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Subtype-specific prognostic impact
of Bcl-2 in HER2-positive and
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Bcl-2, a key regulator of cellular apoptosis, is typically linked to adverse prognosis in solid tumors

due to its inhibition of apoptotic cell death and promotion of cellular proliferation, leading to tumor
progression. However, studies on Bcl-2 in breast cancer have shown inconsistent results, with some
indicating favorable outcomes. This study aims to determine the subtype-specific role of Bcl-2 in
breast cancer. Female breast cancer patients who completed primary treatment at Wonju Severance
Hospital, Korea, from 2004 to 2018 were included. Clinicopathological characteristics, including Bcl-2
expression, were collected, and patients were classified based on Bcl-2 expression in more than or

less than 10% of tumor cells. Kaplan-Meier curves compared recurrence-free interval (RFI) and overall
survival (OS). The final cohort of 617 patients, with a mean age of 54.79 + 11.2 years, showed no overall
survival difference by Bcl-2 status (p=0.616). In HER2-overexpressed patients, high Bcl-2 expression
was linked to poor prognosis (p=0.0021). This trend appeared in ER-positive (p=0.297) and ER-
negative (p =0.029) subgroups. Conversely, in HER2-negative patients, Bcl-2 overexpression indicated
better survival (p =0.009), consistent in ER-positive (p =0.259) and ER-negative (p=0.010) subgroups.
Bcl-2's impact on survival varies with HER2 status, showing poor prognosis in HER2-overexpressed and
better prognosis in HER2-negative patients.
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Breast cancer is one of the leading causes of death worldwide, including in Korea!=. Advances in understanding
breast cancer biology have allowed for the definition of different subtypes based on estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) overexpression status.
This understanding has also led to improved patient survival through the use of appropriate targeted agents.
Further exploration of additional factors beyond ER, PR, and HER?2 status, such as BRCA1/2 and PIK3 mutation
status, has refined treatment options and contributed to the development of new targeted therapies. Therefore, a
comprehensive understanding of tumor biology is critical for improving patient outcomes.

B-cell lymphoma 2 (Bcl-2) is a key regulator of cellular apoptosis. Its overexpression in solid tumors is
expected to be associated with an adverse prognosis, because it inhibits apoptotic cell death and promotes
cellular proliferation, leading to tumor progression. Unlike in hematologic malignancies, studies on Bcl-2
in breast cancer have reported inconsistent results, with some indicating favorable outcomes, particularly in
ER-positive disease®. Recent research has highlighted the heterogeneity in ER-positive breast cancer based on
varying levels of positivity, ranging from 1-100%. In contrast, HER2 positivity requires strict adherence to
a certain set of criteria, reducing heterogeneity in pathological diagnosis. Given that confounding factors can
interfere with accurate analysis, understanding the role of Bcl-2 in the context of subtypes, particularly HER2
status rather than ER positivity, could provide valuable insights.

This study aimed to determine the subtype-specific role of Bcl-2 in breast cancer, with a particular focus on
patient survival in the context of HER2 positivity.

Materials and methods

Study population

This retrospective cohort study included female patients diagnosed with stage I-III breast cancer between January
2004 and December 2018 who had completed all phases of primary treatment as indicated. The institutional
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review board of Wonju Severance Christian Hospital, Wonju, Korea, approved this study (CR323024), and the
requirement for informed consent was waived due to its retrospective nature.

Inclusion and exclusion criteria

Given the retrospective nature of the study, all patients diagnosed within the study period were considered
candidates. Patients were excluded if they had stage IV disease, refused or could not complete treatment, or
had insufficient clinical data, including patient age, tumor size, lymph node status (number of positive lymph
nodes and all lymph nodes if axillary lymph nodes were dissected), ER, PR, and HER2 statuses, Bcl-2 status, and
survival data appropriate for statistical analysis.

Clinicopathologic data

Clinicopathologic characteristics, as described above, were collected. ER, PR, and HER?2 statuses were obtained
from pathology reports, which were determined based on the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) 2010 and 2013 guidelines”®. Briefly, tumors were classified as ER-negative
and PR-negative if they showed < 10% reactivity until 2010; the thresholds for ER and PR positivity decreased
to < 1% since June 2010. HER2 status was assessed using immunohistochemical (IHC) staining and was defined
as positive if the score was 3. Fluorescent in situ hybridization was selectively performed if the IHC staining
score was 2, based on the cut-off value proposed by the ASCO/CAP 2013 guidelines”®. The combination of
ER, PR, and HER2 statuses yielded eight subgroups. Patients were stratified into two groups based on Bcl-2
expression levels: Bcl-2-high, defined as equal to or greater than 10% of tumor cells expressing Bcl-2, and Bcl-
2-low, defined as less than 10% of tumor cells expressing Bcl-2°-11, Patient survival data were retrieved from the
breast cancer database at Wonju Severance Christian Hospital and the Korean National Cancer Center database.

Statistical analysis

The x? test or Fisher’s exact test was used to compare the frequencies of categorical variables depending on the
expected frequency. Continuous variables were analyzed with the Student’s t-test. The primary endpoints were
recurrence-free interval (RFI) and overall survival (OS). In accordance with the standardized definitions for
efficacy endpoints in adjuvant breast cancer trial criteria'2, RFI was defined as the time from the date of primary
diagnosis to the date of one of the following events: invasive ipsilateral breast tumor recurrence, local or regional
invasive recurrence, distant recurrence, or death from breast cancer. OS was defined as the time from the date of
primary diagnosis to the date of death from any cause (breast cancer, non-breast cancer, or an unknown cause)'2.
To compare survival rates, Kaplan-Meier (KM) curves were generated and compared using the log-rank test.
The Cox proportional hazards model was used to identify risk factors for poor survival. Impact of Bcl-2 on RFI
was adjusted for potential confounding variables, including patients age, tumor size, axillary node metastasis,
ER, PR, and HER2. Statistical analyses were performed using SPSS (version 25.0; IBM, Armonk, NY, USA).
Statistical significance was set at p <0.05.

Results

Baseline characteristics: clinicopathological and Bcl-2 perspective

The final cohort comprised 617 patients (Fig. 1). The mean age was 54.8 +11.2 years, and the mean tumor size
was 2.17+1.49 cm. More than two-thirds of the patients had node-negative disease (70.0%). Approximately
two-thirds of the patients had ER-positive disease (68.9%), and a quarter had HER2-overexpressed disease
(74.2%). Over three-quarters of the patients exhibited high Bcl-2 expression (84.3%). There were no significant
differences in age, tumor size, or nodal positivity when patients were stratified by Bcl-2 status (Table 1). However,
patients with high Bcl-2 expression were more likely to have ER-positive disease (p=0.012) and HER2-negative
disease (p <0.001) compared to those with low Bcl-2 expression (Table 1).

Bcl-2 status and RFI
There was no overall difference in RFI based on Bcl-2 status (p=0.616, Fig. 2A). However, when categorized
by HER2 status, cl-2 status was associated with a statistically significant difference in prognosis (Fig. 2B,C).
Interestingly, the impact of Bcl-2 on RFI was reversed depending on HER?2 status. In cases of HER2 overexpression,
high Bcl-2 was associated with an adverse prognosis (p=0.021, Fig. 2B). Conversely, in HER2-negative cases,
high Bcl-2 correlated with a favorable prognosis (p=0.009, Fig. 2C). This trend persisted even after further
stratification by ER status (Fig. 3 and supplementary Figs. 1 and 2). In patients with HER2-overexpressed disease,
high Bcl-2 status showed a statistically significant survival disadvantage in ER-negative disease (p=0.029), while
a non-significant trend was noted in ER-positive disease (p=0.297). Similarly, in HER2-negative disease, the
RFI advantage in high.

Bcl-2 status was significant in ER-negative patients (p=0.010) and showed a favorable trend in ER-positive
patients (p=0.259) (Fig. 3).

Bcl-2 as an independent risk factor

The Cox hazard model revealed varying results regarding the impact of high Bcl-2 expression on patient survival.
While tumor size, metastatic nodal disease, and ER and PR positivity consistently influenced recurrence-free
survival, the effect of high Bcl-2 expression significantly depended on HER2 status (Fig. 4). Specifically, Bcl-2
expression equal to or higher than 10% of tumor cells (high Bcl-2) demonstrated divergent outcomes based
on HER?2 status. In HER2-positive patients, high Bcl-2 expression was associated with a significantly adverse
prognosis for RFI (Hazard ratio (HR) 7.53, 95% Confidence interval (CI) 4.03-8.29). Conversely, in HER2-
negative patients, high Bcl-2 expression correlated with a favorable RFI (HR 0.43, 95% CI 0.22-0.84).
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| 1505 patients were registered between 2003 - 2013 |

—| 888 patients were excluded due to lack of Bcl-2 data |

617 patients were eligible [——————] 286 Negative HER2, Positive ER, positive PR _ |

— 71 Negative HER?, Positive ER, negative PR _ |

—| 10 Negative HER2, negative ER, positive PR ‘

—| 90 Negative HER2, negative ER, negative PR |

—| 52 Positive HER2, positive ER, positive PR ‘

—| 14 Positive HER?, positive ER, negative PR |

——{ 18 Positive HER2, negative ER, positive PR |

—| 76 Positive HER2, negative ER, negative PR |

Overall patients with breast cancer

HER2 status

ER status

Fig. 1. Study Profile: A total of 617 patients were diagnosed with primary breast cancer and completed their
planned treatment between 2004 and 2018. Data from 617 patients were analyzed after excluding 888 patients
without Bcl 2 data. Breast cancer subtyping data and study flow were described.

Discussion

This study demonstrated that Bcl-2 status exhibited opposing effects on patient survival based on HER2 status
in breast cancer patients. Furthermore, our observations suggested that ER positivity may act as a confounding
factor when investigating Bcl-2.

Variations in ER- and HER2-mediated pathways have been extensively documented and investigated in breast
cancer research!>!%, However, their clinical applications have evolved differently based on available systemic
treatments. Determining ER positivity has been the initial step in identifying the biological characteristics of
breast cancer in clinical practice. Indeed, clinical guidelines developed by the NCCN, ASCO, and ESMO have
endorsed this approach for some time'*-'%. Conversely, HER2 was not recommended as a biomarker until
trastuzumab was incorporated into clinical practice!®?. Interestingly, the recently published ASCO guidelines
propose evaluating HER? status as the first step in managing early breast cancer®!. In this study, we also applied
HER? status as the primary biomarker to identify the biological characteristics of tumors, revealing statistically
significant results in patient survival.

Focusing the analysis on HER2 status clarified statistically significant results that are not always consistent in
existing literature, particularly in the context of ER status. HER2 status appeared to be associated with conflicting
results regarding high Bcl-2 status and patient survival, showing a significantly unfavorable prognosis in HER2-
overexpressed tumors and vice versa. These discrepant results were not altered by ER status, suggesting that
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Overall (n=617) | BCL2 low (n=97) | BCL2 high (n=520) | p value
Mean age + deviation, yr 54.8+11.22 52.86+11.62 55.15+11.12 0.65
Mean tumor size + standard deviation, cm | 2.17 +1.49 2.09+1.21 2.19+1.53 0.58
Nodal disease (n, %) 0.054
Negative 432(70) 76(78.4) 356(68.5)
Positive 185(30) 21(21.6%) 164(31.5)
ER (n, %) 0.012
Positive 425(68.9) 56(57.7) 369(71.0)
Negative 192(31.1) 41(42.3) 151(29.0)
PR (n, %) 0.573
Positive 368(59.6) 42(43.4) 207(39.8)
Negative 249(40.4) 55(56.7) 313(60.2)
HER2 (n, %) <0.001
Negative 458(74.2) 55(56.7) 403(77.5)
Positive 158(25.6) 42(43.3) 116(22.3)
Missing 1(0.2) 0 1(0.2)

Table 1. Baseline characteristics of the patients.

HER2 status could serve as a biomarker to determine whether Bcl-2 is associated with a favorable or unfavorable
prognosis in breast cancer.

The inconsistent results regarding the role of Bcl-2 in the survival of patients with breast cancer underscore
the importance of biomarkers. Biomarkers are measurable indicators of some biological state or condition?.
In medicine, biomarkers are intended to measure characteristics of normal biological processes, pathogenic
processes, or responses to exposure or interventions, including therapeutic interventions in the context
of a disease of interest; thus, they provide valuable information that may reduce uncertainty in practice???.
However, Bcl-2 has shown discrepant and inconsistent results in breast cancer, often indicating mixed outcomes
or even favorable prognosis in ER-positive breast cancer. In this study, although high Bcl-2 expression did
not demonstrate a significant survival difference in the general cohort, it showed statistical significance when
patients were stratifled based on HER?2 status. This indicates its potential as a biomarker, particularly in HER2-
positive breast cancer. Therefore, considering the distinct subtypes contributing to the heterogeneity of breast
cancer, careful and appropriate patient selection, such as HER2-based categorization, is critical for the successful
identification of relevant biomarkers.

The reasons behind the discrepant results of Bcl-2 activity based on HER2 status remain unclear. It is
known that not all tumors with HER2-overexpressed biology respond successfully to HER2-targeting agents?*.
HER2-targeted therapies have significantly improved the prognosis of HER2-positive breast and gastric cancer.
Interestingly, while HER2-targeting treatment in breast cancer requires a strict definition of HER2 overexpression,
gastric cancer does not?*?>2°, Moreover, HER2 overexpression and mutation are pathogenic drivers in non-
small cell lung cancer and colorectal cancer; however, to date, no approved HER2-targeted therapies exist for
these indications?®. These variations in response to targeted agents suggest biological differences among and
within tumors®*. Therefore, the variability in downstream signaling pathways activated by Bcl-2 and HER2 may
lead to different clinical manifestations, warranting further investigations in future studies.

This study has some limitations. First, its retrospective nature may introduce potential biases, such as
selection bias and recall bias, which may affect the validity of the findings. We included 617 patients among 1,505
potential candidates, accounting for approximately 41% of all patients. A total of 888 patients were excluded
due to insufficient data, primarily related to Bcl-2. Determining the reasons for data incompleteness on Bcl-2
through retrospective chart review is highly limited, making potential selection bias inevitable in this study. The
retrospective design also makes it impossible to control for confounding variables, such as treatment variations,
comorbid conditions, or lifestyle factors, which could influence patient outcomes and survival. Therefore, results
found in this study should be confirmed in well-controlled future studies. Another bias arises from the nature of
a single-center study. Conducting the study at a single institution may limit the generalizability of the results to
other populations or settings. Despite the relatively large sample size (617 patients), certain subgroup analyses
(e.g., based on HER2 and Bcl-2 status) might still be underpowered, potentially limiting the ability to detect
significant differences, highlighting the necessity for confirmation in other cohorts. Additionally, changes in
the thresholds for ER and PR positivity over the study period, mostly based on ASCO/CAP guidelines, could
introduce inconsistencies in the classification of receptor status, affecting the study’s internal validity. Moreover,
evolving treatment strategies, which heavily influence patient survival, have also changed over time. In summary,
this study has exposed limitations primarily stemming from its retrospective design. However, we also believe
that retrospective studies can inspire basic research to answer questions arising from clinical practice. We hope
that follow-up studies can address the discrepant behavior of Bcl-2 in breast cancer, leading to the identification
of appropriate patient groups suitable for Bcl-2-targeting agents.

In conclusion, HER2-based interpretation of Bcl-2 provided consistent and significant results in the context
of survival of breast cancer patients. It underscores the importance of appropriate categorization, HER2-based
in this case, for an adequate understanding of tumor biology. Cell signal transduction is a fundamental process
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Fig. 2. Recurrence Free Interval (RFI): (A) Kaplan Meier graphs comparing Bcl 2 low (blue line) and Bcl 2
high (red line) groups failed to show a significant difference (p=0.616). However, when patients were stratified
into HER2 overexpressed (B) and HER2 negative (C) groups, distinct patterns emerged.

in the development and progression of cancer?’. While high Bcl-2 has yielded mixed or even discrepant results
regarding survival in ER-positive breast cancer, leading to difficulties in interpreting the roles of Bcl-2 in breast
cancer®>!!, HER2-based analysis offered a clearer prognostic value. Therefore, incorporating HER2 status as
a primary factor in analyzing Bcl-2 could enhance the accuracy of prognosis and potentially guide targeted
therapies. Future studies should focus on further elucidating the molecular mechanisms underlying these
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Fig. 3. Recurrence-Free Interval (RFI) in Stratified Patient Groups: The inverse relationship between HER2
overexpressed and HER2 negative disease persisted after patients were further stratified according to ER status.
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Fig. 4. BCL2 as an Independent Prognostic Factor: This forest plot illustrates the hazard ratio (HR) and 95%
confidence intervals (Cls) for various prognostic factors. While conventional prognostic factors such as age,
tumor size, nodal metastasis, and ER negativity were significant poor prognostic factors, high BCL2 levels had
an opposite impact in HER2-positive and HER2-negative breast cancer. Detailed data regarding HR and CIs
are available in the supplementary table.

interactions and validating these findings in larger, multi-center cohorts to ensure broader applicability and
reliability of the results.

Data availability
The data that support the findings of this study are available on request from the corresponding author. The data
are not publicly available due to privacy or ethical restrictions.
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