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ARTICLE INFO ABSTRACT

Keywords: Background: HER2-low has emerged as a new predictive biomarker in metastatic breast cancer. However, its
Breast cancer prognostic value in early-stage carcinomas needs to be revisited. We aimed to evaluate the association of HER2-
HER2-Low low carcinomas with PAM50 risk groups combined with clinicopathological variables in early breast cancer.

gﬁ)l\:izga Methods: We conducted a retrospective analysis of 332 patients with early-stage breast cancer that underwent
HER2-Zero PAMS50 signature analysis between 2015 and 2021at Hospital Universitario 12 de Octubre (Madrid, Spain).

HER2 Clinical and pathological variables were collected from medical records. After adjusting for potential con-
founders, we estimated Odds Ratio (OR) and 95% confidence interval for high-risk PAM50 subgroup, comparing
HER2-low versus HER2-zero carcinomas by multivariable logistic regression. P values below 0.05 were deemed
statistically significant.

Results: 192 (57%) patients were classified as HER2-low carcinomas. Median follow-up was 34 months. Adjusted
OR for high-risk PAM50 when comparing HER2-low versus HER2-zero carcinomas was 1.31 (95% CI: 0.75-2.30,
p = 0.33). The multivariable model detected significant associations for Ki-67% (>20% vs. <20%: OR = 4.03,
95% CI: 2.15-7.56, p < 0.001), T staging category (T2/T3 vs. T1: OR = 3.44, 95% CI: 1.96-6.04, p < 0.001),
progesterone receptor (PR > 20% vs. <20%: OR = 0.44, 95% CI: 0.23-0.83, p = 0.01), nodal staging category
(N+ vs. NO: OR = 3.8, 95% CI: 1.89-7.62, p < 0.001) and histological grade (grade 2 vs. 1: OR = 2.41, 95% CL:
1.01-5.73, p = 0.04; grade 3 vs 1: OR = 5.40, 95%CI: 1.98-14.60, p = 0.001).

Conclusions: In this early-stage breast cancer cohort, HER2-low was not associated with a high-risk PAM50
compared to HER2-zero carcinomas. Ki-67 > 20%, T2/T3, histological grade 2/3, N+ and PR<20% were
significantly associated to a high-risk PAM50.

1. Introduction explored and, contrary to its prognostic results, it has shown promising
results in terms of efficacy of the new antibody-drug conjugate (ADC)
Trastuzumab-Deruxtecan, even in the absence of HER2 expression by

IHC [6-8].

HER2-positive breast cancer (BC) is defined as the presence of HER2
3+ by immunohistochemistry (IHC) or IHC 2+ and ErbB2 genetic

amplification by in situ hybridization (ISH) [1]. Recently, a new
nomenclature has been proposed for those tumors typically defined as
HER2 negative, but with an IHC assay reported as 1+ or 2+, with
negative ISH, that has been categorized as HER2-low carcinomas [2].
Multiple studies focused on both early and metastatic BC have sought to
define the prognostic value of this potential biomarker by comparing it
with other clinical and pathological prognostic features; however, the
evidence obtained has often been controversial and inconsistent [3-5].
The predictive capacity of HER2-low expression has also been widely

BC intrinsic subtyping, defined as the classification of tumors based
on different gene expression profiles, has emerged as a biomarker with
clinical, prognostic and predictive implications. In this sense, genomic
platforms like Prosigna are currently used as an added analytical tool for
predicting prognosis and risk of recurrence (ROR) in early-stage hor-
mone receptor positive (HR+) BC, facilitating counseling and treatment
tailoring, based on algorithms combining gene expression and patho-
logical characteristics [9-13]. The clinical validity of these platforms
has been explored in different studies, such as the ABCSG-8 trial for
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Prosigna, which showed in postmenopausal patients with HR+ early BC
a distant recurrence-free interval probability at 10 years of up to 96.7%
when they were categorized as low risk, added to a significantly better
prognosis in terms of ROR at 10 years of the Luminal A compared to the
Luminal B intrinsic subtype [12,14,15]. However, few studies have
looked for the correlation between HER2 expression levels, especially
HER2-low, and gene expression platforms information [16,17]. In our
study, we aimed to determine the association of HER2-low expression by
IHC and the results in the Prosigna/PAM50 gene expression platform in
a cohort of early-stage HR+ BC.

2. Methods

This single-center retrospective observational study included a
cohort of patients with early-stage luminal (HR+, HER2-) BC with
available Prosigna/PAMS50 genetic profile information performed as per
clinical practice to guide adjuvant treatment [18,19], at Hospital Uni-
versitario 12 de Octubre, Madrid (Spain), between 2015 and 2021.
Medical records and pre-specified patient demographic, clinical and
pathological information (age, menopausal status, Ki-67%, histological
grade and type, hormone receptor status, T and N staging categories)
were collected. Ki-67 was evaluated following a one pathology counting
method of at least 500 cells stained using a MIB-1 antibody, based on
recommendations of The International Ki-67 in Breast Cancer Working
Group [20]. A Ki-67 cut-off of 20% was chosen to differentiate a low
versus high Ki-67, as a value considering clinical consensus, scientific
reports and daily clinical practice [21,22]. Similarly, based on clinical
practice guidelines, a progesterone receptor (PR) value of 20% was
chosen as a cut-off to differentiate low versus high PR expression [23].
HER2 IHC was determined with a Leica Bond Oracle IHC system and its
CB11 anti-HER2 antibody; while ISH was determined using an LSI
HER2/CEP17 probe in a Leica HER2 FISH system. HER2 IHC values from
pathology reports were recorded. Tumors with IHC 1+ or 2+ with
negative ISH were classified as HER2-low, while those with HER2 THC
0 were categorized as HER2-zero. Risk group (low, intermediate and
high), risk of recurrence (ROR) score and intrinsic subtype (Luminal A,
Luminal B, HER2-enriched, Basal-like) were retrieved from Prosigna/-
PAMS50 assay. The study was approved by the Institutional Ethics
Committee.

Statistical analysis was carried out with STATA v16.1 software. Data
were collected in contingency tables and were classified and summa-
rized as continuous or categorical variables as appropriate. The mean
and standard deviation (SD) of continuous variables were estimated.
Chi-2 test was used for categorical variable comparisons between the
HER2-low and HER2-zero categories. After adjusting for potential con-
founding variables in a multivariable logistic regression model, we
estimated the odds ratio (OR) and 95% confidence intervals of high-risk
PAMS50 subgroup, comparing HER2-low versus HER2-zero categories.
Clinical and pathological information (i.e., Ki-67%, T and N staging
categories, progesterone receptor expression, histological grade) were
also included as independent variables in the regression model. Finally,
those results with p < 0.05 were deemed as statistically significant.

3. Results

The study cohort comprised a total of 332 patients, of which 192
(57%) were categorized as HER2-low and 140 (43%) as HER2-zero. The
mean age was 57 years. The median follow-up was 34 months (2-75
months). In the HER2-low category, the predominant intrinsic subtype
was Luminal A with 114 (60%) patients, followed by Luminal B with 73
(38.4%) patients, with a very low proportion of HER2-Enriched (HER2-
E) (1%) and Basal-like subtypes (0.6%); Similar trends and proportions
of intrinsic subtypes were found for the HER2-zero group (Table 1). The
adjusted OR for high-risk PAM50 subgroup for HER2-low category
compared to HER2-zero was 1.33 (95% CI: 0.75-2.30, p = 0.33) (Fig. 1).
On the other hand, multivariable analysis showed significant
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Table 1
Main clinical and pathological characteristics studied.

HER2-low (n = 192) HER2-zero (n = 140)

Age, years (SD) 57 (14) 58 (14)
PAMS50 subtype, n (%)

Luminal A 114 (60.0) 78 (55.7)
Luminal B 73 (38.4) 59 (42.1)
HER2-enriched 2(1.0) 2(1.4)
Basal-like 1(0.6) 1(0.8)
Risk group, n (%)

Low 56 (29.5) 37 (26.4)
Intermediate 62 (32.6) 55 (39.3)
High 72 (37.9) 48 (34.3)
ROR, mean (SD) 44 (21) 45 (19)
Ki-67, n (%)

Low (<20%) 96 (51.0) 59 (42.5)
High (>20%) 92 (49.0) 80 (57.5)
PR, n (%)

<20% 59 (30.7) 30 (21.6)
>20% 133 (69.3) 109 (78.4)
Histology, n (%)

Ductal 144 (75.8) 108 (77.1)
Lobular 40 (21.0) 25 (17.9)
Others 6 (3.2) 7 (5.0)
Histological Grade, n (%)

Low/1 32 (17.0) 24 (17.4)
Intermediate/2 116 (61.7) 84 (60.9)
High/3 40 (21.3) 30 (21.7)
T stage, n (%)

T1 109 (56.8) 82 (58.6)
T2 77 (40.1) 52 (37.1)
T3 6(3.1) 6 (4.3)

N stage, n (%)

NO 113 (58.9) 83 (59.3)
Nmic 29 (15.1) 21 (15.0)
N+ 50 (26.0) 36 (25.7)
Menopausal status, n (%)

Premenopausal 56 (29.5) 43 (31.8)
Postmenopausal 135 (70.5) 96 (68.2)

associations of high-risk PAM50 subgroup with Ki-67% (>20% vs.
<20%: OR = 4.03, 95% CI: 2.15-7.56, p < 0.001), T staging category
(T2/T3 vs. T1: OR = 3.44, 95% CI: 1.96-6.04, p < 0.001), progesterone
receptor expression (PR > 20% vs. <20%: OR = 0.44, 95% CL:
0.23-0.83, p = 0.01), nodal staging category (N+ vs. NO: OR = 3.8, 95%
CIL: 1.89-7.62, p < 0.001) and histological grade (grade 2 vs. 1: OR =
2.41, 95% CIL: 1.01-5.73, p = 0.04; grade 3 vs. 1: OR = 5.40, 95% CL:
1.98-14.60, p = 0.001) (Fig. 1). There were no associations between
high-risk PAM50 subgroup and nodal micrometastasis, neither lobular
histology. Finally, median ROR was similar for HER2-low (44) and
HER2-zero (45) categories.

4. Discussion

Our study analyzed the clinical and pathological characteristics of
HER2-low and its correlation with gene expression signature Prosigna/
PAMSO in an early BC cohort. We found no significant association be-
tween a high-risk PAMS50 subgroup and HER2-low expression in patients
with early-stage luminal BC (OR 1.31, 95% CI: 0.75-2.30, p = 0.33),
however, there was a quantitative trend toward a high-risk PAM50 in
HER2-low tumors. On the other hand, irrespective of HER-2 status, the
multivariable analysis found a correlation between high-risk clinical and
pathological tumor characteristics (i.e., Ki-67 > 20%, T2/T3, histolog-
ical grade 2-3, N+ and progesterone receptor expression <20%) with a
high-risk Prosigna/PAMS50.

Similarly, other studies focused on the prognostic role of HER2-low
have shown conflicting results. A study by Won et al. focused on local-
ized disease showed a significant correlation between HER2-low and
lower tumor staging categories (T) (p = 0.041), higher histological
grades (p = 0.01), as well as a non-significant trend towards lower nodal
stages (N) (p = 0.213) in HR+ tumors. The same analysis found no
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0dds Ratio [95% CI]

HER2 immunohistochemistry (HER2-low vs HER2-zero) -+ 1,31 [0,75-2,30]
Ki67 (220% vs <20%) A d 4,03 [2,15-7,56]
T stage (T2/T3vs T1) —_— 3,44 [1,96-6,04]
Progesterone Receptor (PR220% vs <20%) -@— 0,44 [0,23-0,83]
Nodal stage (N+ vs NO) L 2 3,80(1,89-7,62]
Histological grade (grade 2 vs grade 1) L 2 2,41[1,01-5,73]
Histological grade (grade 3 vs grade 1) ° 5,40 [1,98-14,60]
Nodal micrometastasis (Nmicvs NO) —@—— 0,61 [0,24-1,47]
Lobular histology (lobular vs ductal) -@— 0,54 [0,25-1,15]
0,;‘10 2,;)0 4,;2)0 6,;)0 8,;)0 10:00 12:00 14:00

Odds Ratio [95% Cl]

Fig. 1. Multivariable adjusted Odd Ratios of High-Risk PAM50 subgroup.

differences in OS between HER2-low and HER2-zero (p = 0.086) [3].
Another study by Tan et al. demonstrated an improvement in terms of
relapse-free interval (RFS) (HR: 0.88, 95% CI: 0.82-0.93, p = 0.001) and
OS (HR: 0.82, 95% CI: 0.76-0.89, p = 0.001) in HER2-low compared to
HER2-zero, independent of the HR status [5]. On the other hand, Den-
kert et al., found that HER2-low tumors presented a lower pathological
complete response (PCR) compared to HER2-zero HR+ tumors (17.5%
vs. 23.6%, p = 0.024), consistent with less aggressive clinical and
pathological features (lower histological grade, nodal stage and
Ki-67%). However, the same study demonstrated higher disease-free
intervals (DFS) and OS at 3-year cutoffs in HER2-low compared to
HER2-zero (83.4% vs. 76.1%; p = 0.0084 and 91.6% vs. 85.8%; p =
0.0016, respectively) in the general cohort, which did not extrapolate to
the HR+ cohort [4]. A descriptive study by Schettini et al., correlated
HER2-low tumors with high-risk clinical and pathological features,
including larger tumor size (T) (p = 0.007), greater lymph node
involvement (N) (p = 0.01) and higher histological grade (p = 0.049).
The same study analyzed PAMS50 intrinsic subtypes and their correlation
with HER2 expression, showing that luminal tumors were more frequent
in HER2-low 2+, HER2-low and HR+ tumors, while HER2-E and
basal-like intrinsic subtypes were more common in HER2-zero and
triple-negative tumors. Likewise, in the case of HR+ tumors, luminal A
intrinsic subtype was more represented than luminal B when comparing
HER2-low (58.9% vs. 2.8%) versus HER2-zero (8% vs. 34.9%) [24].
Agostinetto et al. sought to characterize the molecular profile of
HER2-low tumors and their relationship with the PAM50 intrinsic sub-
type. They found that HER2-low tumors were represented by a higher
proportion of intrinsic HER2-E regardless of their HR status. Similarly,
the HER2-low/HR+ subtype was the most represented among luminal A
and B tumors. The study found no significant differences in survival
intervals when comparing HER2-low with other non-HER2-low sub-
types. However, it detected significant differences in DFS and progres-
sion free survival (PFS) between HER2-low HR+ tumors and their HR-
counterparts, attributed to a higher expression of luminal-related genes
in the former [25].

While these and other studies focus on the correlation of HER2-low
with pathological aggressiveness features and survival intervals, our
study and others, have studied the prognostic value of HER2-low by
correlating it with high-risk profiles of gene expression platforms. In this
line, with similar objectives but a different methodology to ours, the
study by Mutai et al. sought to determine the prognostic potential of
HER2-low in localized BC in terms of clinical characteristics, survival
intervals, and its correlation with the prognostic information of the
Oncotype DX genetic signature. The study found no differences between
clinical aggressiveness features (i.e., N, histological grade, Ki-67%) or
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survival intervals (OS at 10 years of 91% vs. 88%, p = 0.10; DFS at 10
years of 87% vs. 82%, p = 0.09) of HER2-low compared to HER2-zero.
On the other hand, when accounting for the risk assigned by Oncotype
DX, there were no differences in OS, DFS, or distant disease free survival
(DDFS) in patients with low genomic risk; however, in the high genomic
risk subgroup, there was a significant improvement in OS (89% vs. 68%,
p = 0.01) and DDFS (86% vs. 59%, p = 0.002) in HER2-low versus
HER2-zero tumors [16]. Another study, also focused on Oncotype DX
recurrence score (RS), found no significant correlation between RS and
the survival outcome in HER2-low patients, unlike HER2-zero patients.
The authors also evaluated the prognostic role of different RS gene
modules in HER2-low and HER2-zero patients, and found that
proliferation-related genes could not predict survival outcomes in
HER2-low patients, compared to the HER2-zero counterpart. However,
the HER2-low subgroup showed an increased HER2 module genes
expression compared to HER2-zero, which predicted a worse DFS in the
former group (HR: 1.89, 95% CI: 1.02-3.48, p = 0.04) [17]. Compared
to these, although there was a quantitative trend, our study did not find
any statistically significant correlation between HER2-low and a
high-risk profile for the Prosigna/PAM50 gene expression signature.
Possible explanations for these contrasting results could be given by the
inter-assay heterogeneity and characteristics of different gene signature
platforms [26-28], the lower number of participants studied in our
analysis, the biological differences of the different populations taken
into account on each study [29-31] and finally, our analysis method-
ology of a direct comparison between HER2-low status and the genetic
signature results not taking survival intervals into account.

HER2-low breast carcinomas have a biological crosstalk between
estrogen receptor (ER) and HER2. This correlates to an increased ER
protein expression [17,32], increased expression of luminal-related
genes (e.g., BCL2, BAG1, FOXA1, ESR1, PGR, GPR160, and AR), as
well as a higher proportion of luminal A and B PAM50 signatures in
HER2-low compared to HER2-zero tumors [24]. These leads to the hy-
pothesis that hormone receptor and luminal-related genes are key de-
terminants and dominate the underlying biology of HER2-low tumors,
and that such interaction between both the HR and HER2 pathway may
end up promoting HER2/ErbB2 protein overexpression with conse-
quently increased proliferation, angiogenesis and invasiveness proper-
ties in HER2-low tumors, as a mechanism of tumor adaptation,
treatment resistance and endocrine therapy disruption [2,17,33]. This
ER-driven HER2 expression has been described by several authors who
have shown that ErbB2 expression is higher in the HER2-low/HR+ than
in the HER2-low/HR- subgroup [24,25], and has been validated in other
studies like the one by Phinel et al., who showed that in HER2 negative
tumors (low and zero), there was a significant positive correlation
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between HER2 RNA levels and ER status (r = 0.43, p < 0.0001), being
1.75-fold higher in ER+ versus ER- tumors [32]. In clinical practice,
these could translate into a more aggressive tumor behavior, with
HER2-low tumors often associated with lymph node positivity, ductal
histology, higher tumor grading and higher proliferation characteristics
[341.

This study has some limitations that should be taken into account.
First, this is a study in which the Prosigna/PAM50 genetic signature was
performed in a merely clinical context to define prognosis, ROR, and to
tailor and define the need of adjuvant chemotherapy treatment in
localized HR+ tumors, so other tumor subgroups (i.e., triple-negative
BC) are not represented in our sample and have not been included in
the analysis, unlike other published studies. Second, Prosigna was per-
formed in HR+ tumors, as per clinical and expert recommendations
indications, so very low-risk and high-risk stages may not be properly
represented. Third, this is a retrospective study with a relatively small
sample size compared to other studies with similar context and objec-
tives, which could justify our central hypothesis’s lack of statistical
power. Fourth, as a retrospective study, we did not review the pathology
specimens but only relied on the pathology report of HER2-IHC. This
entails significance, given the importance of correctly differentiating a
HER2-zero IHC from a HER2-low, after interobserver, laboratory and
technique variability could derive in discordant results and labeling,
with some studies showing low concordance between HER2 IHC scores
0 and 1+ [35,36]. This is relevant, especially in cohorts like ours, going
back before the HER2-low era when a correct distinction between
HER2-zero and HER2-low did not confer any known clinical implica-
tions. Finally, although diagnosis, recurrence and death dates were
collected, calculations and comparisons of DFS and OS intervals were
not possible, given the low relapse rate in the study sample.

Our study has some strengths to be highlighted. To our best knowl-
edge, this is the first study that seeks to define the prognostic value of
HER2-low, contrasting it with the information of a different genetic
signature recommended by American and European guidelines, the
Prosigna/PAMS50 [18,23,37]. On the other hand, although having a
smaller sample size compared to other studies contrasting genomic
platforms, we were able to collect a representative patient cohort that
allowed us to perform a multivariate analysis with statistically signifi-
cant associations of a high-risk PAM50 adjusted to the HER2 status,
which represents another study strength.

In conclusion, in our cohort HER2-low status was not associated with
the high-risk PAM50 subgroup in early-stage luminal BC. Classical
clinical and pathological features were statistically associated with the
PAMS50 high-risk category. Our results do not support the use of HER2-
low as a prognostic biomarker in early luminal BC.
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