
Abstract. Background/Aim: A possible role of antibody-drug
conjugates against tumors with low HER2-expression, leads
to the emergence of a new “low-HER2” classification in
breast cancer, encompassing tumors from the hormonal-
receptor-positive and the triple-negative subgroups. There is
a need for data (clinical trial data and real-world evidence)
that will accurately describe this population, the risk of
recurrence and the possible benefit of HER2 targeted
therapies. Patients and Methods: We retrospectively analyzed
949 patients from our Department databases, with hormonal
receptor-positive and HER2-negative early breast cancer, for
whom detailed data for immunohistochemical HER2-staining
could be retrieved. Results: HER2-low expression was
detected in 66.6% of patients (472 IHC +1 and 160 IHC +2
and ISH-negative). Lobular, or mixed lobular and ductal
cancers had a statistically significantly lower chance of being
HER2-low when compared to pure infiltrative ductal
carcinomas (53.1% vs. 69.3% respectively). HER2-low status
was not prognostic for recurrence-free survival or response to
neoadjuvant chemotherapy. There was a non-significant trend
for increased risk of recurrence for HER2-low, compared to

HER2-0, in patients with lobular or mixed lobular and ductal
carcinomas (HR=2.192, 95% CI=0.819-5.912). Conclusion:
Low expression of HER2 in hormonal receptor-positive early
breast cancer does not affect prognosis but may lead to a
shorter progression-free-survival in lobular and mixed ductal
and lobular cancers. Despite optimal management, a large
proportion of hormonal receptor-positive patients will relapse.
Targeting HER2 in HER2-low cancers may offer a potential
additional treatment strategy to improve survival of this group.

Current classification of breast cancer uses
immunohistochemistry (IHC) to assess the expression of
Hormone Receptors (HR) and HER2 to distinguish four
distinct groups: 1) HR-positive, HER2-negative, 2) HR-
negative, HER2-positive, 3) HR-positive, HER2-positive, 4)
HR-negative, HER2-negative. This distinction is used in
combination with anatomic and patient characteristics (age,
menopausal status, etc.) to guide clinical decision making
and forms the core of international guidelines (1, 2). 

HER2 (erbB-2) is a member of the Epidermal Growth Factor
Receptor (EGFR) family of transmembrane receptor tyrosine
kinases which is encoded by the ERBB2 gene. Amplification of
the ERBB2 gene results in HER2 overexpression, which has a
central role in promoting carcinogenesis in breast cancer (3).
HER2 overexpression has an established prognostic value,
being associated with poor prognosis (3). Since the discovery
of trastuzumab, HER2 overexpression has also gained
predictive value, predicting response to HER2-targeted
treatment (4). Over the years, HER2-targeted treatments have
expanded to include a wide range of monoclonal antibodies
(trastuzumab, pertuzumab, margetuximab), Antibody-Drug
Conjugates (trastuzumab-emtansine, trastuzumab-deruxtecan),
and small molecules (tucatinib, lapatinib, neratinib), with a
significant positive impact on patient survival and quality of life
(5). The primary predictor of responsiveness to HER2-targeted
therapies in breast cancer is HER2 protein overexpression
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assessed by immunohistochemistry or gene amplification
assessed by in situ hybridization (ISH) (ASCO/CAP guidelines)
(6). IHC results for HER2 are reported as 0, +1, +2 or +3; IHC
+3 is considered “positive”, IHC 0 and +1 are considered
“negative”, and IHC +2 is considered “equivocal” and requires
further evaluation by ISH testing. Since benefit from and access
to trastuzumab requires a positive result, clinicians and
pathologists have traditionally focused on the distinction of the
duality between a positive and a negative result. 

However, increasing evidence points to the fact that the group
simply classified as HER2-negative is not homogenous, but
rather includes subgroups that differ in clinical characteristics
and prognosis. Several retrospective analyses have shown a
prognostic significance of moderate HER2 expression (IHC +1
or IHC +2/ISH-negative, collectively referred to as HER2-low),
with HER2 +2/ISH-negative patients showing shorter disease-
free survival compared to HER2 0 or +1 patients (7, 8), and
HER2 +1 patients showing worse outcomes compared to HER2
0 patients (9). A proposed hypothesis is that there is a linear
correlation between HER2 expression and tumor behavior, with
HER2 +1 tumors having characteristics between HER2 0 and
HER2 +2 tumors (8). In fact, compared to patients with HER2
0 or +1 tumors, patients with HER2 +2/ISH-negative tumors
have been shown to present more frequently with large tumors,
higher Ki-67 score and axillary lymph node involvement (7).
Patients with HER2-low tumors have also been shown to exhibit
significantly lower rates of pathological complete response
(pCR) after neoadjuvant chemotherapy and overall survival
compared to patients with HER2 0 tumors, leading to the
suggestion that these two subgroups should be considered
distinct and managed as such (10).

Other factors, apart from HER2 expression, should also be
considered in the HER2-low group. The most prominent is
the status of hormonal receptors. Outcomes in responses and
survival are different among the HER2-low subgroups when
stratified by HR status (8, 10). Furthermore, there are
differences in the molecular characterization and intrinsic
subtypes of HR-/HER2-low and HR+/HER2-low tumors
which should be taken into consideration (11).

The new field of HER2-low breast cancer is particularly
exciting, given its potential prognostic as well as therapeutic
implications, with novel HER2-targeted treatments showing
efficacy also in HER2-low tumors (12). More data need to
be collected before robust changes are proposed to clinical
practice. For this purpose, we performed this study to
examine the hypothesis that HER2 expression as assessed by
IHC as 0, +1 or +2/ISH-negative has prognostic significance
in HR-positive patients. 

Patients and Methods  

For this retrospective study, we collected data from patients treated
in our center from 2007 to 2021. Patients were included provided

they a) had a histologically confirmed diagnosis of breast cancer, b)
had HR-positive, HER2-negative tumors for whom HER2 status as
determined by IHC was recorded (0, +1, +2/ISH negative), c) had
completed their initial treatment (surgery and/or chemotherapy
and/or radiotherapy as indicated) and d) had started follow-up on
hormonal treatment. For patients who received neoadjuvant
treatment, HER2 status was recorded according to the pre-treatment
core-needle biopsy. For patients who did not receive neoadjuvant
treatment, HER2 status was recorded according to the surgical
specimen. In patients with multiple tumors, the highest HER2 status
was used for analysis. Patients that had multiple tumors were
excluded if any of the tumors was HR-negative and/or HER2-
positive. Patients with a previous breast cancer diagnosis were
excluded as well. Histologic diagnosis and testing were performed
in a laboratory accredited according to EN ISO 15189:2021 and
regularly participating in an EQA IHC HER2 schemes run by
UKNEQAS and NordiQC. HER2 protein expression by IHC was
assessed according to the ASCO/CAP Human Epidermal Growth
Factor Receptor 2 Testing in Breast Cancer guidelines following
their 2008-2013 and 2018 revisions (6). 

The primary endpoint of the study was the assessment of
recurrence-free survival (RFS), defined as the time that elapsed
between the completion of primary treatment (surgery,
chemotherapy and radiotherapy) and first documentation of any
breast cancer event (local or distant relapse of breast cancer) or
death, stratified by immunohistochemical expression of HER2 (0,
+1, +2/ISH-negative). Additional stratification was performed by
nodal status (node-negative, node-positive).

The Kaplan–Meier method was used to estimate the median RFS.
Log-rank tests were used to test the equality of survivor functions
across groups. All data were collected from October to November,
2021 (database lock). According to the methodological features of
an observational non-interventional study, all analyses were
descriptive, and the results presented should be interpreted as such.
All statistical analyses were performed using GraphPad Prism 9.0
software. 

Continuous variables were summarized with the use of
descriptive statistical measures, namely, mean value, and range
(minimum, maximum), and categorical variables were displayed as
frequency tables. A Chi-squared test was used to correlate the HER2
status with clinicopathological features of the disease.

Results

We retrospectively collected data from the medical records
of patients treated at our Unit between 2007 and 2021. Out
of 1,076 hormonal receptor-positive and HER2-negative
patients initially screened, a total of 949 with HR-positive,
HER2-negative tumors were included in the study (Figure
1). The median age at diagnosis was 51 years (range=22-85
years). Median follow-up was 2.8 years. With regards to
nodal involvement, 645 of the patients were node-negative,
297 node-positive and 7 had no axillary staging.
Neoadjuvant treatment was offered to 125 patients, with 113
receiving neoadjuvant chemotherapy and 12 neoadjuvant
hormonal treatment. An additional 221 patients received
adjuvant chemotherapy. From 949 patients, 944 received
hormonal treatment; 408 with an aromatase inhibitor, 397
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with tamoxifen, 79 with tamoxifen plus a gonadotropin-
releasing hormone agonist (GnRHa), and 60 with an
aromatase inhibitor plus an GnRHa. 

HER2 status (immunohistochemical expression zero vs.
low) did not present statistically significant differences by
age (up to 50 or over 50 years of age at diagnosis), genetic
profile in patients that had a germline panel tested (mutated
or wild-type), grade, Ki67 expression (0 to 20 or higher) or
genomic risk (in patients that Oncotype, Mammaprint or
Endopredict were assessed). Lobular, or mixed lobular and
ductal cancers had a 53.1% chance of being HER2-low,
statistically significantly lower when compared to pure
infiltrative ductal carcinomas (69.3%) (Table I).

HER2 status was not prognostic for recurrence-free
survival (Figure 2). When analyzed by nodal positivity,
HER2 status was not prognostic in node-negative patients or
in node-positive patients (Figure 3). However, HER2 +2
patients had a non-significant trend for increased risk of
recurrence compared to HER2-0 patients in the node-positive
population (HR=1.512, 95% CI=0.6315-3.620) (Table II).
HER2-low immunohistochemical expression in lobular and
mixed lobular and ductal cancers resulted in a non-

significant trend for increased risk of recurrence, compared
to HER2-0 patients (HR=2.192, 95% CI=0.819-5.912) (Table
II and Figure 3). Additionally, HER2 status did not affect
recurrence-free-survival in patients that received either
tamoxifen or aromatase inhibitors (Table II and Figure 4). 

In the group of patients who received neoadjuvant
chemotherapy, 10 patients had a pathologic complete
response (pCR) (8.93%). HER2 IHC did not influence the
outcome (Table III). Complete pathological response was not
a prognostic factor for RFS (HR=1.307, p=0.715).

Discussion 

HER2-low breast cancer, as defined by an IHC HER2
expression of +1, or +2/ISH-negative, is an emerging entity. The
proposed concept is that simply classifying a tumor as HER2-
negative is not sufficient, and the individual HER2-low
subgroups could be distinguished on the basis of different
molecular characteristics, prognosis and response to treatment.

This study was designed to assess RFS of HR-positive
early breast cancer patients when stratified by HER2
expression. The retrospective analysis of data from 949
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Figure 1. Study population stratified by nodal status.



patients showed no statistically significant prognostic
differences in RFS according to HER2 status. No statistically
significant differences were noted in either node-negative or
node-positive patients.

The prognostic significance of HER2 expression in HER2-
low tumors has been evaluated retrospectively in different
patient groups, with conflicting results. A large pooled
analysis of patient data from four neoadjuvant clinical trials,
which included 2,310 patients, showed lower rates of
pathologic complete response and higher survival rates in
HER2-low tumors versus HER2 0 tumors (10). In that study,

the lower rates of pCR for HER2-low tumors were seen in
the HR-positive subgroup but not in the HR-negative
subgroup. Additional molecular analysis performed revealed
that in HR-positive tumors, low positivity for HER2 was
associated with a less aggressive phenotype compared to
HER2 0 tumors, as evidenced by fewer grade 3 tumors, a
lower Ki-67 and fewer TP53 mutations; a possible
explanation suggested for the lower pCR rates in those
patients is that their tumors are less aggressive and therefore
less likely to respond to neoadjuvant treatment. The same
study also reported survival differences, with a higher
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Table I. Patient characteristics by HER2 immunohistochemical status.

                                                                     All patients               HER2-0               HER2 +1            HER2 +2 & ISH-ve                       p-Value# 
                                                                        (n=949)                  (n=317)                (n=472)                       (n=160)                    (HER2-0 vs. HER2-low)

Age                                                                                                                                                                                                                        
   Median (range)                                          51 (22-85)                                                                                                                                       
   Age ≤50                                                          451                         131                       227                                93                                     p=0.75
   Age >50                                                          498                         186                       245                                67                                            
Medical oncology treatment                                                                                                                                                                               
   Adjuvant chemotherapy                                 221                           66                       104                                51                                            
   Neoadjuvant Chemotherapy                          113                           33                         58                                22                                            
Adjuvant hormonal therapy                              944                                                                                                                                            
   Tamoxifen                                                       397                         129                       203                                65                                            
   Aromatase inhibitors (AI)                              408                         149                       198                                61                                            
   Tamoxifen & GnRHa                                       79                           19                         41                                19                                            
   Ais & GnRHa                                                   60                           17                         28                                15                                            
Neoadj. hormonal therapy                                   12                             4                           5                                  3                                            
Genetic profile                                                                                                                                                                                                     
Unchecked                                                         764                         251                       382                              131                                            
Checked                                                             185                           64                         90                                29                                            
   Wild-type                                                        151                           58                         69                                24                                            
   Any pathogenic mutation                                 34                             8                         21                                  5                                     p=0.102
   BRCA1 or BRCA2                                          16                             3                          11                                  2                                            
Histology                                                                                                                                                                                                             
   IDC                                                                 781                         240                       387                              154                                            
   ILC                                                                  123                           62                         58                                  3                                            
   Mixed                                                                37                           13                         22                                  2                                     p=0.000081
   Other                                                                   8                             2                           5                                  1                                            
Grade (IDC only)                                                                                                                                                                                                
   Grade 1                                                           210                           72                       114                                24                                            
   Grade 2                                                           348                         106                       164                                78                                            
   Grade 3                                                           218                           62                       105                                51                                     p=0.273
   Unknown                                                            5                             0                           4                                  1                                            
KI67                                                                                                                                                                                                                     
   0-20                                                                 609                         219                       315                                75                                            
   >20                                                                  271                           84                       126                                61                                     p=0.152
   Unknown                                                          69                           14                         31                                24                                            
Genomic risk*                                                   173                                                                                                                                            
   Low                                                                 143                           37                         79                                27                                            
   High                                                                  30                           13                         10                                  7                                     p=0.055

*Genomic risk low: Oncotype RS ≤25, Mammaprint-low, Endopredict-low. Genomic risk high: Oncotype RS ≥26, Mammaprint-high, Endopredict-
high. #p-values (HER2-0 vs. HER2-low) were calculated using chi-square test for: age at diagnosis (≤50 vs. >50), genetic profile where checked
(mutated vs. wild-type), histology (IDC vs. ILC and mixed), grade (grade 1, 2 or 3), Ki67 (0-20 vs. >20) and genomic risk where checked (low vs.
high). HER2: Human epidermal growth factor receptor-2; ISH: in situ hybridization; GnRHa: gonadotropin-releasing hormone agonist; IDC:
infiltrative ductal carcinoma; ILC: infiltrative lobular carcinoma.



survival rate in HER2-low tumors versus HER2 0 tumors;
this result was driven by the HR-negative subgroup where
the differences were more pronounced, with true triple
negative tumors having the worst overall survival (10). The
more aggressive phenotype and worse prognosis of true
triple negative tumors has been established, to the point
where even more regular screening has been shown to
improve the prognosis of triple negative breast cancer (13).

The clear message from these data is that HR+/HER2-low
tumors and HR-/HER2-low tumors should be assessed
separately. This is concordance with findings by Eggemann
et al. who compared different patient groups (HER2 +2/ISH-
negative Versus HER2 0 or +1) and showed statistically
significant lower DFS and breast cancer-specific survival in
patients with HER2 +2/ISH-negative tumors, but only in the
HR-positive subgroup (8).

In our analysis, we found no statistically significant
difference in DFS among HER2-low subtypes in HR-positive
patients. These data are in contrast with the aforementioned
studies, however similar results have also been reported.
Agostinetto et al. in a retrospective analysis of 804 patients
showed no significant differences in DFS and OS among
HER2-low subtypes, even when paired by HR status (11).
Horisawa et al. similarly reported no statistically significant
differences in prognosis between HER2-low and HER2 0
patients, regardless of HR status, in a cohort of 4,918 patients
(14). Based on these conflicting results, no conclusion can be
reached regarding the prognostic significance of low levels of
HER2 expression. The reason for the discordance among
different studies is unclear. A potential explanation could be

different patient populations in each study–for instance, our
study included younger patients, with a median age of 51
years at diagnosis. The extent to which distinct patient
characteristics are responsible for such a discordance, and a
definitive answer regarding whether HER2 status is a
contributing factor to DFS or not, would both be difficult to
assess without prospective data stratified accordingly.

In spite of these conflicting results, the different HER2-
low subgroups appear to be different at least on the
molecular level.  HER2-low breast cancer is comprised of a
majority of HR-positive tumors (ranging from 64% to as
high as 87% in the literature) (10, 15). When looking at the
intrinsic PAM50 subtypes in a cohort of 3,689 patients, HR-
positive/HER2-low tumors showed a higher proportion of
luminal subtypes compared to HER2 0 tumors, whereas HR-
negative/HER2-low tumors showed a high proportion of
basal subtypes across all IHC scores (15). Agostinetto et al.
noted a distribution of PAM50 subtypes in HR-
positive/HER2-low tumors closer to HR-positive/HER2 0
tumors than HR-negative/HER2-low tumors, but a higher
proportion of HER2-enriched intrinsic subtype in HR-
negative/HER2-low tumors compared to HR-negative/HER2
0 tumors (11). How these differences translate to patient
prognosis has not yet been elucidated. 

Further differences can be seen according to the
histological subtype. In our study, lobular and mixed lobular
and ductal carcinomas had a statistically significant lower
chance of being HER2-low (53.1%) compared to pure ductal
carcinomas (69.3%). Other studies have also reported such
differences. In a retrospective analysis of 608 patients with
HR-positive HER2-negative breast cancer, lobular
carcinomas were significantly more common in the HER2 0
compared to the HER2-low subgroup (16). The exact
association between the histological subtype and HER2-low
status would require more prospective data to reach
definitive conclusions. Furthermore, in our study, HER2-low
expression in the subgroup of lobular and mixed lobular and
ductal carcinomas was associated with an increased risk of
recurrence, which was not statistically significant. As the
number of lobular and mixed lobular and ductal carcinomas
was comparatively small (n=160), a larger study could
potentially show a prognostic significance for HER2-low
expression in this relatively rare group of patients with breast
cancer. HER2-positive expression has already been shown to
identify clinically important subtypes of invasive lobular
carcinoma with prognostic implications (17, 18). 

A potential limitation of our study as well as similar
studies performed is their retrospective nature. More
prospective studies need to be performed with patients
stratified by HER2 IHC to identify the prognostic impact of
intermediate HER2 expression. Such studies will allow for
further translational research on the molecular and genetic
differences of the HER2-low subgroups, which is becoming
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Figure 2. Recurrence-free survival according to HER2 expression in all
hormonal receptor-positive and HER2-negative patients (n=949).
HER2: Human epidermal growth factor receptor-2; FU: follow-up.



particularly more relevant in the era of new HER2-targeted
treatments such as Antibody-Drug Conjugates that appear to
be effective also in HER2-low tumors (19).

Conclusion 

In this retrospective series of real-world data, no association
was found between low HER2 expression and RFS in
hormone receptor positive early breast cancer patients. There
was a trend for increased risk of recurrence in patients with
lobular and mixed lobular and ductal carcinomas with low
HER2 expression and in node-positive patients with HER2
+2 expression, although neither of these trends reached
statistical significance. 
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Table II. Impact of HER2-immunohistochemical expression on relapse-free survival (RFS) in hormonal receptor-positive and HER2-negative early
breast cancer patients.

                                                                                 n                                Median RFS                         HR (logrank)                            95% CI of ratio

All patients                                                            949                                      NR                                                                                       
  HER2 0                                                               317                                      NR                                       0                                              
  HER2 low                                                          632                                      NR                                       1.066                                     0.6543-1.738
  HER2 +1                                                          472                                      NR                                       0.98                                       0.5803-1.655
  HER2 +2 & ISH-negative                              160                                      NR                                       1.318                                     0.6784-2.561
Node-negative patients                                         645                                      NR                                                                                       
  HER2 0                                                               216                                      NR                                       0                                              
  HER2 low                                                          429                                      NR                                       0.8096                                   0.3674-1.770 
  HER2 +1                                                          324                                      NR                                       0.8536                                   0.3809-1.913
  HER2 +2 & ISH-negative                              105                                      NR                                       0.6424                                   0.2188-1.886
Node-positive patients                                          297                                      NR                                                                                       
  HER2 0                                                                 97                                      NR                                       0                                              
  HER2 low                                                          200                                     11.6                                      1.203                                     0.6374-2.270
  HER2 +1                                                          147                                     11.6                                      1.097                                     0.5511-2.184
  HER2 +2 & ISH-negative                                 53                                      NR                                       1.512                                     0.6315-3.620
IDC                                                                        781                                      NR                                                                                       
  HER2 0                                                               240                                      NR                                       0                                              
  HER2 low                                                          541                                      NR                                       0.8909                                   0.5051-1.572
ILC/mixed                                                             160                                      NR                                                                                       
  HER2 0                                                                 75                                      NR                                       0                                              
  HER2 low                                                            85                                      NR                                       2.192                                     0.819-5.912
Adjuvant aromatase inhibitors                             468                                      NR                                                                                       
  HER2 0                                                               166                                      NR                                       0                                              
  HER2 low                                                          302                                      NR                                       1.429                                     0.7070-2.890
Adjuvant tamoxifen                                              476                                      NR                                                                                       
  HER2 0                                                               148                                      NR                                       0                                              
  HER2 low                                                          328                                      NR                                       0.8006                                   0.4021-1.594

HER2: Human epidermal growth factor receptor-2; ISH: in situ hybridization; NR: not reached; IDC: infiltrative ductal carcinoma; ILC: infiltrative
lobular carcinoma.

Table III. Impact of HER2-immunohistochemical expression on response
to neoadjuvant chemotherapy (NAC) in hormonal receptor-positive and
HER2-negative early breast cancer patients. 

                                                     n           pCR (%)     Node-negative (%)

All patients with NAC              113                                        
HER2 0                                        33          3 (9.1%)           10 (30.3%)
HER2-low                                   80                                        
  HER2 +1                                   58          5 (8.6%)           14 (24.1%)
  HER2 +2 & ISH-negative       22          2 (9.1%)             5 (22.7%)

HER2: Human epidermal growth factor receptor-2; ISH: in situ
hybridization; pCR: pathological complete response.
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Figure 3. Kaplan-Meyer analysis for recurrence-free survival according to HER2 expression in node-negative patients (A), node-positive patients
(B), patients with IDC (C) and patients with ILC and/or mixed IDC/ILC (D). HER2: Human epidermal growth factor receptor-2; FU: follow-up;
IDC: infiltrative ductal carcinoma; ILC: infiltrative lobular carcinoma.

Figure 4. Kaplan-Meyer analysis for recurrence-free survival according to HER2 expression in patients that receive adjuvant hormonal treatment
with aromatase inhibitors (A) or tamoxifen (B). HER2: Human epidermal growth factor receptor-2; FU: follow-up.
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