–74 with hormone receptor-positive dis
ease, 36.7% received a first-line treatment combination of chemo
therapy and targeted therapy and 10.5% chemotherapy only (Fig. 2B). 
More than a quarter of patients (27.0%) received endocrine therapy only 
and 18.1% received endocrine therapy in combination with targeted 
therapy. No first-line systemic therapy was given to 6.5% of patients. 

Nearly three-quarters of patients aged 75 years and older with hor
mone receptor-positive disease were treated with first-line endocrine 
therapy: 49.5% as monotherapy and 24.0% combined with targeted 

Table 1 
Patient and tumour characteristics.   

<65 years 65–74 
years 

≥75 years p- 
value* 

Number of patients 1801 458 463  

Median age (range) 52 (22–64) 69 (65–74) 
82 
(75–102)  

Year of inclusion    0.45 
2005–2008 322(17.9) 79 (17.2) 85 (18.4)  
2009–2012 388 (21.5) 78 (17.0) 98 (21.2)  
2013–2016 438 (24.3) 123 (26.9) 108 (23.3)  
2017–2021 653 (36.3) 178 (38.9) 172 (37.1)   

Morphology    <0.001 
Lobular 73 (4.1) 34 (7.4) 37 (8.0)  

Ductal 
1445 
(80.2) 343 (74.9) 342 (73.9)  

Combination 29 (1.6) 7 (1.5) 2 (0.4)  
Other 254 (14.1) 74 (16.2) 82 (17.7)   

ER and/or PR status    0.41 
Negative 769 (42.7) 206 (45.0) 180 (38.9)  

Positive 
1020 
(56.6) 248 (54.1) 279 (60.2)  

Unknown 12 (0.7) 4 (0.9) 4 (0.9)   

Number of metastatic 
sites    <0.001 
1 962 (53.4) 207 (45.2) 262 (56.6)  
2 472 (26.2) 119 (26.0) 114 (24.6)  
≥3 367 (20.4) 132 (28.8) 87 (18.8)   

Metastatic site**     

Bone 
1070 
(59.4) 280 (61.1) 261 (56.4) 0.32 

Lung 388 (21.5) 149 (32.5) 153 (33.0) <0.001 
Liver 840 (46.6) 178 (38.9) 146 (31.5) <0.001 
Brain 60 (3.3) 14 (3.1) 16 (3.5) 0.94 
Distant lymph nodes 463 (25.7) 165 (36.0) 126 (27.2) <0.001 
Other/unknown 191 (10.6) 52 (11.4) 42 (9.1) 0.50  

* A p-value of 0.05 was considered statistically significant. 
** Higher total number as several patients had more than one metastatic site. 

Fig. 1. First-line treatment allocation over time per age group. 
All figures are shown as three-year moving means. 
*Only hormone receptor-positive tumours included. 
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therapy (Fig. 2B). Chemotherapy in combination with targeted therapy 
was prescribed in 11.8% of patients, and 1.4% of patients received 
chemotherapy as monotherapy. Moreover, 12.2% of patients had no 
first-line systemic therapy. 

6. Survival 

6.1. Overall Survival 

Median follow-up was 6.55 years (IQR 3.87–9.76). Median overall 
survival was 3.19 years (IQR 1.16–7.58) and was statistically signifi
cantly different per age group and after adjusting for tumour- and first- 
line systemic treatment characteristics (Table 2). Median overall sur
vival was lowest for the oldest age group (1.30 [IQR 0.37–3.15] years), 
followed by patients between 65 and 74 years of age (2.04 [IQR 
0.64–5.19] years) and was highest for the youngest age group (4.34 
[IQR 1.83–10.23] years), p < 0.001. The overall survival of the whole 
cohort of patients improved statistically significantly over time (multi
variable-adjusted hazard ratio [HR] 0.94, 95% confidence interval [CI] 
0.93–0.95 per year, p < 0.001) (Fig. 3). 

6.2. Relative Survival 

The RER has improved over time for the entire cohort (multivariable- 
adjusted RER 0.93, 95% CI 0.92–0.94 per year, p < 0.001), indicating 
increased relative survival over the years of 7% (Fig. 4). The improve
ment was observed in all age groups, and was largest in the youngest age 
group (multivariable-adjusted RER 0.93, 95% CI 0.91–0.94 per year, p 
< 0.001) and patients aged 65–74 years of age (multivariable-adjusted 
RER 0.93, 95% CI 0.91–0.96 per year, p < 0.001), followed by patients 
over 75 (multivariable-adjusted RER 0.96, 95% CI 0.93–0.98 per year, p 
= 0.001). 

7. Discussion 

This population-based study showed that between 2005 and 2021, 
the use of first-line chemotherapy and targeted therapy for patients with 
HER2-overexpressing de novo metastatic breast cancer increased in all 
age groups, while the use of first-line endocrine therapy, both as mon
otherapy and in combination with targeted therapy, decreased. Over the 
same period, both overall survival and relative survival improved for 
every age group. Nevertheless, survival was still statistically signifi
cantly better for patients younger than 65 years of age than for those 
older than 65, and the greatest improvement over time was observed in 
the youngest age group. 

Most guidelines recommend a combination of targeted therapy and 
chemotherapy as first-line treatment for patients with HER2- 
overexpressing metastatic breast cancer, except for those with conges
tive heart failure or a severely reduced left ventricular ejection fraction 
(LVEF), who should first undergo an individual risk evaluation [14–16]. 
Therefore, it seems plausible that older patients are less likely to receive 
targeted therapy because of an increased occurrence of congestive heart 
failure, a higher risk of reduced LVEF, and an increased risk of cardiac 
adverse events from targeted therapy with increasing age [6,17]. The 
lack of specific guidance for older patients due to the fact that most 
guidelines have been based on trials conducted in fit younger patients 
may further lead to treatment variation in the older population [18]. It is 
therefore not surprising that the overall percentage of patients receiving 
the preferred first-line treatment decreased with advancing age (<65 
years: 69.4%, 65–74 years: 51.3%, ≥75 years: 23.5% of patients 
received a combination of targeted therapy and chemotherapy). Yet, the 
lower use of the preferential treatment in the middle and oldest age 
groups cannot be entirely attributed to heart failure or frailty, as the 
number of patients not treated with this therapy is higher than the 
prevalence of these conditions in the general older population [19,20]. 
Unfortunately, this late introduction of new therapies is often at the 
expense of potential survival gains for older patients. Moreover, some 
patients can continue targeted therapy despite a reduced LVEF [21–23]. 

Differences in treatment allocation in older versus younger patients 
with HER2-overexpressing breast cancer have also been investigated in 
other countries. In a recent French study by Annonay and colleagues, 
89.1% of patients younger than 70 years compared to 65.0% of patients 
aged 70 years and older received targeted therapy in combination with 
chemotherapy [24]. These are much higher percentages than found in 
our study (<65 years: 69.4%, 65–74 years: 51.3%, ≥75 years: 23.5%). A 
combination of endocrine therapy and targeted therapy was rarely given 
in France: 1.5% of patients aged <70 and 7.7% of patients aged ≥70, 
while 63.0% versus 68.8% of patients had hormone receptor-positive 
tumours, respectively. The studies are, however, not completely com
parable for several reasons: the French study only selected patients from 
18 comprehensive cancer centers if patients had not received first-line 

Fig. 2. First-line systemic treatment schedule per age group between 2005 and 2021 for patients with hormone receptor-negative (A) and hormone receptor-positive 
(B) disease. 
Abbreviations: TT – Targeted Therapy; CT – Chemotherapy; ET – Endocrine Therapy 

Table 2 
Comparison of unadjusted and adjusted overall mortality between the age 
groups.   

Crude HR (95% CI) Adjusted HR (95% CI)* Adjusted HR (95% 
CI)** 

<65y 1 (reference) 1 (reference) 1 (reference) 
65- 

74y 1.79 (1.58–2.03) 1.65 (1.46–1.87) 1.44 (1.27–1.63) 
≥75y 2.70 (2.40–3.04) 2.74 (2.44–3.09) 1.75 (1.53–1.99) 

HR: hazard ratio, CI: confidence interval. 
* Adjusted for tumour characteristics: grade, morphology, hormone receptor- 

status, and number of metastatic sites. 
** Adjusted for tumour- and first-line systemic treatment characteristics (i.e., 

chemotherapy, endocrine therapy, and targeted therapy). 
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treatment elsewhere, they used a different age cut-off, their time win
dow was shorter (2008–2016), no distinction between hormone 
receptor-status was made, and they also included patients whose breast 
cancer had recurred after initial diagnosis and treatment. Another, 
observational study (registHER) from the United States that included 
patients with recurrent metastatic HER2-overexpressing breast cancer or 
de novo metastatic breast cancer diagnosed between 2003 and 2006 
found that 57.2% of patients aged <65 years, 56.9% of patients aged 
65–74, and 46.2% of patients aged ≥75 years received a combination of 
chemotherapy and targeted therapy [25]. These percentages are high for 
that period, but it may have to do with the fact that relatively healthy 
patients are included in these studies. Numbers were also very small, 
whereas our study addressed an unselected nationwide cohort of pa
tients with only de novo metastatic breast cancer. However, it may be 
possible that Dutch clinicians are more reluctant to administer these 
types of therapy, for instance for fear of side effects. 

Although no distinction in hormone receptor status was made in the 
aforementioned studies from France and the United States, endocrine 
therapy can be considered as a substitution of chemotherapy in patients 
with hormone receptor-positive disease, especially if patients have 
contraindications for chemotherapy or if the tumour is not rapidly 
progressive and without multiorgan metastases [18,26]. HER2- 
overexpressing tumours have previously been shown to be associated 
with a negative hormone receptor status [27]. Yet 57% of all patients 
included in the current study had hormone receptor-positive disease. 
Older patients are usually more likely to have hormone receptor-positive 
disease than younger patients, but, remarkably, the number of patients 
with a positive hormone receptor status did not differ between the age 
groups in the current study [28,29]. Nevertheless, endocrine therapy 

was prescribed more frequently in the older population. Moreover, pa
tients with hormone receptor-negative disease, which is generally 
considered a more aggressive form of breast cancer, were more often 
denied any type of first-line systemic therapy than patients with hor
mone receptor-positive disease. 

In early-stage breast cancer, we have previously demonstrated that 
survival gains in older patients lag behind those of younger patients 
[30]. Also, in the entire Dutch cohort of older women with de novo 
metastatic disease, hardly any survival gain was achieved in older pa
tients (with all types of breast cancer) between 1990 and 2012 [31]. In 
sharp contrast, we demonstrated an increase in survival for all age 
groups in patients with HER2-overexpressing breast cancer, even after 
adjusting for tumour and treatment characteristics. Most likely, this was 
a result of the increased availability of active agents and use of targeted 
therapy. The relatively lower survival gain for the older population may 
again be attributable to a delay in the introduction of the next line of 
anti-HER2 therapies, such as pertuzumab, trastuzumab-emtansine 
(TDM1), and tucatinib, especially because the survival in patients with 
metastatic breast cancer is likely to be dominated by breast cancer rather 
than competing risks [32]. Moreover, the median overall survival in the 
current study was worse than in the French study: 3.2 years compared to 
4.1 years, respectively (<70: 4.5 years, ≥70: 2.9 years in French pa
tients, compared to <65: 4.3 years, 65–74: 2.0 years, ≥75: 1.3 years in 
our study). Unfortunately, the breast cancer-specific survival was not 
analysed in that study. Again, the study design makes it difficult to draw 
firm conclusions about the differences between the two studies, but the 
increased use of targeted therapy in the French study could imply that 
the Netherlands may achieve further survival gain by prescribing 
“standard” therapy. However, this also largely depends on patient 

Fig. 3. Five-year overall survival over time per age group. 
Data is shown as three-year moving means. The hazard ratios (HR) and 95% confidence intervals are adjusted for age at diagnosis, grade, morphology, hormone 
receptor-status, and number of metastatic sites. 
HR – Hazard Ratio. 

Fig. 4. Five-year relative survival over time per age group. 
Data is shown as three-year moving means. The relative excess risks (RER) and 95% confidence intervals are adjusted for age at diagnosis, grade, morphology, 
hormone receptor-status, and number of metastatic sites. 
RER – Relative Excess Risk. 
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characteristics, such as comorbidity and treatment preferences. To bet
ter individualise treatment, further research should focus on the effect of 
treatment in patients from specific subgroups (e.g., patients with co
morbidity or frailty) and the impact of therapy on quality of life and 
independence [33,34]. Moreover, therapy is led by diagnostics and the 
available data revealed an increasing proportion of patients with un
determined or unknown HER2-status with advancing age (ranging from 
0% in patients aged 20–29 years up to 30.4% in patients aged 90–99 
years). Of note, in the early years of trastuzumab use, the side effect 
heart failure received a considerable amount of attention. Furthermore, 
HER2 diagnostics were still considered cumbersome and expensive and 
were therefore typically omitted in patients known to have heart failure, 
which is more common in older patients. This omission deserves 
attention, as it may only be justified in patients who are unsuitable for 
therapy or have other preferences, but it already seems to be improving 
as targeted therapy use continues. 

The main strength of this study is the inclusion of all patients with 
HER2-overexpressing de novo metastatic breast cancer diagnosed in the 
Netherlands, resulting in many patients with detailed information on 
tumour and treatment characteristics over a long period of time 
collected by the quality-assured Netherlands Cancer Registry. The study 
also has its limitations. No detailed information was available on factors 
that particularly affect treatment decisions and outcomes in the older 
population, such as patient characteristics (e.g., comorbidity, poly
pharmacy, geriatric characteristics), patient preferences, or toxicity. 
Therefore, it was not possible to discuss whether patients should have 
been treated according to the guidelines. As the Netherlands Cancer 
Registry collected data until one year after diagnosis, we only included 
de novo metastatic breast cancer and the first-line treatment allocation. 
Inclusion of second-line therapies and patients whose breast cancer had 
recurred after initial diagnosis and treatment might have resulted in 
different treatment and survival rates compared to patients with recur
rent metastatic disease [35,36]. Finally, we were unable to assess long- 
term progression-free survival and breast cancer-specific survival, 
because this information was not available and the cause of death was 
not recorded. However, we do believe that relative survival is a valid 
proxy for breast cancer-specific survival, especially for the older popu
lation in whom autopsies are often omitted [37,38]. 

In conclusion, the use of first-line chemotherapy and targeted ther
apy has increased in all age groups, while the use of endocrine therapy 
has decreased over time. The uptake of chemotherapy and targeted 
therapies, however, has been substantially slower in the oldest age 
groups, which may not be fully attributable to the prevalence of heart 
failure or frailty in these age groups. This study also showed that both 
overall survival and relative survival improved for every age group in 
patients with HER2-overexpressing metastatic breast cancer, albeit with 
the smallest improvements in the oldest age group. 
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[15] Gennari A, André F, Barrios CH, Cortés J, de Azambuja E, DeMichele A, et al. ESMO 
Clinical Practice Guideline for the diagnosis, staging and treatment of patients with 
metastatic breast cancer<sup>&#x2606;</sup>. Ann Oncol 2021;32(12): 
1475–95. 

[16] Gradishar WJ, Moran MS, Abraham J, Abramson V, Aft R, Agnese D, et al. NCCN 
guidelines® insights: breast Cancer, version 4.2023: featured updates to the NCCN 
guidelines. J Natl Compr Canc Netw 2023;21(6):594–608. 

[17] Mantarro S, Rossi M, Bonifazi M, D’Amico R, Blandizzi C, La Vecchia C, et al. Risk 
of severe cardiotoxicity following treatment with trastuzumab: a meta-analysis of 
randomized and cohort studies of 29,000 women with breast cancer. Intern Emerg 
Med 2016;11(1):123–40. 

[18] Brain E, Caillet P, de Glas N, Biganzoli L, Cheng K, Lago LD, et al. HER2-targeted 
treatment for older patients with breast cancer: an expert position paper from the 
International Society of Geriatric Oncology. J Geriatric Oncol 2019;10(6):1003–13. 

[19] Thomas S, Rich MW. Epidemiology, pathophysiology, and prognosis of heart 
failure in the elderly. Heart Fail Clin 2007;3(4):381–7. 

A. Lemij et al.                                                                                                                                                                                                                                   

https://doi.org/10.1016/j.jgo.2024.101805
https://doi.org/10.1016/j.jgo.2024.101805
https://iknl.nl/kankersoorten/borstkanker/registratie/prevalentie
https://iknl.nl/kankersoorten/borstkanker/registratie/prevalentie
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0010
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0010
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0010
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0010
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0015
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0015
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0015
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0020
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0020
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0025
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0025
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0025
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0030
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0030
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0030
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0035
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0035
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0035
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0040
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0040
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0040
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0040
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0040
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0045
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0045
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0050
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0050
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0050
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0050
https://iknl.nl/nkr
https://iknl.nl/nkr
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0060
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0060
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0065
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0065
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0065
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0070
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0070
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0070
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0075
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0075
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0075
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0075
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0080
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0080
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0080
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0085
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0085
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0085
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0085
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0090
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0090
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0090
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0095
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0095


Journal of Geriatric Oncology 15 (2024) 101805

7

[20] Campen van C. Kwetsbare ouderen - SCP repository. 2011. 
[21] Nowsheen S, Aziz K, Park JY, Lerman A, Villarraga HR, Ruddy KJ, et al. 

Trastuzumab in female breast Cancer patients with reduced left ventricular 
ejection fraction. J Am Heart Assoc 2018;7(15):e008637. 

[22] Hussain Y, Drill E, Dang CT, Liu JE, Steingart RM, Yu AF. Cardiac outcomes of 
trastuzumab therapy in patients with HER2-positive breast cancer and reduced left 
ventricular ejection fraction. Breast Cancer Res Treat 2019;175(1):239–46. 

[23] Leong DP, Cosman T, Alhussein MM, Kumar Tyagi N, Karampatos S, Barron CC, 
et al. Safety of continuing Trastuzumab despite mild cardiotoxicity: a phase I trial. 
JACC: Cardio Oncol 2019;1(1):1–10. 

[24] Annonay M, Gauquelin L, Geiss R, Ung M, Cristol-Dalstein L, Mouret-Reynier MA, 
et al. Treatment and outcomes of older versus younger women with HER2-positive 
metastatic breast cancer in the real-world national ESME database. Breast 2021;60: 
138–46. 

[25] Kaufman PA, Brufsky AM, Mayer M, Rugo HS, Tripathy D, Yood MU, et al. 
Treatment patterns and clinical outcomes in elderly patients with HER2-positive 
metastatic breast cancer from the registHER observational study. Breast Cancer Res 
Treat 2012;135(3):875–83. 

[26] Hua X, Bi X-W, Zhao J-L, Shi Y-X, Lin Y, Wu Z-Y, et al. Trastuzumab Plus Endocrine 
Therapy or Chemotherapy as First-line Treatment for Patients with Hormone 
Receptor–Positive and HER2-Positive Metastatic Breast Cancer (SYSUCC-002). Clin 
Cancer Res 2022;28(4):637–45. 

[27] Konecny G, Pauletti G, Pegram M, Untch M, Dandekar S, Aguilar Z, et al. 
Quantitative association between HER-2/neu and steroid hormone receptors in 
hormone receptor-positive primary breast cancer. J Natl Cancer Inst 2003;95(2): 
142–53. 

[28] Hwang K-T, Kim J, Jung J, Chang JH, Chai YJ, Oh SW, et al. Impact of breast 
Cancer subtypes on prognosis of women with operable invasive breast Cancer: a 
population-based study using SEER database. Clin Cancer Res 2019;25(6):1970–9. 

[29] Lemij AA, Bastiaannet E, de Glas NA, van den Bos F, Portielje JEA, Liefers G-J, et al. 
Breast cancer in the older population: a global challenge—an epidemiological 
perspective. Annals of Breast Surgery 2022;7. 

[30] de Glas N, Bastiaannet E, de Boer A, Siesling S, Liefers GJ, Portielje J. Improved 
survival of older patients with advanced breast cancer due to an increase in 
systemic treatments: a population-based study. Breast Cancer Res Treat 2019;178 
(1):141–9. 

[31] de Glas NA, Bastiaannet E, de Craen AJM, van de Velde CJH, Siesling S, Liefers GJ, 
et al. Survival of older patients with metastasised breast cancer lags behind despite 
evolving treatment strategies – a population-based study. Eur J Cancer 2015;51(3): 
310–6. 

[32] de Boer AZ, Bastiaannet E, Schetelig J, de Glas NA, Manevksi D, Putter H, et al. 
Breast cancer mortality of older patients with and without recurrence analysed by 
novel multi-state models. Eur J Cancer 2022;174:212–20. 

[33] Baltussen JC, de Glas NA, van Holstein Y, van der Elst M, Trompet S, Uit den 
Boogaard A, et al. Chemotherapy-related toxic effects and quality of life and 
physical functioning in older patients. JAMA Netw Open 2023;6(10):e2339116. 

[34] Dal Lago L, Uwimana AL, Coens C, Vuylsteke P, Curigliano G, Brouwers B, et al. 
Health-related quality of life in older patients with HER2+ metastatic breast 
cancer: comparing pertuzumab plus trastuzumab with or without metronomic 
chemotherapy in a randomised open-label phase II clinical trial. J Geriatric Oncol 
2022;13(5):582–93. 

[35] Vandone AM, Garrone O, Vanella P, Brizio R, Miraglio E, Comino A, et al. Breast 
cancer with synchronous and metachronous metastatic spreading. A single 
institution experience. Ann Oncol 2016;27:iv62. 

[36] de Maar JS, Luyendijk M, Suelmann BBM, van der Kruijssen DEW, Elias SG, 
Siesling S, et al. Comparison between de novo and metachronous metastatic breast 
cancer: the presence of a primary tumour is not the only difference—a Dutch 
population-based study from 2008 to 2018. Breast Cancer Res Treat 2023;198(2): 
253–64. 

[37] Dignam JJ, Huang L, Ries L, Reichman M, Mariotto A, Feuer E. Estimating breast 
cancer-specific and other-cause mortality in clinical trial and population-based 
cancer registry cohorts. Cancer 2009;115(22):5272–83. 

[38] Latten BGH, Kubat B, van den Brandt PA, Zur Hausen A, Schouten LJ. Cause of 
death and the autopsy rate in an elderly population. Virchows Arch 2023;1-8. 

A. Lemij et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0100
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0105
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0105
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0105
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0110
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0110
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0110
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0115
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0115
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0115
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0120
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0120
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0120
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0120
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0125
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0125
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0125
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0125
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0130
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0130
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0130
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0130
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0135
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0135
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0135
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0135
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0140
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0140
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0140
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0145
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0145
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0145
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0150
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0150
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0150
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0150
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0155
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0155
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0155
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0155
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0160
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0160
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0160
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0165
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0165
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0165
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0170
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0170
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0170
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0170
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0170
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0175
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0175
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0175
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0180
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0180
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0180
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0180
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0180
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0185
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0185
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0185
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0190
http://refhub.elsevier.com/S1879-4068(24)00103-6/rf0190

	A comparison of treatment allocation and survival between younger and older patients with HER2-overexpressing de novo metas ...
	1 Introduction
	2 Methods
	2.1 Statistical Analysis

	3 Results
	4 Tumour Histology and Hormone Receptor Status
	5 First-Line Treatment
	5.1 Hormone Receptor-Negative Disease
	5.2 Hormone Receptor-Positive Disease

	6 Survival
	6.1 Overall Survival
	6.2 Relative Survival

	7 Discussion
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


