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Breast cancer is a heterogeneous disease, which is 
phenotypically diverse in response to treatment as well 
as clinical outcomes (1). Charles Perou established the 
four molecular subtypes using gene expression patterns, 
which is now the foundation of how we categorize breast 
cancers (2). Breast cancer subtypes are simplified in clinical 
practice where it is categorized into three major subtypes 
based on three receptor expressions; estrogen receptor 
(ER)-positive, human epidermal growth factor receptor 2 
(HER2)-positive and triple negative where ER, HER2, and 
progesterone receptor (PR) are negative. Determination of 
the subtype by receptors is essential in the clinical setting 
because it guides the selection of treatments of the patient; 
anti-estrogen hormonal therapy for ER-positive, anti-
HER2 targeted therapy for HER2-positive and cytotoxic 
chemotherapy for triple negative subtype (3). There are 
four subtypes in the original Perou’s classification; luminal A, 
luminal B, HER2-enriched, and basal-like subtype, where 
ER-positives are divided into Ki-67 expression low luminal 
A and high luminal B. In general, ER-positive breast cancer 
patients demonstrate better prognosis compared with other 
subtypes. However, it is known that these tumors do recur 
in the long run (4). The 20-year recurrence rate for ER-

positive breast cancer ranges from 10% to 41% (5). 
In the current clinical practice, HER2-positive is defined 

by high positivity (3+) in immunohistochemistry (IHC) or 
intermediate positivity (2+) in IHC and fluorescence in situ 
hybridization (FISH)-positive (6). Intermediate expression 
of HER2 is commonly defined as intermediate positivity 
(2+) in IHC and FISH-negative, whereas HER2-negative is 
defined as either negative or low positivity (1+) in IHC and 
FISH-negative (6). Compared with HER2-negative, breast 
cancer with an intermediate expression of HER2 has more 
aggressive characteristics as well as worse prognosis. This is 
in agreement with the fact that the HER2 signal pathway is 
associated with aggressive features and risks of recurrence 
(7,8). Furthermore, these results raise the notion that 
HER2 expression may not be simply positive or negative 
but a continuum, and HER2-intermediate expression breast 
cancer may still respond to anti-HER2 therapy even if their 
expression is moderate.

To date, the prognostic and predictive value of HER2-
intermediate expression is very limited. Ignatov et al. 
reported that when compared with 4,073 HER2-negative 
tumors (defined by IHC negative or 1+), 822 HER2 
moderate tumors (defined as IHC 2+ and FISH-positive) 
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demonstrated aggressive features and worse prognosis (9).  
Also, Rossi et al., reported that when compared to the 
patients with IHC negative or 1+, the patients with IHC 
2+ and FISH-negative demonstrated worse disease-free 
survival (DFS) (10). On the other hand, the addition of 
trastuzumab (anti-HER2 targeted therapy) to adjuvant 
chemotherapy (docetaxel plus cyclophosphamide or 
doxorubicin and cyclophosphamide followed by weekly 
paclitaxel) did not improve the survival of the patients with 
non-HER2 overexpressing patients (IHC 1+ or 2+ with 
FISH-negative) in the randomized and multi-center clinical 
trial, NSABP B-47 (NCT01275677) (11). They concluded 
that the addition of trastuzumab to adjuvant chemotherapy 
did not improve, all the survivals analyzed, such as DFS, 
recurrence-free survival, and overall survival. Since this 
study included the patients with IHC 1+ to the study group, 
this result is against the notion to treat HER2-intermediate 
expression group with anti-HER2 therapy. Therefore, it has 
been an interest in the field to explore the benefit of anti-
HER2 targeted therapy with chemotherapy against HER2-
intermediate expression group, which is defined as IHC 2+ 
and FISH-negative.

In the study by Kim et al., they prospectively analyzed 
the early breast cancer patients and metastatic breast cancer 
patients of ER positive subtype (12). They categorized 
those patients into three groups utilizing HER2 IHC 
status. They defined HER2-negative as IHC 0–1, HER2-
intermediate as IHC 2+, and FISH-negative. A total of 
2,657 patients were enrolled to analyze in order to elucidate 
the prognostic impact of intermediate HER2 expression 
in early breast cancer or metastatic breast cancer of ER-
positive subtype. Among those, there were 654 early breast 
cancer patients and 166 metastatic breast cancer patients 
which were defined as the HER2-intermediate group. On 
the other hand, the HER2-negative group consisted of 2,003 
early breast cancer and 369 metastatic breast cancer patients 
in the HER2-intermediate group. The survival analysis 
revealed that when compared with the HER2 negative 
group, the HER2-intermediate group demonstrated worse 
recurrence-free survival (RFS) (P=0.044). Interestingly, 
among those, only the early breast cancer patients with 
≥55 years predicted to have poorer recurrence free survival 
[hazard ratio (HR) 1.95; P=0.042] whereas <55 years did 
not. HER2-intermediate group demonstrated worse survival 
in metastatic breast cancer patients as well. The HER2-
intermediate group demonstrated worse overall survival than 
the HER2 negative group patients with ≥55 years (P=0.037), 
whereas there was no significant difference between those 

groups in patients with <55 years (P=0.163).
The worse prognosis observed in the HER2-intermediate 

group compared to the HER2-negative group is consistent 
with the previous reports (9,10). What was unique in Kim 
et al.’s work is its focus on the age, ≥55 years, which was 
different from other studies and had a very intriguing finding. 
Generally, younger age is often reported to be a prognostic 
factor of breast cancer patients. Numerous reports have 
demonstrated worse prognosis with younger patients than 
older patients (1,13,14). In many studies, younger patients 
are defined as age under 40 years old (14). The worse 
prognosis with younger patients is thought to associate with 
the fact that younger breast cancer patients tend to possess 
more aggressive biological characteristics (1,13). Recent 
studies elucidated that the worse prognosis of younger 
patients depends on molecular subtypes. Partridge et al. (1)  
reported that younger age (age ≤40 years old) increased 
the risk of disease specific death in luminal subtypes alone. 
Concordance with this report, Lian et al. (14) reported 
that younger age (age ≤40 years old) was the risk factor 
for inferior survival in luminal A and luminal B (HER2-
negative) subtypes only, whereas luminal B (HER2-positive), 
HER2 overexpression, and triple negative subtypes were 
not. Furthermore, the result of the TAILORx trial, in 
which the risk of recurrence score was calculated based on 
the expression of 21 genes, the benefit of chemotherapy 
was demonstrated in the patients under 50 years of age in 
recurrence score of 16–25 population (15). To this end, 
it was very surprising to find that the patients with over  
55 years of age were the risk factor of poor prognosis. 

Our group in collaboration with multiple institutions has 
recently published that HER2 positivity of primary breast 
cancer was the risk factor of recurrence after neoadjuvant 
chemotherapy and associate with worse survival (8). Among 
the subtypes analyzed in this study, HER2, luminal-HER2, 
luminal, and triple negative, HER2 subtype demonstrated 
a significantly higher risk of recurrence compared with 
the other three subtypes (hazard ratio =2.6, P=0.02). Also, 
when compared with HER2 negative breast cancer, HER2 
positive breast cancer was associated with recurrence (hazard 
ratio =2.5, P=0.04). Interestingly, we also found that HER2 
positive subtype demonstrated the worst DFS among the 
four subtypes analyzed (P=0.048). Furthermore, HER2-
positive breast cancer patients demonstrated worse DFS 
compared with HER2-negative breast cancer patients.

Given that the estrogen signaling and HER2 signaling 
are the two major signaling pathways that drive breast 
cancer growth, the activation of HER2 has been postulated 
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to be associated with tumor recurrence in pre-clinical basic 
research study as well. The crosstalk between the ER and 
HER2 pathways have been reported, suggesting that HER2 
pathway activity may promote aggressiveness and endocrine 
resistance in ER-positive breast cancer, even in cases of 
tumors without HER2 amplification (16). To this end, we 
cannot help but speculate that HER2 expression levels may 
be a candidate to distinguish the long-term recurrence of 
ER-positive breast cancer. 

In conclusion, sub-categorizing ER-positive breast 
cancer by age and HER2 status may help us predict the 
patient outcome more precisely.
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