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Evolution of HER2-low expression from primary to recurrent
breast cancer
Federica Miglietta1,2, Gaia Griguolo1,2, Michele Bottosso 1,2, Tommaso Giarratano2, Marcello Lo Mele3, Matteo Fassan 4,5,
Matilde Cacciatore6, Elisa Genovesi1,2, Debora De Bartolo4, Grazia Vernaci 1,2, Ottavia Amato 1,2, PierFranco Conte1,2,
Valentina Guarneri 1,2✉ and Maria Vittoria Dieci 1,2

About a half of HER2-negative breast cancer (BC) show HER2-low expression that can be targeted by new antibody-drug
conjugates. The main aim of this study is to describe the evolution of HER2 expression from primary BC to relapse by including
HER2-low category in both primary and recurrent BC samples. Patients with matched primary and relapse BC samples were
included. HER2 was evaluated according to ASCO/CAP recommendations in place at the time of diagnosis. A cutoff of >10% cells
staining for HER2-positivity was applied. HER2-negative cases were sub-classified as HER2-low (IHC= 1+ /2+ and ISH not
amplified), or HER2-0 (IHC-0). 547 patients were included. The proportion of HER2-low cases was 34.2% on the primary tumor and
37.3% on the relapse samples. Among HER2-negative cases, HER2-low status was more frequent in HR-positive vs triple-negative
tumors (47.3% vs 35.4% on primary tumor samples, 53.8% vs 36.2% on relapse samples). The overall rate of HER2 discordance was
38.0%, mostly represented by HER2-0 switching to HER2-low (15%) and HER2-low switching to HER2-0 (14%). Among patients with
a primary HER2-negative tumor, the rate of HER2 discordance was higher in HR-positive/HER2-negative vs triple-negative cases
(45.5% vs 36.7% p= 0.170). This difference was mostly driven by cases switching from HER2-0 to HER2-low. HER2-low expression is
highly unstable during disease evolution. Relapse biopsy in case of a primary HER2-0 tumor may open new therapeutic
opportunities in a relevant proportion of patients.
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INTRODUCTION
Breast cancer is the most frequently diagnosed malignancy in
women worldwide1. It represents a highly heterogeneous
disease, encompassing diverse biological entities differing in
terms of clinicopathologic features, prognosis and sensitivity to
treatments. Although gene expression studies2–6 have revealed
an impressive and complex biological diversity among breast
tumors, in clinical practice breast cancer classification driving the
treatment-decision process is based on the distinction between 3
major breast cancer subsets2,7,8, based on conventional immu-
nohistochemistry (IHC) and in situ hybridization (ISH) analyses:
hormone receptor (HR)-positive/HER2-negative, HER2-positive
(HR positive or negative), triple-negative. The biological differ-
ences among these subtypes account for different clinical
behaviors and distinct treatment sensitivity.
Although in common clinical practice the treatment-decision

process in terms of access to anti-HER2 targeted agents is driven
by the dichotomization in HER2-positive (as defined by HER2
protein overexpression on IHC analysis—score 3+ and/or HER2
gene amplification on ISH assay) vs negative–which has been
strengthened by 2018 ASCO/CAP guidelines9—HER2-negative
breast cancer is characterized by a wide spectrum of HER2
expression levels10. Notably, preliminary results from early phase
clinical trials testing novel anti-HER2 antibody-drug conjugates
(ADCs) in advanced breast cancer patients harboring HER2-low
expression (1+ or 2+ by IHC in the absence of HER2 gene
amplification by ISH) are challenging this notion11,12. In
particular, in a phase Ib study of Trastuzumab Deruxtecan a
notable 37% of ORR and 10.4 months of median duration of

response were reported in HER2-low advanced breast cancer
patients12. Similarly, in a phase Ib study investigating Trastuzu-
mab Duocarmazine in patients with advanced solid tumors, ORR
was 28% and 40% in the HR+ HER2-low and triple-negative
HER2-low breast cancer cohorts, respectively11. In addition, a
large phase III trial investigating Trastuzumab Deruxtecan in pre-
treated HER2-low advanced breast cancer patients is currently
ongoing (NCT03734029/Destiny-Breast04).
Overall considered, HER2-low breast cancer is emerging as a

distinct entity among the heterogenous population of HER2-
negative tumors, and the proportion of breast cancer patients
exhibiting HER2-low expression is not negligible, accounting for
more than a half of all HER2-negative breast cancers13,14.
However, a thorough evaluation of HER2-low evolution from
primary to recurrent breast cancer is still lacking. In particular, it
has been consistently demonstrated the phenomenon of
both HR and HER2 status discordance between primary and
recurrent breast cancer15–17, and biopsy of sites of locoregional
relapse/distant metastasis is currently endorsed by interna-
tional breast cancer guidelines8,18,19. Focusing on HER2 status,
HER2 discordance has so far been investigated by dichotomiz-
ing cases between HER2-positive vs HER2-negative or, as
recently reported, by considering the evolution from primary
to metastatic disease of IHC-based scores in HER2-low primary
breast cancer20. However, no evidence has so far been
produced regarding the evolution of HER2 status by including
HER2-low category in both primary and recurrent breast cancer
samples.
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The main aim of the present study is to evaluate the evolution
of HER2-low expression from primary breast cancer to matched
locoregional recurrences/distant metastases.

RESULTS
Patient cohorts and clinicopathologic features
A total of 547 patients who underwent tissue confirmation of
locoregional recurrence or distant metastasis were included, as
summarized in Fig. 1. 328 (60.0%) patients underwent biopsy of
distant metastases, while 219 (40.0%) underwent sampling of
locoregional sites, of whom 77 (14.0% of the total cases)
experienced isolated locoregional recurrence. Main clinicopatho-
logical features at diagnosis of the overall cohort are summarized
in Table 1.
Median time (Q1-Q3) between diagnosis of recurrent/stage IV

breast cancer and tissue confirmation of locoregional recurrence/
distant metastasis was 0.2 months (0.0–6.9).
The distribution according to the primary tumor phenotypes

was as follows: HR-positive/HER2-negative 61.4% (n= 336), HR-
negative/HER2-negative (triple-negative) 14.5% (n= 79), HER2-
positive 24.1% (n= 132).
The distribution according to the recurrent tumor phenotypes

was as follows: HR-positive/HER2-negative 55.0% (n= 301), triple-
negative 21.2% (n= 116), HER2-positive 23.4% (n= 128).

Features of HER2-low phenotype in primary and recurrent/
stage IV breast cancer
In the overall cohort (N= 547), the proportion of HER2-low cases
was 34.2% (n= 187) of primary breast cancer samples and 37.3%
(n= 204) of recurrent/stage IV samples, accounting for the 45.0%
and the 48.9% of the entire HER2-negative primary breast cancer
and recurrent cohorts, respectively.
Among HER2-negative cases, HER2-low distribution according

to breast cancer subtype is summarized in Table 2. In particular, a
positive association was observed between HER2-low expression
and HR-positive/HER2-negative breast cancer subtype in both
primary and recurrent/stage IV breast cancer. In particular,

HER2-low expression represented 47.3% of primary HR-positive/
HER2-negative vs 35.4% of triple-negative cohort, respectively
(p= 0.060) and 53.8% vs 36.2% of recurrent/stage IV HR-positive/
HER2-negative vs triple-negative cohort, respectively (p= 0.001).
The distribution of HER2 expression by IHC according to tumor
phenotype in the HER2-low primary and recurrent BC cohort is
summarized in Table 3.
Main clinicopathological features of HER2-negative tumors

according to HER2-low expression and tumor phenotype in
primary and recurrent breast cancer cohorts are summarized in
Supplementary Tables 1 and 2, respectively.

Fig. 1 Flow diagram of the study. N number, BC breast cancer, CNS
central nervous system.

Table 1. Clinicopathological features of the overall population at
diagnosis.

N (%) or median
(Q1–Q3)

Total 547 (100)

Age at primary BC diagnosis (yy), median
(Q1–Q3)

51.6 (43.4–62.6)

Primary BC histotype

Ductal 437 (79.9)

Non-ductal 104 (19.0)

Missing 6 (1.1)

Primary BC histologic grade

1 27 (5.0)

2 187 (34.2)

3 308 (56.3)

Missing 25 (4.5)

Stage at BC diagnosis

Early 509 (93.1)

Stage IV 32 (5.9)

Missing 6 (1.1)

Primary BC phenotype

HR+ /HER2− 336 (61.4)

Triple-negative 79 (14.5)

HER2+ 132 (24.1)

Missing 0 (0.0)

Treatment for early BC

Adjuvant

Chemotherapy 282 (51.5)

Hormonal therapy 350 (64.0)

Anti-HER2 68 (12.4)

Neoadjuvant

Chemotheapy 151 (27.6)

Hormonal therapy 14 (2.5)

Anti-HER2 37 (6.8)

Treatment for relapsed/stage IV BC

Chemotherapy 430 (78.6)

Hormonal therapy 364 (66.5)

Anti-HER2 40 (7.3)

131 (23.9)

Time from primary BC diagnosis and BC
relapse (mo), median (Q1-Q3)

39.4 (20.3–81.5)

Time from recurrent BC diagnosis and biopsy
of relapse (mo), median (Q1-Q3)

0.2 (0.0–6.9)

BC breast cancer, yy years, Q quartile, HR+ /HER2+ , hormone-receptor
positive/HER2-negative, mo months
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HER2 expression according to different types of tumor
samples is reported in Supplementary Table 3. In primary BC
samples, HER2-low expression was more represented in biopsies
as compared to surgical specimens (54.6% vs 41.2%, p= 0.016).
In BC recurrences, similar rates of HER2-low cases were observed
between locoregional relapses and distant metastases and
across different metastatic sites. In HR-positive/HER2-negative
primary breast cancer cohort, a statistically significant associa-
tion was observed between HER2-low expression and both
Luminal B-like phenotype (Luminal B-like proportion in HER2-0
vs HER2-low: 51.9% vs 64.7%, respectively, p= 0.023) and higher
ER expression (mean ER expression in HER2-0 vs HER2-low:
71.2% vs 76.8%, p= 0.032).
In HR-positive/HER2-negative recurrent breast cancer cohort,

HER2-low cases were associated with younger age at primary
breast cancer diagnosis as compared to HER2-0 cases (p= 0.018).

HER2 evolution from primary breast cancer to recurrent/stage
IV breast cancer
Figure 2 summarizes HER2 evolution from primary breast cancer
to secondary lesions. The overall rate of HER2 discordance was
38.0% (n= 208), mostly driven by cases switching to or from
HER2-low expression. In particular, in 15.2% of the cases a
conversion from HER2-0 to HER2-low phenotype was observed
(36.4% of the HER2-0 primary breast cancer cohort), and in 14.1%
of patients a change from HER2-low primary breast cancer to
HER2-0 recurrent/stage IV breast cancer was found (41.2% of the
HER2-low primary breast cancer cohort). HER2-positive phenotype
in either primary or recurrent breast cancer samples showed the
highest stability, with 4.8% of the total cases exhibiting loss or
gain of HER2 positivity. Among HER2-positive breast cancer
patients showing HER2 loss from primary to recurrent breast

cancer (n= 26), the great majority (n= 20, 77%) maintained some
level of HER2 expression, exhibiting a HER2-low phenotype.
Main clinicopathologic features according to HER2 discordance

status are shown in Supplementary Table 4.
HER2 evolution according to IHC scores is shown in Supple-

mentary Fig. 1.
Among patients with HER2-negative primary breast cancer,

the proportion of HER2 discordant cases was numerically higher in
HR-positive/HER2-negative cohort (HER2 discordant cases in HR-
positive/HER2-negative vs triple-negative: 45.5% vs 36.7%, respec-
tively, p= 0.17) and this difference was mainly driven by the
proportion of HR-positive/HER2-0 breast cancer cases switching
to HER2-low expression. In detail, as shown in Fig. 3A, among
HR-positive/HER2-negative cases, 21.4% switched from HER2 0 to
HER2-low expression, while 19.0% converted from HER2-low to
HER2 0 breast cancer. Among triple-negative primary breast
cancer, in 13.9% of the patients a conversion from HER2-0 to
HER2-low phenotype was observed, while in 16.5% a conversion
in the opposite direction occurred (Fig. 3B).
Table 4 dissects HER2 expression conversion in HR-positive/

HER2-negative and triple-negative cohorts according to the tumor
phenotype of the secondary lesion. In detail, 37.2% of HR-positive/
HER2-negative patients and 25.6% of triple-negative patients
showed a conversion from or to HER2-low expression while
maintaining the same breast cancer phenotype.
Among HR+ /HER2- and TN cases, no association between

HER2 discordance and type of adjuvant treatments (endocrine
therapy and/or chemotherapy, and chemotherapy, respectively)
was observed (data not shown).

Evolution of HER2 expression according to tumor sample
The overall rate of HER2 discordance did not differ according to
type of primary breast cancer sample. In particular, the overall rate
of HER2 discordance was 37.5% vs 39.1% when primary BC
phenotype was assessed on surgical samples and biopsies,
respectively (p= 0.777).
Moreover, HER2 discordance rate was 36.1% vs 39.3% when

relapsed BC phenotype was assessed on locoregional and distant
sites, respectively (p= 0.473). Conversely, HER2 discordance rate
was significantly different across different metastatic sites (p=
0.001), with higher rates observed for liver (49.7%) and bone
(43.8%), followed by soft tissue/skin (39.8%), lymph-node (36.3%),
other sites (30.4%), lung/pleura (21.7%), and central nervous
system (CNS,13.8%). The direction of discordance in liver and bone
was equally represented by losses and gains of HER2 expression.

Table 2. HER2 expression distribution according to breast cancer
subtype in the HER2-negative primary and recurrent breast cancer
cohort.

HER2 expression n (%)

0 Low p

Primary breast cancer n (%)

HR-positive/HER2-negative 177 (52.7) 159 (47.3) 0.060

Triple-negative 51 (64.6) 28 (35.4)

Recurrent breast cancer n (%)

HR-positive/HER2-negative 139 (46.2) 162 (53.8) 0.001

Triple-negative 74 (63.8) 42 (36.2)

Table 3. Distribution of HER2 expression by IHC according to tumor
phenotype in the HER2-low cohort.

HER2 expression n (%)

1+ 2+ p

Primary breast cancer n (%)

HR-positive/HER2-negative 118 (63.1) 41 (21.9) 0.493

Triple-negative 19 (10.2) 9 (4.8)

Total 137 (73.3) 50 (26.7)

Recurrent breast cancer n (%)

HR-positive/HER2-negative 122 (59.8) 40 (19.6) 0.840

Triple-negative 33 (16.2) 9 (4.4)

Total 155 (76.0) 49 (24.0)

Fig. 2 HER2 expression evolution from primary BC to relapse.
Figure 2 shows the evolution of HER2 expression from primary to
recurrent breast cancer. Absolute numbers and percentages are
reported. BC breast cancer, N number.
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Exploratory survival analysis
For exploratory survival analyses, we focused on the subgroup of
patients exhibiting HR-positive/HER2-negative BC phenotype in
both primary and recurrent BC (n= 270). No significant PRS
differences were observed according to four categories defining
HER2 evolution (HER2-0/HER2-0; HER2-0/HER2-low; HER2-low/
HER2-0 and HER2-low/HER2-low, p= 0.063). Similar findings were
observed by excluding patients receiving CDK 4/6 inhibitors in
the advanced setting (n= 33), by adopting May, 2017 as cutoff
(when CDK 4/6 inhibitors were made available in our region).
When focusing on HER2 expression on primary tumor, a
significant association between HER2 expression and survival
was observed. In particular, among patients preserving HR-
positive/HER2-negative BC subtype during disease evolution,
those with HER2-low expression on primary tumor experienced
significantly poorer PRS and OS as compared to patients with
HER2-0 primary BC (HER2-0 vs HER2-low: median PRS 53.2 vs
41.7 months, respectively, hazard ratio 0.71 (95% CI 0.53-0.96),
p= 0.025; median OS 128.2 vs 100.3 months, respectively, hazard
ratio 0.72 (95% CI 0.54–0.97), p= 0.030). Kaplan Meier curves are
shown in Supplementary Fig. 2A–C.

DISCUSSION
HER2-low breast cancer is emerging as a novel entity, thus
contributing to the biological and clinical complexity of breast
cancer. In the present work we evaluated in a large cohort the
evolution of HER2-low expression from primary to recurrent breast
cancer by including the HER2-low category in the characterization
of both primary and secondary breast cancer samples.
In our large cohort of 547 breast cancer patients with paired

samples of primary tumor and locoregional/distant metastases,
HER2-low breast cancer accounted for almost a half of the entire
HER2-negative cohort (45%), consistently with available evi-
dence21. In addition, we observed a numerically higher proportion
of HER2-low cases among recurrent breast cancer samples than
primary tumors, similarly to a previous retrospective study in
which HER2-low cases enriched the metastatic cohort as
compared to the primary breast cancer population19.
Interestingly, we found an association between HR status and

HER2-low expression. In particular, HR-positive/HER2-negative
breast cancer cohort was enriched for HER2-low tumors patients
in both primary breast cancer and recurrent/metastatic lesions,
with HER2-0 tumors instead enriching the triple-negative cohort.
This observation appears consistent with previous studies report-
ing higher prevalence of HR-positive/HER2-negative rather than
triple-negative phenotype among HER2-low breast tumors13,22–26.
We also found higher ER levels in the HER2-low as compared to
HER2-0 cohort in our HR-positive/HER2-negative subgroup. These
findings overall strengthen the hypothesis that the complex
crosstalk between HER2 and HR pathways may play a crucial role
in biologically defining the HER2-low phenotype20. Of course, this
observation needs to be further verified in future studies. We also
observed an association between Luminal B-like subtype and
HER2-low expression in HR-positive/HER2-negative breast cancer
patients. This finding appears in contrast with a recent large
retrospective study in which an association between HER2-low
phenotype and both lower expression of proliferative genes and
Luminal-A PAM50-based intrinsic subtype was reported13. How-
ever, it should be noted that in our study the definition of Luminal
B-like phenotype relied on an IHC-based assessment of Ki67, thus
complicating the comparability of our results with those obtained
by gene-expression analyses. Indeed, in the above-mentioned
study, no association between HER2-low phenotype with Ki67 IHC-
based scores was observed. Interestingly, among HER2-negative
cases, HER2 expression on recurrence was not affected by the type
of sample, either when comparing locoregional relapses vs distant
metastases or across different metastatic sites. The lack of
significant variability across different anatomical sites represents

Fig. 3 HER2 expression evolution from primary BC to relapse according to breast cancer phenotype. a HR-positive/HER2-negative
phenotype. b triple-negative phenotype. BC breast cancer, N number.

Table 4. HER2 expression evolution from HER2-negative primary
breast cancer to HER2-negative recurrent breast cancer according to
breast cancer phenotype.

HER2 expression on recurrence/metastasis

HR+ /HER2− Triple-negative Total

0 Low 0 Low

HER2 expression on primary breast cancer

HR+ /HER2−

0 74 (18.9) 64 (16.4) 21 (5.4) 8 (2.0) 167 (42.7)

Low 54 (13.9) 78 (20.0) 9 (2.3) 9 (2.3) 150 (38.5)

Triple-negative

0 5 (1.2) 3 (0.8) 31 (7.9) 8 (2.0) 47 (11.9)

Low 2 (0.5) 3 (0.8) 11 (2.8) 11 (2.8) 27 (6.9)

Total 135 (34.5) 148 (38.0) 72 (18.4) 36 (9.1) 391 (100)

BC breast cancer
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an important finding, especially in view of the possible introduc-
tion of anti-HER2 agents for HER2-low patients in the future, since
it reassures on the reliability of relapse BC phenotype irrespec-
tively from the choice of the anatomical site to be subjected to
biopsy. On the other hand, when comparing HER2 expression
according to the type of primary tumor sample, higher rates of
HER2-low cases were observed when the primary tumor
phenotype was assessed on biopsy as compared to surgical
samples. Since in our study all primary tumor samples were
treatment-naïve, an actual biological diversity could be reasonably
excluded. It is rather conceivable to hypothesize a possible role for
both intra-tumoral heterogeneity and pre-analytical factors (such
as cold ischemia time differences). Indeed, although it is currently
believed that core-needle-biopsy represents an acceptable sample
for HER2 expression assessment9, so far this consideration has
been drawn by focusing on the dichotomy between HER2-positive
versus HER2-negative cases. However, with the potential inclusion
of the HER2-low category among breast cancer predictive factors,
future efforts should be addressed on determining the reliability
of information obtained from core-needle-biopsy with respect to
the surgical specimen in terms of both specificity and sensitivity.
Our main aim was to investigate the evolution of HER2-low

expression from primary breast cancer to matched samples of
locoregional recurrences or distant metastases. In the overall
cohort, HER2 discordance rate was 38%, mostly driven by cases
switching to or from HER2-low expression. In particular, more than
one third of HER2-0 primary breast cancer patients exhibited a
conversion towards HER2-low expression in the metastatic lesion,
and more than 40% of patients with HER2-low expression in the
primary tumor switched towards HER2-0 recurrent/stage IV breast
cancer. A previous small unpublished study described that 47% of
HER2-0 primary breast cancer showed an increase in the HER2 IHC
score on relapse biopsy and that 40% of HER2-low primary tumors
showed a decrease in the HER2 IHC score, confirming the
instability of low HER2 expression20. However, authors stratified
HER2 expression modifications between primary and recurrent
breast cancer according to equal/increase/decreased IHC scores,
thus precluding any specific comparison with our results.
The great instability of HER2-low expression either from or to

HER2-0 phenotype suggests that that retesting HER2 expression
on secondary lesions may be of worth, also in the light of the
promising activity of novel anti-HER2 agents in HER2-low
metastatic breast cancer11,12. It is also worth mentioning that
HER2-low expression discordance either from or to HER2-0
phenotype was mainly driven by the HR-positive/HER2-negative
subgroup, which showed numerically higher conversion rates as
compared to the triple-negative subpopulation, especially when
considering HR-positive/HER2-0 cases switching to HER2-low
phenotype. This observation may deserve to be accounted when
dealing with HR-positive/HER2-negative advanced breast cancer
patients exhausting the main treatment options, including
hormonal strategies and chemotherapy, but who may still benefit
from additional treatments. In this context, those exhibiting
HER2-low expression might represent ideal candidates for the
inclusion in ongoing clinical trials of anti-HER2 ADCs and, more
importantly, in case these emerging strategies were to become
available for HER2-low BC in the near future. Conversely, although
HER2-low evolution was less frequently observed in our triple-
negative cohort than the HR-positive one, almost 30% of triple-
negative breast cancer patients exhibited a conversion either
from or to HER2-low expression. This observation may be of
special value in the challenging scenario of triple-negative
advanced breast cancer, where the possibility to open new
therapeutic options appears particularly appealing, even in the
earliest phases of advanced disease.
It should additionally be noted that a not negligible proportion

of HR-positive/HER2-negative (~35%) and triple-negative (~25%)
cases switched towards or from HER2-low expression while

maintaining the same breast cancer phenotype during disease
evolution. Of course, the possible inclusion of anti-HER2 ADCs in
the treatment armamentarium for HER2-low breast cancer is
still far from the implementation in the clinical practice, thus
limiting the contextualization of our observation in a contempor-
ary clinical scenario, also given the actual lack of solid evidence
supporting the adoption of the metastatic breast cancer
phenotype rather than that of the primary tumor in the
treatment-decision process of advanced disease. However, our
finding suggests that the evolution of HER2-low expression from
primary to recurrent tumor within the same breast cancer subtype
involves a not negligible proportion of HER2-negative breast
cancer patients, thus surely deserving to be further deepened. In
our study, as expected, and consistently with available evi-
dence15,17, HER2-positive phenotype in either primary tumors or
recurrent lesions was the most stable, with less than 5% of the
total cases showing HER2 positivity gain or loss.
Another worth noting observation is that, in our cohort, HER2

discordance appeared to be affected by the type of relapse
sample, with liver and bone metastases being associated with the
highest discordance rates and lung and CNS metastases instead
showing the lowest rates of HER2 discordance, as compared to
other metastatic sites. Since, as already discussed, HER2 expres-
sion did not differ across different anatomical locations, this
finding may imply an actual biological background or, rather, a
(pre)-analytical explanation, especially when considering the high
discordance observed in bone lesions. In this regard, although in
our study we only included bone metastases considered reliable
by the pathologist, a possible role of the decalcification process
cannot be excluded in this regard. However, the direction of HER2
discordance in bone lesions was not enriched for HER2 expression
losses, thus downsizing the impact of this possible bias. Although
the absence of literature data in this regard precludes the
possibility to draw definitive conclusions, a possible pragmatical
implication of these findings, if confirmed in future studies, is the
possibility to strategically select the site of metastasis to be
biopsied in order to maximize the opportunity of access to novel
anti-HER2 drugs for patients originally classified as HER2-0 based
on the primary tumor phenotype.
We also performed an exploratory analysis aiming at assessing

possible survival differences according to HER2-low expression
evolution from primary to recurrent BC. We decided to focus on
the subgroup of patients maintaining HR-positive/HER2-negative
BC phenotype during disease evolution given the high HER2-low
expression instability observed in this subgroup. No significant
PRS impact of either HER2-low concordance or discordance was
observed. We hypothesized that the major determinant for PRS in
this cohort would be HER2 expression on primary BC. Indeed, a
significantly decrease in both PRS and OS was observed in
patients with HR-positive/HER2-low primary breast cancer as
compared to those with HR-positive/HER2-0 phenotype. A
possible explanation for such observation is that our HR-
positive/HER2-low primary BC cohort was enriched for cases with
Luminal B-like phenotype, which is known to independently
correlate with poorer outcome as compared to Luminal A-like
breast cancer27. Although results from this survival analysis should
be interpreted with caution given the mere exploratory nature,
they appear consistent with available scattered retrospective data
supporting a possible negative prognostic impact of HER2-low
expression in early breast cancer patients24,27–29, especially when
considering the HR-positive subset28. However, a prognostic
association in the opposite direction has been reported as
well30,31, thus precluding the possibility to draw definitive
conclusions in this regard. In addition, it should be noted that in
the abovementioned studies heterogeneous definitions for the
identification of HER2-low expressing tumors were adopted, thus
further complicating the interpretation of results. Indeed, addi-
tional efforts should be made in order to deepen the possible
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impact of this emerging biomarker on survival of breast cancer
patients with advanced disease.
Our findings overall stress the importance to retest HER2 when

dealing with recurrent and/or stage IV breast cancer patients.
Indeed, as already mentioned, the identification of HER2-low
expression on locoregional recurrences or distant metastases in
patients with originally HER2-0 primary breast cancer may
expand patients’ therapeutic scenario by offering the opportu-
nity to access ongoing clinical trials testing anti-HER2 ADCs in
this breast cancer subgroup. However, it is currently largely
unknown whether HER2-low breast cancer patients exhibiting a
complete loss of HER2 expression during disease evolution may
still benefit from these novel treatment strategies. It should be
noted that these emerging anti-HER2 ADCs were investigated on
HER2-low patients defined by HER2 testing in archival tissue of
the last available biopsy, not necessarily corresponding to
secondary lesions, thus precluding the possibility to draw
conclusion in this regard.
One of the major strengths of the present work is that this

represents one of the largest breast cancer study investigating
not only the clinical features of patients harboring HER2-low
expression, but also the evolution of this biomarker throughout
the natural history of the disease. In addition, we adopted the
HER2-low as a distinct category for the characterization of both
primary and matched recurrent tumor samples. Furthermore, its
multicentric nature allowed to minimize the biases related to a
single-laboratory HER2 evaluation. Moreover, although HER2
expression was locally evaluated according to ASCO/CAP
recommendations in place at the time of diagnosis, it should
be noted that a 10% cut-off of cells staining for HER2 positivity
was applied. For this reason, all cases diagnosed between 2007
and 2013 were centrally reviewed to comply with the 10% cut-off
(in the ASCO/CAP recommendations in place in the period 2003-
2013, the % of cells staining for HER2 required for the definition
of IHC score 3+ was raised to 30).
Some limitations need to be highlighted as well. Firstly, the

retrospective nature of the present study may have been
responsible for the enrichment of our cohort for patients with
unusual disease behaviors. In addition, a possible role of systemic
treatments for advanced disease in affecting HER2 expression on
secondary lesions cannot be excluded. However, it should be
noted that the median time from diagnosis of relapse/stage IV
breast cancer and biopsy of locoregional/distant metastases was
0.2 months, thus downsizing the contribution of this possible
confounding factor.
In addition, a comprehensive central revision for HER2

expression was not performed in our study. However, 100 random
samples were centrally and blinded reviewed for HER2 expression,
showing a good overall agreement with the local assessment.
It should also be noted that no formal definition is currently

available for HER2-low expression, and its identification is
intrinsically dependent on the methodology applied to test
HER2 levels. In the present study we applied IHC and ISH to
define HER2-low tumors, which represent the only standardized
and established procedures to assess HER2 status. Accordingly,
HER2-low tumors were defined as HER2 1+ and 2+ scores by IHC
in the absence of gene amplification by ISH, consistently with
previous studies111–13,20,21,24,31. However, the analytical reliability
of both IHC and ISH techniques are suboptimal. In fact, HER2 IHC
staining and scores interpretation may be affected, among others,
by the type of HER2 antibody clones, formalin-fixations variables
and artifacts, as well as intratumoral heterogeneity32. In addition,
so far, IHC 0 and IHC 1+ have been frequently pooled under the
broader definition of HER2-negative breast cancer, with HER2-0
prevalence widely ranging from 15% to 80% across studies. In this
context, concerning disagreement rates of HER2-0 IHC-based
scores between local and central assessment (~85%) have been
reported33. In addition, in a large retrospective study investigating

the reproducibility of HER2 IHC classification (0 vs 1+ vs 2+ vs
3+ ), although a substantial overall agreement was reported
across 5 breast cancer-specialized pathologists (multi-rater overall
kappa concordance Score=0.79), it should be noted that the
discordancy was mostly driven by cases which were discordant
between 0 vs 1+ (~43% of all discordant cases, 15% of total
cases)13. With the emergence of novel treatment strategies
specifically directed to patients with HER2-low tumors, a stricter
adherence to FDA/ASCO-CAP rules and recommendations for IHC
HER2 scoring would be advisable. In addition, given the possible
sub-optimality of the IHC/ISH-based method in the detection of
HER2-low breast cancer patients, alternative technologies for a
quantitative evaluation of HER2 have been suggested as
potentially capable of improving our ability to identify this
emerging breast cancer subset34–39, however none of them have
yet been formally validated.
In conclusion, we showed that HER2-low expression is highly

unstable during disease evolution. In this context, relapse biopsy
in case of a primary HER2-0 tumor may open new therapeutic
opportunities in a not negligible proportion of breast cancer
patients. Indeed, HER2-low expressing breast cancer is emerging
as a novel distinct entity, possibly challenging the current
diagnostic-therapeutic paradigm, shifting from a 2-tier to a 3-tier
algorithm, encompassing HER2-“truly”-negative, HER2-positive
and HER2-low tumors.

METHODS
Population
Breast cancer patients undergoing biopsy or surgical resection of either
locoregional recurrence or distant metastasis at two different Italian
Institutions (Istituto Oncologico Veneto—IRCCS, Padova and Treviso
Hospital, Italy) between January 1999 and December 2019 were identified.
Those patients for whom HER2 status evaluation was available on both
primary tumor and matched relapse samples were included in this analysis.
Patients experiencing contralateral breast cancer in the absence of other
sites of recurrence were excluded.
Tumor samples of primary breast cancer and paired locoregional

recurrence/distant metastases were retrieved from the Archive of the
respective Pathology Departments.
Patients clinicopathologic characteristics including age, stage at

diagnosis, HR status and expression, HER2 status and expression, timing
and site of locoregional and/or distant relapse, and survival status were
recorded.

Pathology
HER2 status was considered positive in case of score 3+ by IHC and/or
HER2 amplification by ISH, while HER2 was classified as negative in case of
score 0/1+ /2+ by IHC in the absence of HER2 amplification by ISH (when
applicable). HER2 status was retrieved from the original pathology report
and was evaluated according to ASCO/CAP recommendations in place at
the time of diagnosis (Data regarding IHC protocols adopted for the
evaluation of HER2 are detailed in supplementary material)9,40,41. However,
all cases diagnosed between 2007 and 2013 were reviewed by IHC to
comply with the 10% cut-off of cells staining for HER2-positivity (N= 291
primary BC samples and N= 188 relapsed samples). Moreover, in order to
confirm the analytical reliability of the present work, 100 random samples
of matched cases underwent blind revision for HER2 levels by one expert
pathologist according to current ASCO/CAP recommendations40, showing
an 80% agreement with the original report. For this work, HER2-negative
cases were further subclassified as HER2 0 in case of IHC Score=0, and
HER2-low in case of IHC Score=1+ /2+ in the absence of HER2 gene
amplification by ISH.
Both estrogen receptor (ER) and progesterone receptor (PgR) status

were retrieved from the original pathology report and were classified as
positive in case of positive IHC staining in at least 10% of cancer cells; HR
status was considered positive in case of ER and/or PgR positivity, while HR
status was classified as negative in case of negativity of both ER and PgR.
For the evaluation of primary BC, surgical samples, when available, were

preferred over biopsies, with the exception of cases undergoing
neoadjuvant treatment, for whom baseline biopsy was instead used.
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Statistical analysis
Statistical analyses were carried out using IBM SPSS Statistics (version 22.0),
software (IBM Corp, Armonk, NY, USA).
Descriptive statistics were performed for patient demographics and

clinical characteristics. For continuous variables mean, median, range
values, and quartiles were computed. Student-T test, and The Mann-
Whitney and Kolmogorov-Smirnov nonparametric tests were used to
study the distribution of continuous variables across groups defined by
clinicopathologic characteristics. Chi-squared test (χ2) was used to
compare categorical variables across subgroups. Sankey diagrams were
built to depict the evolution of HER2 expression from primary to
recurrent breast cancer.
Post-recurrence survival (PRS) was defined as the time from the date of

diagnosis of locoregional relapse/distant metastasis and the date of death
or last follow-up. Overall survival was defined as the time from the date of
primary breast cancer diagnosis and the date of death or last follow-up.
The Kaplan-Meier method was adopted to estimate survival curves and the
log-rank test was used to test for differences across groups. The Cox-
regression model was adopted to calculate hazard ratios and 95%
confidence intervals (CI).
All reported p values are two-sided, and significance level was set

at p < 0.05.

Ethical statement
In the present study tumor samples were collected after approval by the
respective Institutional Review Boards and in accordance with the
Declaration of Helsinki. All the patients provided written informed consent
prior to inclusion into the study.

Reporting summary
Further information on research design is available in the Nature Research
Reporting Summary linked to this article.

DATA AVAILABILITY
The datasets that support the findings of this study are not publicly available in order
to protect patient privacy. The data will be available on reasonable request from the
corresponding author: VG, valentina.guarneri@unipd.it.

Received: 23 April 2021; Accepted: 28 July 2021;

REFERENCES
1. https://www.cancer.gov/about-cancer/understanding/statistics.
2. Cancer Genome Atlas Network. Comprehensive molecular portraits of human

breast tumours. Nature 490, 61–70 (2012).
3. Prat, A. et al. Phenotypic and molecular characterization of the claudin-low

intrinsic subtype of breast cancer. Breast Cancer Res. 12, R68 (2010).
4. Prat, A., Parker, J. S., Fan, C. & Perou, C. M. PAM50 assay and the three-gene model

for identifying the major and clinically relevant molecular subtypes of breast
cancer. Breast Cancer Res. Treat. 135, 301–306 (2012).

5. Prat, A. & Perou, C. M. Deconstructing the molecular portraits of breast cancer.
Mol. Oncol. 5, 5–23 (2011).

6. Perou, C. M. et al. Molecular portraits of human breast tumours. Nature 406,
747–752 (2000).

7. Andre, F. et al. Use of biomarkers to guide decisions on adjuvant systemic
therapy for women with early-stage invasive breast cancer: ASCO clinical practice
guideline update-integration of results from TAILORx. J. Clin. Oncol. 37,
1956–1964 (2019).

8. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines). Breast Cancer.
Version 6.2020, (2020).

9. Wolff, A. C. et al. HER2 testing in breast cancer: American society of clinical
oncology/college of American pathologists clinical practice guideline focused
update summary. J. Oncol. Pract. 14, 437–441 (2018).

10. Griguolo, G. et al. ERBB2 mRNA as predictor of response to anti-HER2 antibody-
drug conjugates (ADC) in breast cancer (BC). Ann. Oncol. 30, iii1–iii26 (2019).

11. Banerji, U. et al. Trastuzumab duocarmazine in locally advanced and metastatic
solid tumours and HER2-expressing breast cancer: a phase 1 dose-escalation and
dose-expansion study. Lancet Oncol. 20, 1124–1135 (2019).

12. Modi, S. et al. Antitumor activity and safety of trastuzumab deruxtecan in patients
with HER2-low-expressing advanced breast cancer: results from a phase Ib study.
J. Clin. Oncol. 38, 1887–1896 (2020).

13. Schettini, F. et al. Clinical, pathological, and PAM50 gene expression features of
HER2-low breast cancer. NPJ Breast Cancer 7, 1-020–00208-2 (2021).

14. Tarantino, P. et al. HER2-low breast cancer: pathological and clinical landscape. J.
Clin. Oncol. 38, 1951–1962 (2020).

15. Dieci, M. V. et al. Discordance in receptor status between primary and recurrent
breast cancer has a prognostic impact: a single-institution analysis. Ann. Oncol.
24, 101–108 (2013).

16. Guarneri, V. et al. Comparison of HER-2 and hormone receptor expression in
primary breast cancers and asynchronous paired metastases: impact on patient
management. Oncologist 13, 838–844 (2008).

17. Grinda, T. et al. Phenotypic discordance between primary and metastatic breast
cancer in the large-scale real-life multicenter French ESME cohort. Npj Breast
Cancer 7, 41 (2021).

18. Cardoso, F. et al. 5th ESO-ESMO international consensus guidelines for advanced
breast cancer (ABC 5). Ann. Oncol. 31, 1623–1649 (2020).

19. Van Poznak, C. et al. Use of biomarkers to guide decisions on systemic therapy for
women with metastatic breast cancer: American society of clinical oncology
clinical practice guideline. J. Clin. Oncol. 33, 2695–2704 (2015).

20. Tarantino, P. et al. Evolution of low HER2 expressions between primary and
metastatic breast cancer. Ann. Oncol. 31, S15–S41 (2020).

21. Schalper, K. A., Kumar, S., Hui, P., Rimm, D. L. & Gershkovich, P. A retrospective
population-based comparison of HER2 immunohistochemistry and fluorescence
in situ hybridization in breast carcinomas: impact of 2007 American Society of
Clinical Oncology/College of American Pathologists criteria. Arch. Pathol. Lab.
Med. 138, 213–219 (2014).

22. Sapino, A. et al. Gene status in HER2 equivocal breast carcinomas: impact of
distinct recommendations and contribution of a polymerase chain reaction-
based method. Oncologist 19, 1118–1126 (2014).

23. Ballard, M. et al. ‘Non-classical’ HER2 FISH results in breast cancer: a multi-
institutional study. Mod. Pathol. 30, 227–235 (2017).

24. Rossi, V. et al. Moderate immunohistochemical expression of HER-2 (2+) without
HER-2 gene amplification is a negative prognostic factor in early breast cancer.
Oncologist 17, 1418–1425 (2012).

25. Osborne, C. K., Shou, J., Massarweh, S. & Schiff, R. Crosstalk between estrogen
receptor and growth factor receptor pathways as a cause for endocrine therapy
resistance in breast cancer. Clin. Cancer Res. 11, 865s–870ss (2005).

26. Ithimakin, S. et al. HER2 drives luminal breast cancer stem cells in the absence of
HER2 amplification: implications for efficacy of adjuvant trastuzumab. Cancer Res.
73, 1635–1646 (2013).

27. Cheang, M. C. et al. Ki67 index, HER2 status, and prognosis of patients with
luminal B breast cancer. J. Natl Cancer Inst. 101, 736–750 (2009).

28. Eggemann, H. et al. Moderate HER2 expression as a prognostic factor in hormone
receptor positive breast cancer. Endocr. Relat. Cancer 22, 725–733 (2015).

29. Gilcrease, M. Z. et al. Even low-level HER2 expression may be associated with
worse outcome in node-positive breast cancer. Am. J. Surg. Pathol. 33, 759–767
(2009).

30. Camp, R. L., Dolled-Filhart, M., King, B. L. & Rimm, D. L. Quantitative analysis of
breast cancer tissue microarrays shows that both high and normal levels of HER2
expression are associated with poor outcome. Cancer Res. 63, 1445–1448 (2003).

31. Denkert, D. F. et al. Clinical and molecular characteristics of HER2-low-positive
breast cancer: pooled analysis of individual patient data from four prospective
neoadjuvant clinical trials. Lancet Oncol. 22, 1151–1161, https://doi.org/10.1016/
S1470-2045(21)00301-6 (2021).

32. Marchio, C. et al. Evolving concepts in HER2 evaluation in breast cancer: het-
erogeneity, HER2-low carcinomas and beyond. Semin. Cancer Biol. (2020).

33. Lambein, K. et al. Distinguishing score 0 from score 1+ in HER2
immunohistochemistry-negative breast cancer: clinical and pathobiological
relevance. Am. J. Clin. Pathol. 140, 561–566 (2013).

34. Ho-Pun-Cheung, A. et al. Quantification of HER1, HER2 and HER3 by time-resolved
Forster resonance energy transfer in FFPE triple-negative breast cancer samples.
Br. J. Cancer 122, 397–404 (2020).

35. Yardley, D. A. et al. Quantitative measurement of HER2 expression in breast
cancers: comparison with ‘real-world’ routine HER2 testing in a multicenter Col-
laborative Biomarker Study and correlation with overall survival. Breast Cancer
Res. 17, 41–015-0543-x (2015).

36. Jensen, K., Krusenstjerna-Hafstrom, R., Lohse, J., Petersen, K. H. & Derand, H. A
novel quantitative immunohistochemistry method for precise protein measure-
ments directly in formalin-fixed, paraffin-embedded specimens: analytical per-
formance measuring HER2. Mod. Pathol. 30, 180–193 (2017).

37. Gustavson, M. D. et al. Standardization of HER2 immunohistochemistry in breast
cancer by automated quantitative analysis. Arch. Pathol. Lab. Med. 133,
1413–1419 (2009).

F. Miglietta et al.

7

Published in partnership with the Breast Cancer Research Foundation npj Breast Cancer (2021) 137

https://www.cancer.gov/about-cancer/understanding/statistics
https://doi.org/10.1016/S1470-2045(21)00301-6
https://doi.org/10.1016/S1470-2045(21)00301-6


38. Larson, J. S. et al. Analytical Validation of a Highly Quantitative, Sensitive, Accu-
rate, and Reproducible Assay (HERmark) for the Measurement of HER2 Total
Protein and HER2 Homodimers in FFPE Breast Cancer Tumor Specimens. Pathol.
Res. Int. 2010, 814176 (2010).

39. McCabe, A., Dolled-Filhart, M., Camp, R. L. & Rimm, D. L. Automated quantitative
analysis (AQUA) of in situ protein expression, antibody concentration, and
prognosis. J. Natl Cancer Inst. 97, 1808–1815 (2005).

40. Wolff, A. C. et al. American Society of Clinical Oncology/College of American
Pathologists guideline recommendations for human epidermal growth factor
receptor 2 testing in breast cancer. Arch. Pathol. Lab. Med. 131, 18–43 (2007).

41. Wolff, A. C. et al. Recommendations for human epidermal growth factor receptor
2 testing in breast cancer: American Society of Clinical Oncology/College of
American Pathologists clinical practice guideline update. J. Clin. Oncol. 31,
3997–4013 (2013).

ACKNOWLEDGEMENTS
We acknowledge the following funding: DOR funding from the University of Padova
—Department of Surgery, Oncology and Gastroenterology BIRD 2019 (to VG, MVD,
PFC), BIRD 2020 (to VG, MVD, GG), DOR-1830512/18 (to MVD), DOR-2194859/21 (to
MVD); Fondazione AIRC under 5 per mille 2019 (ID. 22759 program—G.L. PFC and
MF); Health Ministry and Veneto Region research program (NET-2016–02363853).

AUTHOR CONTRIBUTIONS
All authors made substantial contributions to this paper: (1) Substantial contributions
to the conception or design of the work or the acquisition, analysis, or interpretation of
the data. (2) Drafting the work or revising it critically for important intellectual content.
(3) Final approval of the completed version. (4) Accountability for all aspects of the
work in ensuring that questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved. Each author approved the submitted
version and agreed to be personally accountable for the author’s own contributions.

COMPETING INTERESTS
M.F. received honoraria for consulting, advisory role, speaker bureau, and/or research
funding from Astellas Pharma, QED Therapeutics, Diaceutics, Tesaro, Roche, Eli Lilly,

and Novartis, all outside the submitted work. PFC reports personal fees from Novartis,
EliLilly, AstraZeneca, Tesaro, BMS, Roche, all outside the submitted work. V.G.: reports
personal fees from Roche, Novartis, Eli Lilly, MSD outside the submitted work.
MVD reports personal fees from Lilly, Genomic Health, Novartis and Celgene,
all outside the submitted work. All remaining authors have declared no conflicts
of interest.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41523-021-00343-4.

Correspondence and requests for materials should be addressed to Valentina
Guarneri.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2021, corrected publication 2021

F. Miglietta et al.

8

npj Breast Cancer (2021) 137 Published in partnership with the Breast Cancer Research Foundation

https://doi.org/10.1038/s41523-021-00343-4
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Evolution of HER2-low expression from primary to recurrent breast cancer
	Introduction
	Results
	Patient cohorts and clinicopathologic features
	Features of HER2-low phenotype in primary and recurrent/stage IV breast cancer
	HER2 evolution from primary breast cancer to recurrent/stage IV breast cancer
	Evolution of HER2 expression according to tumor sample
	Exploratory survival analysis

	Discussion
	Methods
	Population
	Pathology
	Statistical analysis
	Ethical statement
	Reporting summary

	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




