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A B S T R A C T   

Background: With the introduction of investigational human epidermal growth factor receptor 2 (HER2) targeting 
treatments, thorough understanding of breast cancer with different HER2 expression levels is critical. The aim of 
this study was to compare clinicopathologic characteristics and survival of patients with metastatic breast cancer 
according to the level of HER2 expression. 
Methods: Women with distant metastatic breast cancer during 2008–2016 were selected from PALGA, the Dutch 
Pathology Registry, and linked to the PHARMO Database Network. Breast cancer samples were categorised as 
HER2 immunohistochemistry score 0 (IHC0), HER2-low or HER2+. 
Results: Among women with hormone receptor (HR) positive metastatic breast cancer (n = 989), 373 (38%) 
cancers were HER2 IHC0, 472 (48%) were HER2-low and 144 (15%) were HER2+. Among HR negative patients 
(n = 272), the proportion of HER2 IHC0, HER2-low and HER2+ was 110 (40%), 104 (38%) and 58 (21%) 
respectively. 
Within the HR + cohort, patients with HER2 IHC0 or HER2-low cancer were significantly older compared to 
HER2+ patients. This age difference was not seen in the HR-cohort. The localisation of distant metastases 
differed significantly between HER2 IHC0 or HER2-low versus HER2+ cases. Survival rates did not differ 
markedly by subtypes. 
Conclusion: Substantial proportion of patients had a HER2-low breast cancer. No clear differences in survival 
were found when comparing HER2 and HR status. Getting more granular insights in the level of HER2 expression 
and addressing HER2-low as a separate category could help to assess the impact of emerging treatment strategies. 
Therefore, more detailed information on HER2 expression should be routinely reported.   

1. Background 

Breast cancer is the most frequently diagnosed solid cancer and is the 
leading cause of cancer related deaths amongst women worldwide [1]. 
In the year 2020, there were 2.3 million newly diagnosed women with 
breast cancer globally and around 685,000 deaths [1]. Although fea
tures of breast cancer are highly heterogenous, the increased under
standing of its molecular biology over the past three decades has led to 
novel targeted therapies that have improved patients’ outcomes [2,3]. 
Nonetheless, more knowledge about the biological and clinical features 

would help to further support optimal use of available and emerging 
therapeutic approaches. 

The human epidermal growth factor receptor 2 (HER2) is an 
important predictive and prognostic marker, commonly detected on the 
primary breast cancer and/or the distant metastases [4]. Immunohis
tochemistry (IHC) and in situ hybridization (ISH) are mainly used to 
determine HER2 status, which is used for treatment decisions [5]. In 
current clinical practice, HER2 status is classified dichotomously, as 
either positive (IHC3+ or IHC2+ ISH+) or negative (IHC0, IHC1+ or 
IHC2+ ISH-) [6]. However, as HER2 negative includes a wide spectrum 
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of HER2 expression levels, emerging treatment options underline the 
need for a more granular stratification including a HER2-low expression 
segment in which some expression of HER2 is seen (IHC score 2+ and 
ISH negative or IHC 1+ and ISH negative or untested), thus leaving 
HER2 negative as true negative (HER2 IHC0) [2,7]. Hormone receptor 
(HR) status of the oestrogen receptor (ER) and progesterone receptor 
(PR) are, next to HER2, routinely assessed in breast carcinoma to further 
assess the prognosis of the patient and to choose optimal treatment, i.e. 
endocrine therapy for HR positive breast cancer. 

HER2 is overexpressed in several cancer types, including breast and 
gastric tumours [8]. Previously, HER2+ breast cancer was associated 
with an aggressive biology, high recurrence and poor survival. However, 
due to agents targeting the HER2 pathway, prognosis has improved 
substantially [4,5,7]. Trastuzumab was the first agent developed to 
target the HER2 pathway. Due to the significant improvement in 
response rate, time to disease progression and survival, anti-HER2 tar
geted has become a standard therapeutic approach for HER2+ breast 
cancer [9]. However, most breast cancers are HER2 IHC0 or HER2-low 
(15–20% and 55–60%, respectively) while HER2+ is seen in about 
15–20% of the newly diagnosed patients [7,10–12]. Even though 
HER2-low breast cancer has some HER2 expression, it is generally 
considered and treated as HER2 negative [7]. Currently, there are 
several investigational HER2 targeting treatments, including the 
antibody-drug conjugate (ADC) trastuzumab-deruxtecan, whom in 
addition to their proven/established efficacy and safety in HER2+
metastatic BC are being evaluated in HER2-low expressing mBC [13]. To 
illustrate, trastuzumab-deruxtecan has resulted in a significant longer 
progression-free and overall survival in patients with HER2-low meta
static breast cancer compared to the physician’s choice of chemotherapy 
[13]. Therefore, a thorough understanding of the demographics and 
characteristics of patients with different levels of HER2 expression is 
critical to identify optimal patient populations per type of therapy. 

The aim of this retrospective study was to describe patient de
mographics, disease characteristics and survival in a population-based 
cohort of metastatic breast cancer patients in the Netherlands, strati
fied by HER2 and HR status in real-world clinical practice. While most 
previous studies only distinguished between HER2+ and HER2 negative 
breast cancer, we included HER2-low as a subcategory within HER2 
negative, to get more insight in the biology of HER2-low breast cancer 
[2,3,10–12,14]. 

2. Methods 

2.1. Data source 

Data from women with distant metastatic breast cancer were ob
tained from the Dutch Pathology Registry (PALGA), the nationwide 
network and registry of histo- and cytopathology in the Netherlands [15, 
16]. Records from PALGA were linked to the PHARMO Database 
Network [17]. This population-based network of electronic healthcare 
databases combines data from different primary and secondary health
care settings in the Netherlands [17]. These different data sources are 
linked on a patient level through validated algorithms [18]. A detailed 
description of the databases used for this study is included in previous 
published papers [16,17]. 

For the current study, permission has been obtained from PHARMO 
as well as the PALGA foundation to link the data with the PHARMO 
Database Network via a trusted third party. 

2.2. Patient selection 

All women diagnosed with distant metastatic breast cancer between 
January 1, 2008 until December 31, 2016 were selected from the linked 
Pathology Registry and Out-patient Pharmacy Database of the PHARMO 
Database Network. Distant metastatic breast cancer (at primary diag
nosis or during follow-up) was defined as breast cancer that was spread 

to distant organs, distant lymph nodes and/or distant skin localisation, 
according to the TNM classification [19]. 

The index date was defined as the date of the first occurrence of 
either hospitalization for metastatic disease, the first pathology report 
for distant metastatic breast cancer, or the first dispensing of a drug used 
to treat metastatic breast cancer. Patients were excluded if the HER2 
status was unknown, if data was not available in the Hospital Database 
of the PHARMO Database Network or of they could not be followed in 
the PHARMO Database Network around the index date. Women were 
followed until the end of data collection, death, or end of study period 
(December 31, 2017), whichever occurred first. 

2.3. Baseline characteristics 

Patient characteristics were determined at the index date and are 
presented for all women, overall and stratified by HR and HER2 status. 
Patient characteristics include age (categorised, mean ± standard de
viation (SD)), year of index date (categorised), length of available 
follow-up after index date in the PHARMO Database Network (years) 
(categorised, mean ± SD, median [IQR]) and site of distant metastases 
(skin, pleural fluid, liver, bones, lymph nodes, brain, other). Differences 
between patient characteristics were made between HER2 categories per 
HR status. 

Information on HER2 status was derived from the Dutch Pathology 
Registry, which included information on the results of the IHC and the 
ISH test to determine HER2 status, according to international guidelines 
[20,21]. If the result of the IHC test was equivocal, HER2 status was 
clarified with ISH. Breast cancers were categorised as HER2 IHC0, 
HER2-low or HER2+ according to Yao et al. (see Table 1) [5]. As HER2 
status can differ between primary breast cancers and paired metastases, 
HER2 status of the metastases was used if available. If not available, 
information of the primary breast cancer was used. We also assessed 
differences in the level of HER2 expression between the primary tumour 
and the distant metastasis. 

Furthermore, women were categorised by HR status (HR positive or 
HR negative). According to the Dutch guideline for breast cancer 
treatment, ER and PR are considered positive in case more than 10% of 
tumour cells showed nuclear staining [22]. This information was also 
derived from the Pathology Registry (see Table 1). 

2.4. Survival 

Survival of distant metastatic breast cancer patients was determined 
after the index date and was presented per HER2 and HR status. 
Furthermore, comparisons in survival were made between the three 
HER2 categories (HER2 IHC0, HER2-low and HER2+) per HR status. 

Table 1 
Definition of HR and HER2 status.  

HRa ER PR 

Positive + +

+ – 
– +

Negative – – 
HER2 IHC ISH 
overexpression (HER2+) 3+ – 

2+ +

1+ +

low expression (HER2-low) 2+ – 
1+ – 
1+ Unknown 

negative (HER2 IHC0) 0 –  

a Cut-off for HR positive versus negative was 10%. IHC, Immunohistochem
istry; ISH, In Situ Hybridization; HR, hormone receptor; ER, Oestrogen Receptor; 
PR, Progesterone receptor [6]. 
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2.5. Statistical analysis 

Categorical data are presented as counts (n) and proportions (%) and 
continuous data are presented as means with standard deviation (SD) 
and/or medians with interquartile range (IQR). Categorical character
istics were assessed with chi-squared tests, normally distributed 
continuous characteristics were compared using t-tests and skewed 
characteristics were analysed using Mann Whitney U tests. Comparison 
of survival was analysed with a Cox regression model with age and year 
of index date (to account for newer treatments coming available over the 
years) as covariates in the model. The results are presented in a Kaplan- 
Meier plot by HER2 and HR status. Statistical analysis was performed by 
SAS programs organised within SAS Enterprise Guide version 8.2 (SAS 
Institute Inc., Cary, NC, USA) and conducted under Windows using SAS 
version 9.4. A statistical test result was considered significant when p ≤
0.05. 

3. Results 

3.1. Selection of the study population 

1478 women with a diagnosis of distant metastatic breast cancer and 
detailed HER2 information were identified from the linked Pathology 
Registry and Out-patient Pharmacy Database of the PHARMO Database 
Network cohort between 2008 and 2016. The HR status was unknown 
for 217 patients, resulting in 1261 women included in this study (Fig. 1). 

3.2. HER2 and HR status distribution 

Among women with HR + breast cancer (n = 989), 373 (38%) were 
classified as HER2 IHC0, 472 (48%) as HER2-low and 144 (15%) as 
HER2+. Furthermore, among women with HR-breast cancer (n = 272), 
the number of women with HER2 IHC0, HER2-low expression and 
HER2+ was correspondingly: 110 (40%), 104 (38%) and 58 (21%) 
(Fig. 1). 

For 664 out of 1261 women (52%), HER2 status of the metastases 
was available (Fig. 2), We determined HER2 status of the primary 
tumour versus HER2 status of the distant metastases. For 309 women, 
detailed HER2 information (0, low, +) was available of both the primary 
tumour as well as the distant metastases (Fig. 2). In 179 out of 309 
patients (58%), there was no difference in the level of HER2 expression. 
In the remaining patients (n = 130, 42%), there was a difference in the 
level of HER2 expression between the primary tumour and the distant 
metastases. Mostly, a HER2-low primary breast cancer versus HER2 
IHC0 metastases was observed (n = 44/309, 14%), or vice versa (n =
49/309, 16%). A conversion from a HER2+ primary tumour to a HER2 
IHC0 or HER2-low distant metastasis or the other way around occurred 
in 22 (out 309, 7%) and 15 (out of 309, 5%) of the patients, respectively. 

3.3. Characteristics of the study population 

Within the HR + breast cancer cohort, women with HER2 IHC0 or 
HER2-low cancer (mean age 61 and 62 years respectively) were older 
compared to women with HER2+ breast cancer (mean age 57 years) (p 
< 0.01). Among HR-breast cancer patients, mean age at index date was 
58–59 years and did not differ significantly between the different HER2 
categories (Table 2). Year of index date differed significantly between 
women with HER2 IHC0 or HER2-low and HER2+ cancer; a diagnosis of 
HER2+ breast cancer was more frequently seen in earlier years 
compared to a or HER2 IHC0 diagnosis in the HR + group. Concerning 
the HR-group, this difference was only observed when comparing HER2- 
low and HER2+. Mean length of available follow-up ranged from 2.4 to 
2.9 years in women with HR-disease and 2.8–3.0 years in women with 
HR + breast cancer (Table 2). 

The site of metastases was assessed among all women and those cases 
with more than one metastatic location were included in more than one 
category. Among women with HR+ and HER2 IHC0 or HER2-low can
cer, the bone was the most commonly diagnosed site of metastases, 
followed by the liver. Among women with HR- and HER2 IHC0 or HER2- 
low cancer, pleural fluid was the most commonly identified site of me
tastases. Among women with HR + or HR- and HER2+ cancer, the liver 
was the most commonly diagnosed site of metastases (Table 2). In the 
HR + group, women with HER2 IHC0 or HER2-low cancer more often 
developed pleural fluid and bone metastases and less often brain me
tastases compared to women with HER2+ disease. In the HR-group, 
women with HER2-low and HER2 IHC0 cancer were less often diag
nosed with brain metastases than HER2+ patients (Table 2). 

3.4. Survival 

The results regarding survival after the index date are illustrated in 
Fig. 3. The median overall survival in this study ranged from 1.9 years 
for HR-/HER2 IHC0 to 4.6 years for HR+/HER2+ breast cancer patients. 
Five years after index date the survival was lowest amongst women with 
HR-/HER2 IHC0 breast cancer (28%) and highest among women with 
HR+/HER2+ breast cancer (48%). Furthermore, 5-year overall survival 
rates for HER2-low metastatic breast cancer patients were 45% and 32% 
for HR+ and HR-women respectively. No significant differences in 
survival among women with breast cancer were found when comparing 
the different HER2 classes, nor when comparing the HR+ and HR- 
groups. 

4. Discussion 

The aim of this retrospective study was to describe patient de
mographics, disease characteristics and survival in a population-based 
cohort of metastatic breast cancer patients in the Netherlands, 

N = 1,478

N = 217

N = 989

N = 373 N = 472 N = 144

N = 272

N = 110 N = 104 N = 58

Fig. 1. Flow chart of patient selection. PHARMO, PHARMO Database Network; HR, hormone receptor.  
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Fig. 2. HER2 status of the primary tumour versus HER2 status of the distant metastases.  

Table 2 
Demographics and baseline characteristics of the study population.   

HR positive HR negative 

HER2 
IHC0 

HER2-low HER2+ -vs 
low 

-vs 
+

low 
vs 
+

HER2 
IHC0 

HER2-low HER2+ -vs 
low 

-vs 
+

low 
vs 
+

N = 373 N = 472 N = 144    N = 110 N = 104 N = 58    

n (%) n (%) n (%) p- 
val 

p- 
val 

p- 
val 

n (%) n (%) n (%) p- 
val 

p- 
val 

p- 
val 

Age (years)    0.96 <.01 <.01    0.58 0.78 0.94 
≤35 5 (1) 6 (1) 6 (4)    3 (3) 4 (4) 1 (2)    
36-49 67 (18) 76 (16) 42 (29)    30 (27) 19 (18) 11 (19)    
50-59 100 (27) 126 (27) 27 (19)    33 (30) 36 (35) 21 (36)    
60-69 102 (27) 133 (28) 41 (28)    21 (19) 24 (23) 12 (21)    
≥70 99 (27) 131 (28) 28 (19)    23 (21) 21 (20) 13 (22)    
Mean ± SD 61.0 ±

12.0 
62.0 ±
12.9 

57.2 ±
13.5    

57.9 ±
13.8 

59.0 ±
13.8 

58.9 ±
11.7    

Year of index date    0.55 <.01 <.01    0.56 0.05 <.01 
<2008a 13 (3) 13 (3) 6 (4)    2 (2) 0 (<0.5) 6 (10)    
2008–2010 93 (25) 124 (26) 62 (43)    35 (32) 33 (32) 13 (22)    
2011–2013 120 (32) 168 (36) 37 (26)    36 (33) 33 (32) 23 (40)    
2014–2016 147 (39) 167 (35) 39 (27)    37 (34) 38 (37) 16 (28)    
Length of available follow-up 

(years)    
0.21 0.41 0.97    0.30 0.32 0.38 

<1 76 (20) 110 (23) 32 (22)    27 (25) 26 (25) 14 (24)    
1-<2 93 (25) 115 (24) 33 (23)    34 (31) 29 (28) 16 (28)    
2-<3 57 (15) 78 (17) 24 (17)    20 (18) 15 (14) 5 (9)    
3-<4 64 (17) 55 (12) 16 (11)    7 (6) 16 (15) 6 (10)    
≥4 83 (22) 114 (24) 39 (27)    22 (20) 18 (17) 17 (29)    
Mean ± SD 2.8 ± 2.2 2.8 ± 2.4 3.0 ± 2.5    2.4 ± 2.2 2.5 ± 2.1 2.9 ± 2.5    
Site of distant metastasesb             

Skin 34 (9) 36 (8) 10 (7) 0.44 0.43 0.79 10 (9) 7 (7) 5 (9) 0.52 0.92 0.66 
Pleural fluid 79 (21) 85 (18) 16 (11) 0.25 <.01 0.05 27 (25) 21 (20) 10 (17) 0.45 0.28 0.65 
Liver 85 (23) 105 (22) 37 (26) 0.85 0.49 0.39 24 (22) 13 (13) 13 (22) 0.07 0.93 0.10 
Bones 93 (25) 116 (25) 18 (13) 0.91 <.01 <.01 9 (8) 14 (13) 11 (19) 0.21 0.04 0.35 
Lymph nodes 48 (13) 35 (7) 23 (16) <.01 0.36 <.01 14 (13) 16 (15) 4 (7) 0.58 0.25 0.12 
Brain 11 (3) 21 (4) 19 (13) 0.26 <.01 <.01 9 (8) 5 (5) 10 (17) 0.32 0.08 <.01 
Otherc 82 (22) 127 (27) 41 (28) 0.10 0.12 0.71 35 (32) 41 (39) 12 (21) 0.25 0.13 <.01  

a As the date of biopsy of distant metastatic breast cancer may not represent the actual, earlier date of distant metastatic breast cancer diagnosis, the date of diagnosis 
was shifted when a hospitalization for distant metastatic disease or a dispensing of a drug to treat metastatic breast cancer was seen before the date of distant metastatic 
breast cancer biopsy, but after primary breast cancer diagnosis. As a result, for a small proportion of women the year of index date was before 2008. 

b Multiple sites of metastases per patient is possible. 
c Only sites of metastases occurring in more than 5% of the study population are presented and all others were placed in the ‘other’ category which included 

metastases to the gall bladder, bowel, adrenal gland, bladder, mamma (other site), endometrium, cervix, ovary, peritoneum, stomach, vertebra, axilla, lung, soft tissue, 
bronchus, and abdominal cavity. HR, Hormone Receptor; -: HER2 IHC0. 
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stratified by HER2 and HR status in real-world clinical practice. Rather 
than stratifying by HER2+ versus HER2 negative, this study also 
included HER2-low as a distinct category within HER2 negative breast 
cancer. 

For a substantial proportion of women included in our study (42%), a 
difference existed in the level of HER2 expression between the primary 
tumour and the distant metastases. Previous literature has also shown 
that discrepancies, previously defined as overexpression versus no 
overexpression, exist and can be explained by several reasons such as 
interpretation difficulties, heterogeneity of HER2 amplification and 
change in HER2 status over time [4,23,24]. It is therefore of high 
importance to assess HER2 status in both the primary tumour and the 
distant metastases, to rule out discrepancies and to guarantee optimal 
care [4]. Nonetheless, due to heterogeneity of the disease, there is often 
still some discrepancy which cannot be ruled out [25]. However, with 
the introduction of novel HER2 targeting treatment options, differences 
between HER2 IHC0 and HER2-low could become clinically relevant. 
Though, the lower threshold for HER expression in relation to therapy 
response is unknown, since the Destiny-Breast04 study did not include 
patients with IHC0 breast cancer. In the DAISY trial, a cohort of patients 
with IHC0 was included, according to the current version of the 
ASCO/CAP guidelines [26]. A substantial proportion of these patients 
(30%) responded to trastuzumab-deruxtecan [26]. This raises the 
question whether the difference between HER2 IHC0 and HER2-low 
remains clinically relevant. 

The distribution of HER2 expression levels among women with HR +
breast cancer was HER2 IHC0 (38%), HER2-low (48%) and HER2+
(15%). Among women with HR-disease, this distribution was 40%, 38% 

and 21% respectively. Therefore, the HER2-low category should be 
recognized as a considerable number of patients that could have an 
indication for novel anti-HER2 agents [7]. Prior available literature 
shows that around 10–12% of breast cancers are HER2+ in the 
Netherlands [27]. The slightly high rate of HER2+ cases in our study, 
which were mainly detected in the earlier years of the study period, 
might be explained by false-positivity in the early years of HER2 testing 
[28]. In our study, 78% of patients had a HR + breast tumour, which is 
in line with previous reports [27,29]. 

In our study, 20% of the patients were still alive after 10 years. Based 
on data from IKNL, 10-year survival data among women with stage IV 
breast cancer at primary diagnosis was 12% [27]. However, it is difficult 
to compare these results, because the 10-year survival based on IKNL 
data only included women with metastatic disease at primary diagnosis, 
while we also included women with non-metastatic disease at primary 
diagnosis who developed metastases during follow-up. The median 
overall survival in our study ranged from 1.9 years for HR-/HER2 IHC0 
breast cancer to 4.6 years for HR+/HER2+ breast cancer. A recently 
published review indicated that the median overall survival for meta
static HR-/HER2 IHC0 breast cancer is approximately 1 year versus 
approximately 5 years for the other subtypes [30]. A potential expla
nation for this relatively favourable survival in our study is that we 
selected patients with confirmed distant metastases. Those patients that 
are fit for treatment might have been more likely to undergo a biopsy of 
the metastases compared to patients that are unfit for treatment since 
this would not have therapeutic consequences. Some recent studies also 
included HER2-low breast cancer as a distinct category, with conflicting 
results. In the study of Agostinetto et al. overall survival of patients with 

Fig. 3. Survival after index date among women with distant metastatic breast cancer, stratified by HR status and HER2. HR, Hormone Receptor Status.  
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HER2-low breast cancer did not significantly differ compared to patients 
with HER2+ or HER2 IHC0 breast cancer [3]. Likewise, the studies of 
Horisawa et al. and Schettini et al. compared the prognosis of HER2-low 
patients with that of HER2 IHC0 patients and did not observe a differ
ence in prognosis, regardless of HR status [12,14]. These findings are 
very much in line with our results (see Appendix, Table S1). On the other 
side, Carsten et al. demonstrated that HER2-low breast cancer patients 
had a significantly better prognosis compared to patients with HER2 
IHC0 breast cancer, particularly in patients with HR-disease [31]. 

There are several limitations in this study that need to be addressed. 
Firstly, detailed information about IHC and ISH is required to distin
guish between the three different HER2 categories. However, the 
reporting of HER2 status was often not specific enough to distinguish 
between HER2 IHC0 and HER2-low, which resulted in excluding many 
patients. Secondly, HER2 status of the metastatic tumour was not known 
for all women and in these cases, HER2 status of the primary tumour was 
used. This could have affected survival outcomes. Thirdly, the relatively 
short follow-up duration is another limitation in this study, especially in 
the HR + group as these patients often have late recurrences. Ideally, 
survival is stratified by treatment options and treatment lines. However, 
due to the sample size and data availability between the databases this 
was not possible. Fourthly, the lack of adjustment and multivariate 
analysis to balance age and other characteristics could have contributed 
to the results of the survival data. Finally, HER2 expression could be 
heterogeneous between different metastatic sites. Also, a strength of this 
study needs to be addressed. Namely, the ability to differentiate between 
HER2+, HER2-low and HER2 IHC0 due to structured data capture in the 
pathology registry is a clear strength of our study and is unique 
compared to other studies assessing the breast cancer landscape. The 
Pathology Registry collects very specific information on – among other 
things – breast cancer biopsies, making it a unique source to study the 
level of HER2 expression. 

5. Conclusion 

In this study, using a trichotomous HER2 classification, a substantial 
proportion of patients (48% of the HR + cohort and 38% of the HR- 
cohort) had HER2-low breast cancer. No differences in survival proba
bility were observed among the patients using this real-world data. 
Nonetheless, addressing HER2-low as a separate category could have a 
major clinical impact as these patients could benefit from HER2- 
targeting therapy. To achieve this, detailed information on the level of 
HER2 expression, rather than a dichotomous reporting, on both primary 
tumours and distant metastases should be routinely reported. Further 
research with larger populations with detailed information regarding 
the level of HER2 expression could contribute to the optimal use of 
HER2-targeting agents. 
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