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Breast cancer (BC) is the most prevalent cancer among Brazilian women, yet related data
remain limited. The HER2-low classification has gained significance with the advent of
targeted therapies. This study aimed to assess survival outcomes of HER2-low BC

compared to other subtypes in a real-world Brazilian cohort.

Methods: We analyzed data from 8,485 breast cancer patients treated at Pérola Byington
Hospital between 2010 and 2019. Overall survival (OS) was the primary endpoint,
stratified by cancer subtype. The t-test and chi-square test evaluated variable associations,
while multivariate analysis calculated odds ratios and 95% confidence intervals. Cox

regression assessed survival, and Kaplan—Meier curves illustrated OS differences.

Results: The patients with HER2-low breast cancers showed significantly better overall
survival than those with the triple-negative subtype (p < 0.01). However, they had
significantly poorer overall survival than those with the Luminal A-like subtype (p <
0.01). The patients with triple-negative HER2-low disease had a higher risk of mortality
than those with HER2-0 (p < 0.01). Finally, patients who achieved pathological complete
response experienced significantly better overall survival than those who did not (p <
0.01).

Conclusion: Our findings highlight triple negative HER2-low BC as a distinct subtype
identifiable via standard immunohistochemistry, beyond just biomarker status. The study
underscores the prognostic diversity among BC subtypes and emphasizes the importance

of personalized treatment strategies.

Keywords: HER2-low breast cancer, Survival outcomes, Real-world data, Prognostic

implications



1. INTRODUCTION

Breast cancer (BC) is the most prevalent malignant tumor in women and remains the

! including in Brazil ? with

leading cause of cancer-related mortality worldwide
significant variability in biological characteristics and clinical outcomes *. This
heterogeneity reflects the presence of distinct tumor subtypes, each with unique
prognostic and therapeutic implications * °. In 2022, the World Health Organization
reported that approximately 2.3 million women were diagnosed with BC, leading to

approximately 670,000 deaths globally °.

The heterogeneity of BC is reflected in its various subtypes, each with unique prognostic
and therapeutic implications °. In clinical practice, immunohistochemistry is commonly
used to classify BC subtypes based on hormone receptor status, human epidermal growth
factor receptor 2 (HER2) expression, and proliferation markers such as Ki67 3. This
classification plays a critical role in guiding treatment decisions and optimizing patient

management.

BC is classified as HER2-positive when HER2 expression is scored as 3+ on
immunohistochemistry (IHC) or 2+ with confirmed gene amplification via in situ
hybridization (ISH), typically associated with more aggressive tumor behavior. For these

tumors, anti-HER2 targeted therapies are strongly recommended * ©°

. Conversely,
tumors with IHC scores of 0 or 1+, or 2+ without ERBB2 amplification by ISH, have
been historically categorized as HER2-negative due to their lack of response to

conventional anti-HER2 therapies 1% 1618,

Recent evidence suggests the need for reclassification within HER2-negative tumors. .
The term HER2-low has been proposed to describe tumors with IHC scores of 1+ or 2+
without gene amplification, accounting for approximately 50-55% of all primary BCs. **
1821 “While traditional HER2-targeted therapies have shown limited benefit in HER2-low
tumors, emerging treatments have demonstrated promising results in this subset,

highlighting the potential for novel therapeutic strategies * 2222,

Despite growing interest in HER2-low BC, there remain significant gaps in
understanding its epidemiology, treatment responses, and long-term outcomes. With the
advent of new targeted therapies, a comprehensive characterization of HER2-low BC is

critical to refining treatment strategies and improving patient outcomes.



Real-world data (RWD) provide valuable healthcare insights derived from diverse

24

sources outside traditional clinical trials and can complement findings from

randomized controlled studies ?°.

In Brazil, BC is the most commonly diagnosed cancer among women 2, yet data on its
subtypes remain limited. According to a 2021 Interfarma report 2°, Brazil accounts for

only 2.4% of global clinical trials, underscoring the need for locally generated evidence.
2. METHODS
2.1 Study Design

This retrospective cohort study leveraged RWD from the Women’s Hospital in Sao
Paulo, Brazil (formerly known as Pérola Byington Hospital), a leading reference center
for breast and gynecological cancer in the country. The analysis was conducted using
secondary data from the institutional database and was approved by the ethics committee.
The study adhered to ISPE/ISPOR guidelines for exploratory real-world research *’. Data
from women diagnosed and treated at the hospital between January 2010 and December

2019 were included in the analysis.

2.2 Patients Selection

Women aged 18 years or older with a confirmed diagnosis of breast cancer (BC) stage I-
IV during the study period were included. All patients underwent immunohistochemical
testing to determine the tumor subtype at a local practice. First, we did not include
multicentric or multifocal tumors and any recurrence diagnosed in the breast. Exclusion
criteria encompassed patients diagnosed with benign tumors, carcinoma in situ, bilateral
BC, male patients with cancer, individuals enrolled in clinical trials, loss of follow up and

those with inconclusive or missing immunohistochemical data.

Patients with incomplete immunohistochemical or clinical follow-up data were excluded
from the analysis. An exploratory evaluation indicated that data were missing at random
(MAR). To assess potential selection bias, we compared baseline characteristics between

included and excluded patients (see Table S1).



2.3 Subtype characterization

Molecular subtype classification was based on the expression of estrogen receptor (ER),
progesterone receptor (PR), and HER2, assessed through routine immunohistochemistry
(IHC). The cutoff for ER and PR positivity was set at >1% of tumor cells displaying
nuclear staining **. Hormone receptor status was determined in two ways: classified as
positive or negative (=1% ER or PR positivity) or using the Allred score (>3) %8 \Wwhen
percentage data were unavailable. The Ki-67 proliferation index was used to distinguish
luminal A-like from luminal B-like subtypes, applying a cutoff of 14% . ER, PR, Ki-67
and HER?2 status were obtained from historical pathology reports at the time of diagnosis;

no centralized or repeated testing was performed.
Breast cancer subtypes were defined as follows:

HER2-positive (HER2+): Tumors with HER2 overexpression, identified as IHC 3+ or
IHC 2+ with gene amplification confirmed by in situ hybridization (FISH or CISH). The
HER2+ cohort was also stratified according to hormone receptor status (HR) into HER2-
positive/HR+ and HER2-positive/HR— subgroups.

Triple-negative (TNBC): Tumors lacking ER; PR, and HER2 expression.

Luminal A-like: HER2-negative tumors with ER and PR positivity and a low Ki-67 index
(<14%) 2.

Luminal B-like: HER2-negative tumors with ER and/or PR positivity and a high Ki-67
index (>14%) 2.

The luminal subtypes were grouped and stratified according to HER status into HR+/
HER2-0 and HR+/HER2-low.

HER2-low: Tumors exhibiting HER2 expression of IHC 1+ or IHC 2+ without gene
amplification confirmed by in situ hybridization . All analyses were conducted based on
the reclassification. TNBC was also stratified according to HER status into TNBC HER2-
0 and TNBC HER2-low.

2.5 Treatment protocol



Patients received standard treatment according to their immunohistochemical profile.
Luminal A-like and B-like patients with high risk or that undergo neoadjuvant
chemotherapy were treated with regimens including doxorubicin, cyclophosphamide, and
taxanes. HERZ2-positive patients received the same regimen with the addition of
trastuzumab, while TNBC patients were treated with doxorubicin, cyclophosphamide,
taxanes and more recently platinum-based chemotherapy. As a public institution CDK
4/6 inhibitors and immunotherapy for TNBC remain unavailable. Trastuzumab was
introduced for advanced disease in 2011 and later incorporated into the neoadjuvant and
adjuvant settings in 2013. In 2018, the combination of trastuzumab and pertuzumab
became available exclusively for metastatic disease, while T-DM1 has not yet been

introduced in any clinical.

2.5 Ethics

The Institutional Review Board of Perola Byington Hospital approved the use of patient
data before the study was commenced under the reference number CAAE
7238317.6.0000.0069. This was a retrospective study and the requirement for informed
consent was waived because of that. This study was conducted according to the principles

of the Declaration of Helsinki, including the protection of patient confidentiality.

2.6 Outcomes

The primary outcome was overall survival (OS), which was defined as the duration (in
months) from the date of diagnosis to the date of death (from any cause). The patients
were considered alive at the date of their last consultation (diagnosis date and last

consultation date).

The secondary outcomes were overall survival of patients with HER2-low BC with pCR
relative to those without pCR and the impact of Ki67 levels of >14 on survival of the
patients with HER2-low BC and survival of the patients with HER2-low BC, with those

with positive and negative hormone receptor statuses differentiated.



2.7 Statistical analysis

Descriptive data analysis was performed using absolute and relative frequencies and
dispersion measures. The endpoint was overall survival stratified according to the cancer
subtype. Both t-test and chi-squared test were used to compare the subtypes of BC. Cox
regression was used for survival analysis using the log-rank method, and the results were
presented in a survival graph using the Kaplan—Meier method. R software version 4.1.1
was used to perform all analyses; p-values of < 0.05 denoted statistical significance.
Multivariate analysis was conducted on key variables using a Cox proportional hazards
model. We further conducted a stratified survival analysis within the HER2-low
subgroup according to hormone receptor status (positive vs. negative), using Kaplan—
Meier estimates and the log-rank test to compare overall survival.

Additionally, an exploratory analysis was performed to evaluate the distribution of tumor

subtypes and receipt of treatment modalities across self-reported ethnic groups, in order

to assess potential disparities related to ancestry and healthcare access.

3. RESULTS

Overall, this study included 12,283 BC diagnoses in 11,069 patients. After excluding
patients with missing values for baseline characteristics of interest, 8,796 BC diagnoses
(figure 1). A comparative analysis showed that excluded patients were generally older
and more likely to have unknown stage or treatment status. Full characteristics are
detailed in Table S1, and these differences were taken into account when interpreting our

findings.

Figure 1: Patients enrolled in the study.
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A flowchart of the patients after a reclassification in HER2-low is shown in figure S1
from a traditional classification into a refined categorization incorporating HER2-low
status. Initially, the cohort of 8,796 patients was categorized into four conventional
subtypes: HER2-positive (17.49%), triple-negative (21.13%), Luminal A-like (19.95%),
and Luminal B-like (41.43%). With the revised classification, the proportion of HER2-
positive cases remained relatively unchanged at 17.46%, while the percentage of triple-
negative cases decreased to 18.07%, likely due to the reclassification of some cases as
HER2-low. Similarly, the proportion of Luminal A-like and Luminal B-like cases
declined to 15.11% and 28.62%, respectively, as a significant portion of these tumors
were reclassified as HER2-low. The newly introduced HER2-low category accounted for
15.29% of cases in hormone receptor-positive tumors and 5.46% in hormone receptor-

negative tumors.

To better identify and evaluate the behavior of each subtype, we performed separate
analyses comparing HR-positive/HER2-low vs. HR-positive/HER2-0 and TNBC/HER2-
low vs. TNBC/HER2-0 groups.

To explore the potential impact of evolving HER2 testing standards, we stratified HER2-
low prevalence across three diagnostic periods: 2010-2013, 2014-2016, and 2017-2019.
HER2-low classification increased progressively from 17.8% in 2010-2013 to 21.6% in
2014-2016, and 22.6% in 2017-2019, suggesting a potential influence of improved

testing practices and growing recognition of this subgroup.



Patients with incomplete immunohistochemical or clinical follow-up data were excluded
from the analysis. To assess whether the exclusion introduced systematic bias, we
compared baseline characteristics between included and excluded patients using
independent t-tests for age and chi-square tests for categorical variables (clinical stage,
molecular subtype, and hormone receptor status) suggesting that data was missing at
random (See Table S1).

The characteristics of the patients with breast cancer at diagnosis are shown in table 1.
Most of the included patients had clinical stage Il disease (approximately 40%).
Regarding the self-reported ethnicity distribution, most participants declared themselves
as white (54.4%). Blacks, Asians, and other ethnicities were less represented across all

groups.

An exploratory analysis of ethnicity revealed statistically significant differences in the
distribution of breast cancer subtypes (p < 0.001). Triple-negative tumors were more
frequently observed among Black (21.5%) and Brown (24.6%) women compared to
White women (16.4%). In contrast, Luminal A-like and Luminal B-like subtypes were
more prevalent among White women. However, there were no statistically significant
differences in current alcohol consumption between groups (p = 0.791), and treatment
variables such as recurrence rates and menopausal status varied by subtype but not
consistently by ethnicity. While these findings suggest a potential interplay between
ethnicity and tumor. biology, further investigation using granular socioeconomic

indicators would be needed to fully assess disparities in care access and outcomes.

Table 1: Characteristics of patients with breast cancer at diagnosis.

Overall Triple- Luminal Luminal
. HER2+ ) ) . HER-low
population negative A-like B-like p-
n=1,536 n=1,825
n= 8,796 N=1589 N=1,329 N=2517 value*
(17.46%) (20.75%)
(1009%%0) (18.07%)  (15.11%)  (28.62%)
Age (years) 56.10 52.83 54.73 59.87 56.59 56.60 017
mean [SD] [13.41] [12.63] [13.77] [13.07] [13.35] [13.28]
Ethnic origin
. 4,786 814 785 761 1,387 1,039
White <0.001
(54.21) (17.01) (16.40) (15.90) (28.98) (21.71)
735 133 158 83 217 144
Black <0.001

(8.36) (11.29) (21.50) (11.29) (29.52) (18.10)



. 105 17 11 21 31 25 <0.001
Asian

(1.19) (16.19) (10.48) (20.00) (29.52) (23.81)
2,841 505 554 426 810 546 <0.001
Brown
(32.30) (17.78) (24.62) (14.99) (28.51) (19.22)
329 67 81 38 72 71 0.001
Other
(3.74) (20.36) (24.62) (11.55) (21.88) (21.58)
Current 961 166 157 140 270 228 <0.001
smoker (10.93) (17.27) (16.34) (14.56) (28.10) (23.72)
Current 63 12 9 13 14 15 0.791
drinker (0.72) (19.05) (14.29) (20.63) (22.22) (23.81)
1,225 197 241 189 329 269 <0.001
Recurrence
(13.93) (16.08) (19.67) (15.43) (26.86) (21.96)
Menopausal
status
b 2,982 633 594 238 847 580 <0.001
re
(33.91) (21.22) (19.01) (7.98) (28.40) (19.45)
Post 5814 903 995 1,001 1,670 1,245 <0.001
0S
(66.09) (15.53) (17.12) (17.22) (28.72) (21.41)

Legend: HER2-low (HER2 1+ or 2+ with ISH negative); HER2+ (HER2 3+ or ISH
positive), Luminal A-like (hormonal receptor positive, at least 1% and Ki67 below 14%);
Luminal B-like (hormonal receptor positive, at least 1% and Ki67 equal or more 14%). *

chi-square.

The table 2 presents the distribution of breast cancer subtypes according to clinical stage.
The Luminal A-like subtype is predominantly diagnosed at early stages, with 36.87% in
stage | and 38.98% in stage Il, while later stages are less frequent (14.52% in stage |11
and 1.43% in stage IV). In contrast, Luminal B-like has a broader distribution, with most
cases in stage Il (40.68%), followed by stage Il (27.81%) and stage | (22.84%),
suggesting a more aggressive profile. The triple-negative subtype exhibits a distinct
pattern, with the highest proportion in stage Il (37.89%) and stage 11 (36.25%), while
stage | cases are lower (16.68%). Stage IV cases remain relatively uncommon across all
subtypes, ranging from 1.43% in Luminal A-like to 4.36% in HER2+. A small proportion
of cases in each subtype have missing stage data, varying from 1.24% in Luminal A-like
t0 6.23% in triple-negative.

Table 2: Distribution of breast cancer subtypes according to clinical stage.



Overall HER2+

. Triple-negative Luminal A Luminal B HER-low
population n=1,536
N=1,589 N=1,329 N=2,517 n=1,825
Stage n= 8,796 (17.46%) p-value*
18.07% 15.11% 28.62% 20.75%
(100%) ( ) ( ) ( ) ( )
n % n % n % n % n % n %
| 2078 23.6 277 3.15 265 3.01 490 5.57 575 6.54 470 534 0.917
11.6
11 3437 39.3 582 6.62 576 6.55 518 589 1024 4 737 838 <0.001

1 2542 28.9 538 6.12 602 6.84 193 2.19 700 796 509 579 <0.001

1\ 279 3.2 67 0.76 47 0.53 19 0.22 95 1.08 51 058 <0.001
Missing

st 461 5.0 72 0.82 99 1.03 109 8.2 123 1.39 58 0.66 <0.001
age

Legend: HER2-low (HER2 1+ or 2+ with ISH negative); HER2+ (HER2 3+ or ISH
positive), Luminal A-like (hormonal receptor positive, at least 1% and Ki67 below 14%);
Luminal B-like (hormonal receptor positive, at least 1% and Ki67 equal or more 14%). *

chi-square.

The patients with the Luminal A-like subtype had more favorable OS (mean OS = 106
months) than those with the HER2+ subtype. Those with the triple-negative subtype had
the least favorable OS (mean OS = 96 months). The patients with HER2-low BC had
better survival outcomes than those with the triple-negative subtype (HR: 0.38, 95% CI:
0.23-0.53, p < 0.01). In contrast, the patients with the Luminal A-like subtype had
significantly better OS than those with the HER2-low subtype with a hazard ratio (HR) of
-0.58 (95% CI: -0.77 to -0.38, p < 0.01) (Figure 2) reveals the OS differences between the
HER2-low subtype and the other BC subtypes.

Figure 2: OS differences between the HER2-low subtype and the other BC subtypes.
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Among patients with HER2-low breast cancer, survival was further stratified by hormone
receptor status. HR-positive patients had significantly better overall survival compared to
their HR-negative counterparts. At 60 months, the estimated survival probability was
approximately 72% for HR-positive and 87% for HR-negative HER2-low patients,
indicating substantial prognostic heterogeneity within this subgroup. The median survival
for patients with HRs was 101 months, whereas that for those without HRs was 90
months. (HR: 0.39, 95% CI: 0.32 to 0.48; p < 0.01) — Figure 3.

No statistically significant differences in survival were observed among the patients with

the other subtypes.

Figure 3: OS in HER2-low BC (positive and negative HR status).
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To better assess the influence of HER2-low status on 5-year survival outcomes, stage 1V
cases were excluded from the analysis. We compared HR+/HER2-low vs. HR+/HER2-0,
showing no significant difference (79.0% vs 78.4%; p = 0.64; 95% CI —1.9 to +3.1%).
Conversely, among TNBC patients, HER2-low tumors demonstrated significantly worse
survival compared with TNBC/HER2-0 (55.4% vs. 67.7%; p < 0.001; 95% CI —18.9 to

—5.8%) as shown on Figure 4.

Figure 4: OS according to HER2-low status in TNBC and HR-positive subtypes
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In the univariate analyses patients with- HER2-low BC who achieved pCR experienced
better overall survival than those who did not achieve pCR [HR: 0.36 (95% CI: 0.27 to
0.47); p < 0.01]. The median survival durations were 104 and 85 months for those with

and without pCR, respectively (See Figure S2).

For the HER2-low subtype, low Ki67 levels (<14%) were associated with improved OS
(HR, 0.63; 95% CI: 0.37-0.89) — Figure 5.

Figure 5: Effect of Ki67 levels on OS in HER2-low subtype.



Protabality

A multivariate analysis (figure 6) was conducted and patients HER2-low that presented
stage | and 11 patients had significantly better survival compared to Stage Ill. Stage I: HR
= 0.11 (95% CI: 0.07-0.18, p < 0.001). Stage II: HR = 0.20 (95% CI: 0.13-0.31, p <
0.001).

Both adjuvant and neoadjuvant chemotherapy were associated with a significant
reduction in mortality risk. Adjuvant chemotherapy: HR = 0.32 (95% CI: 0.18-0.56, p <
0.001). Neoadjuvant chemotherapy: HR =0.43 (95% CI: 0.30-0.62, p < 0.001).

Lack of hormone therapy correlates with worse outcomes HR = 0.33 (95% CI: 0.26-0.41,
p < 0.001). Patients who did not receive radiotherapy also demonstrated worse survival
HR = 0.56 (95% CI: 0.45-0.70, p < 0.001). Patients who achieved pathological complete
response (pCR) after neoadjuvant therapy showed a trend toward improved survival,
though not statistically significant HR = 0.83 (95% CI: 0.48-1.41, p = 0.483). Non-Black
patients did not exhibit a significant difference in survival HR = 0.93 (95% CI: 0.75—
1.15, p = 0.492).

Figure 6: OS multivariate analyses in HER2-low.
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4. DISCUSSION
Historically, HER2-low breast cancer was grouped within the HER2-negative category
and did not influence treatment decisions. However, recent evidence has highlighted its
potential biological and therapeutic relevance #* ?°. However, this paradigm shifted
significantly after the DESTINY -Breast04 trial. This study randomized 557 patients with
HER2-low metastatic BC in a 2:1 ratio to receive either trastuzumab deruxtecan (T-DXd)
or the physician’s choice of chemotherapy. All patients had previously received 1-2 lines
of chemotherapy in the metastatic setting, and endocrine resistance was considered in
HR-positive cases. The trial demonstrated the superiority of T-DXd over standard

chemotherapy, reinforcing HER2-low as a clinically relevant category *’.

Our findings suggest distinct survival patterns among breast cancer subtypes, supporting
the notion that HER2-low breast cancer may represent a clinically and biologically
unique disease entity. Patients with TNBC/HER2-low breast cancer had significantly
better survival than those with TNBC/HER2-0. However, in patients with HR-positive
this difference was not observed. No statistically significant survival differences were
observed among the other subtypes. Additionally, our study indicated that hormone
receptor negative patients had a higher risk of mortality than HR-positive patients,

reinforcing the prognostic relevance of HR status.

While some studies have argued that HER2-low is not a distinct biological entity—
suggesting its features are largely driven by HR status—our data challenge this

assumption ** .

In our large and diverse Brazilian cohort, HER2-low tumors
demonstrated clinical characteristics and survival trajectories that remained distinct even
after stratification by HR status, including within luminal A-like and luminal B-like
subgroups. These findings suggest that HER2-low tumors may represent a unique clinical

phenotype within the broader breast cancer landscape, warranting further investigation



into their biological underpinnings and therapeutic implications. These findings are
consistent with recent Brazilian data by Antonini et al. (2024), who also demonstrated the
prognostic relevance of HER2-low status in a real-world cohort .

Although our study was not designed to assess treatment efficacy, the distinct survival
patterns observed in TNBC/HER2-0 tumors suggest they may respond differently to
adjuvant therapies. These patients had better outcomes than those with TNBC/HER2-0.
This intermediate prognosis may indicate a window for personalized strategies for future
studies.

Our cohort exhibited distinct characteristics compared to prior reports. Notably, only
20.75% of patients had HER2-low BC, which is considerably lower than the 40-50%
prevalence reported in previous studies ** %2, In addition, we observed a temporal increase
in HER2-low classification from 2010 to 2019, consistent with global trends. This pattern
likely reflects progressive improvements in immunohistochemical testing accuracy and
the increasing recognition of HER2-low as a clinically meaningful category, especially
following the updated ASCO/CAP guidelines in 2013 and the emergence of HER2-
targeted ADCs.

Several factors could explain this discrepancy: 1) Variability in IHC methodologies —
Differences in antibodies and testing protocols could influence HER2 classification; 2)
Challenges in distinguishing HER2 0 vs. HER2 1+ — Until recently, differentiating HER2
0 from HER2 1+ had little clinical relevance, possibly leading to misclassification in
pathologic assessments; 3) Pathology reassessment discrepancies — A study reported that
only 15% of cases initially categorized as HER2 0 remained unchanged upon central
review, with 76% being reclassified as HER2-low % highlighting the potential
subjectivity in HER2 scoring; In our cohort, 3,109 tumors were initially classified as
HER2 0. Applying the 76% reclassification rate observed in the literature suggests that
approximately 2,363 of these cases might have been HER2-low, which would increase
our estimated prevalence to nearly 47%, aligning with international data. 4) Tissue
sample variability — Differences between biopsy and surgical specimens could influence
HER2 status, as it has been demonstrated before * and finally 5) Study population
differences — Our sample slightly differed from other Brazilian studies * 3% 3*. For
example, in the AMAZONA retrospective cohort, the mean patient age was 54 years,
39.1% were premenopausal, and most had Stage 11 (53.5%) or Luminal A-like (49.4%)

BC. In contrast, our cohort had a mean age of 56 years, with a majority having Stage 11



and Luminal B-like (28.62%) 3. Although our prevalence was lower than in prior studies,
our cohort provides valuable real-world insights specific to a Brazilian population.
Consistent with previous studies, HER2-low BC had better OS than TNBC ** % %,
However, Luminal A-like patients had significantly better OS than HER2-low patients,
suggesting a prognostic hierarchy. The pCR rates varied by subtype, and our findings
align with a recent real-world study demonstrating the importance of trastuzumab in
HER2+ BC for achieving pCR and its impact on OS. Several studies have investigated
the association between pCR and OS, highlighting its prognostic significance,
particularly in TNBC and HER2+ BC 38,

A systematic review of 52 studies involving 27,895 patients showed that achieving pCR
significantly improved event-free survival and OS, with outcomes being independent of
adjuvant chemotherapy. These findings emphasize the role of tumor biology and
micrometastatic disease clearance in survival *. Our data align with this evidence,
reinforcing that HER2-low BC patients who achieve pCR have significantly better OS. A
recent Brazilian real-world study corroborated these findings “°.

However, some studies report conflicting results. For example, a 2021 study found no
significant differences in response rates or recurrence risk between HER2-low and
HER2-negative BC in patients receiving neoadjuvant chemotherapy *2. This highlights
the need for further research to clarify the clinical relevance of HER2-low status.

Our findings support the hypothesis that HER2-low BC may be a distinct biological
subtype, consistent - with the work of Denkert et al., who reported unique
clinicopathological features, reduced chemotherapy responsiveness, and improved
survival compared to HER2 0 tumors *. This is further supported by Schettini et al., who
recently demonstrated biological heterogeneity within HER2-low tumors, particularly
among young women with germline BRCAL1/2 mutations, suggesting that germline
predisposition may further influence HER2 expression profiles and therapeutic
responsiveness “2. However, other studies challenge this notion. Tarantino et al. (2022) *,
in a cohort of 5,235 HER2-negative BC patients, observed that most clinicopathologic
differences between HER2 0 and HER2-low could be attributed to HR status . After
adjusting for HR status, HER2-low and HER2 0 had no significant prognostic
differences, casting doubt on whether HER2-low should be considered a separate entity.
Our findings also underscore the prognostic heterogeneity within the HER2-low
subgroup. When stratified by hormone receptor status, HER2-low/HR-positive patients
demonstrated markedly better overall survival than HER2-low/HR-negative patients. This



aligns with emerging literature suggesting that HER2-low tumors do not represent a
uniform biological entity, and that hormone receptor co-expression remains a dominant
driver of outcome. These results reinforce the need to interpret HER2-low status in
conjunction with HR status, especially when considering treatment selection and trial
eligibility in this evolving landscape.

Our multivariate analysis confirms that early-stage diagnosis, chemotherapy (both
neoadjuvant and adjuvant), hormone therapy, and radiotherapy significantly improve OS.
Patients who did not receive these treatments had notably higher mortality risks,
emphasizing the need for comprehensive, individualized treatment strategies.

Although our multivariate analysis accounted for several prognostic variables—including
tumor stage, hormone receptor status, and receipt of systemic therapies—some
potentially important confounders could not be evaluated due to limitations of the dataset.
Specifically, information on comorbidities, performance status, and treatment adherence
(such as compliance with endocrine therapy) was not- systematically recorded.
Additionally, novel agents such as CDK4/6 inhibitors, which are not routinely available
in the Brazilian public healthcare system, were not included in our treatment variables.
These unmeasured factors may influence survival outcomes and should be considered in
future prospective or registry-based studies with more granular clinical data.

This study has several strengths, including the use of a large real-world cohort
representing diverse BC cases across Brazil, along with an extended follow-up period that
allowed for a robust overall survival analysis. However, some limitations should be
considered. The retrospective design inherently introduces biases, and variability in
pathology assessments must be acknowledged, as ER, PR, HER2, and Ki-67 were
determined from local pathology reports without central confirmation. Additionally, Ki-
67 scoring was performed manually, without automated quantification, which may have
introduced interobserver differences . The long inclusion period during which treatment
guidelines evolved could also be a limitation. However, given that the public healthcare
system follows strict protocols, treatment regimens remained relatively stable. Notably,
CDK 4/6 inhibitors and immunotherapy for TNBC remain unavailable, and
chemotherapy (anthracyclines and taxanes) was the primary systemic therapy.

We recognize that excluding patients with missing data may introduce selection bias.
Although the majority of baseline characteristics were comparable between included and
excluded patients, we observed statistically significant differences in age and clinical
stage, particularly stage Il. These differences were modest and unlikely to meaningfully



impact the overall findings, but they highlight the inherent limitations of retrospective
real-world datasets. Importantly, the large sample size, diverse population, and robust
statistical analyses support the generalizability of our results despite these minor
imbalances.

Furthermore, changes in HER2 testing guidelines over time may have influenced
classification. HER2-targeted treatment availability evolved over the years. Trastuzumab
was introduced for advanced disease in 2011 and later incorporated into the neoadjuvant
and adjuvant settings in 2013. This has impacted survival among Brazilian patients.** In
2018, the combination of trastuzumab and pertuzumab became available exclusively for
advanced disease, while T-DM1 has not yet been introduced in any clinical scenario
within the public healthcare system.

In addition to these limitations, we conducted an exploratory analysis to investigate
potential disparities related to ethnicity and tumor subtype distribution. Our analysis
revealed statistically significant differences across self-reported ethnic groups, with
triple-negative tumors more frequently observed among Black and Brown women, and
Luminal A-like and B-like subtypes more prevalent among White patients. These
findings are consistent with previous literature suggesting that tumor biology may vary
across ancestral backgrounds. Although we did not find significant differences in
treatment receipt (e.g., chemotherapy, radiotherapy) or alcohol consumption, the absence
of detailed socioeconomic data may limit interpretation. These patterns raise the
possibility that ethnicity-related biological features — possibly compounded by
unmeasured structural inequities — could influence disease behavior and outcomes.
Future studies should aim to incorporate granular sociodemographic and genomic data to
further elucidate these associations in diverse populations. Given the potential racial and
ethnic differences in cancer biology, caution is warranted when extrapolating these

findings to broader populations outside of Brazil.

Conclusion

The study revealed that HER2 expression significantly influences the overall survival
rates of breast cancer patients in TNBC. The findings gleaned from this research offer
valuable guidance for tailoring management strategies to the distinct subtypes of breast
cancer, thereby enhancing patient outcomes. Furthermore, these insights will inform the

advancement of novel therapies tailored specifically for HER2-low breast cancers.



Further prospective studies are warranted to validate these findings and optimize HER2-

low treatment strategies.
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Figure legends.

Figure 1: Patients enrolled in the study.

Figure 2: OS differences between the HER2-low subtype and the other BC subtypes.

Figure 3: OS in HER2-low BC (positive and negative HR status).

Figure 4: OS according to HER2-low status in TNBC and HR-positive subtypes

Figure 5: Effect of Ki67 levels on OS in HER2-low subtype.

Figure 6: OS multivariate analyses in HER2-low.

Tables

Table 1: Characteristics of patients with breast cancer at diagnosis.

Table 2: Distribution of breast cancer subtypes according to clinical stage.



