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Abstract

Background: Breast cancer (BC) is the most common cancer in women, with metastasis being the leading
cause of mortality. The PI3K/PTEN/Akt/mTORCI1 signaling pathway plays a crucial role in cancer cell proliferation,
angiogenesis, and invasion, with mammalian target of rapamycin (mTOR) serving as a key regulator. Activation of
mTOR is associated with tumor growth and resistance to therapy in luminal and human epidermal growth factor receptor
2 positive (HER2-positive) BC subtypes. This study aims to explore the relationship between serum mTOR levels and
metastasis in luminal, HER2-positive and HER2-negative BC subtypes to assess the potential of mTOR as a predictive
biomarker and therapeutic target. Methods: This preliminary cross-sectional study included BC patients with luminal
HER2-positive or HER2-negative subtypes. Serum mTOR levels were measured using a Human ELISA kit. The optimal
cut-off point for mMTOR was determined using a Receiver Operating Characteristic (ROC) curve analysis. Statistical
associations between mTOR levels and metastasis were performed using the Chi-square or Fisher’s exact test, and the
prevalence ratio (PR) with a 95% confidence interval was calculated. Results: The ROC curve demonstrated an AUC
0f 0.996, with an optimal cut-off point for serum mTOR levels at 13.32 ng/mL, showing 100% sensitivity and 96.4%
specificity for predicting metastasis. The mean mTOR level was 58.39+£250.91 ng/mL, with 50% exhibiting elevated
levels (>13.32 ng/mL). Notably, mTOR levels were significantly higher in HER2-positive cases (113.59+381.87 ng/mL)
compared to HER2-negative cases (17.45+14.83 ng/mL; p=0.040). Elevated mTOR levels were significantly associated
with metastasis (p<<0.001), with a PR of 0.037 (95% CI: 0.005-0.253). Conclusions: Increased serum mTOR levels
(>13.32 ng/mL) are significantly linked to the presence of metastasis, particularly in HER2-positive BC. These findings
suggest serum mTOR as a promising biomarker for metastasis risk and a potential therapeutic target in luminal BC.
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Introduction

Breast cancer (BC) is the most common type of cancer
among women, with a global incidence of 2.3 million cases
in 2020 and a mortality rate of 685,000 deaths [1]. While
the incidence of BC is higher in developed countries,
mortality rates are, paradoxically, greater in developing
nations [2]. Risk factors for BC include reproductive,
hormonal, and lifestyle factors. Increased early detection
through mammography screening has contributed to
higher diagnosis rates in developed countries [3].

Based on molecular characteristics, BC is classified
into several subtypes: estrogen receptor (ER)-positive,
progesterone receptor (PR)-positive, human epidermal
growth factor receptor 2 (HERZ2)-positive, and
triple-negative breast cancer (TNBC). The luminal subtype

(ER-positive and/or PR-positive) is the most common,
whereas the HER?2-positive subtype is characterized by
rapid proliferation and responsiveness to HER2-targeted
therapy (3). Metastasis, which accounts for over 90%
of cancer-related deaths, is a primary contributor to the
high mortality rates associated with BC [4, 5]. The PI3K/
PTEN/Akt/mTORC1 signaling pathway plays a crucial
role in BC metastasis [6—8], with mammalian target of
rapamycin (mTOR) acting as a key regulator of cancer
cell proliferation, angiogenesis, invasion, and adaptation
to new environments [9—11].

In luminal and HER2-positive subtypes, mTOR
activation is associated with tumor growth and resistance to
hormonal and HER2-targeted therapies [ 12, 13]. Although
inhibitors such as rapamycin and its derivatives have
been developed as adjunct therapies, their effectiveness
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remains a challenge. While the role of the PI3K/Akt/
mTOR pathway in BC metastasis is well-established, and
its activation in luminal and HER2-positive subtypes is
linked to tumor growth and therapy resistance, specific
investigations into serum mTOR levels as a predictive
biomarker for metastasis, particularly within HER2-
stratified luminal BC subtypes, remain limited, especially
in the Indonesian population. Therefore, this study aims to
investigate the relationship between serum mTOR levels
and the presence of metastasis in luminal HER2-positive
and HER2-negative breast cancer subtypes to further
assess the potential of mTOR as a biomarker for metastasis
risk and a therapeutic target.

Materials and Methods

This preliminary cross-sectional study was conducted
at Dr. Wahidin Sudirohusodo Hospital and Hasanuddin
University Hospital, Makassar, over one year period
(August 2023 to July 2024). The study included BC
patients diagnosed with luminal HER2-positive or HER2-
negative subtypes.

Inclusion Criteria were patients diagnosed with
luminal BC subtypes (HER2-positive or HER2-negative),
patients with known metastatic status confirmed through
radiological examination, and patients who provided
informed consent. Exclusion criteria include patients with
incomplete medical records and patients who declined
participation. A total sampling method was used for
participant selection.

Metastasis Assessment

Metastasis was defined as the spread of BC to other
organs, confirmed through diagnostic imaging such as
head CT scan (for the brain), chest X-ray/CT scan (for
the lungs), abdominal ultrasound/CT scan (for the liver),
and bone scan, X-ray, or CT scan/MRI of the spine (for
bones and other organs) [14, 15].

BC staging

BC staging was determined according to the TNM
system from the American Joint Committee on Cancer
(AJCC), encompassing stages [A, IB, ITA, IIB, IIIA, ITIB,
HIC, and 1V [16, 17].

mTOR Levels Measurement

Serum mTOR levels were measured via venous blood
serum analysis using a Human ELISA kit (BT Lab, catalog
no. E3693Hu. Results were expressed in ng/mL. The
optimal cut-off point for serum mTOR levels to predict
metastasis was determined using a Receiver Operating
Characteristic (ROC) curve analysis. This analysis aimed
to identify the value that maximized both sensitivity
and specificity for distinguishing between patients
with and without metastasis. Serum mTOR levels were
subsequently classified as elevated (> the optimal cut-off
point) or not elevated (< the optimal cut-off point).

Data Analysis
Data analysis was performed using IBM SPSS version
21 (Armonk, NY: IBM Corp.). The relationship between
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mTOR levels and metastasis was analyzed using the
Chi-square test or Fisher’s exact test in cases with small
expected values. ROC analysis was conducted to determine
the optimal serum mTOR cut-off point for predicting
metastasis, assessing its diagnostic performance through
sensitivity and specificity. The association between mTOR
levels and metastasis was further quantified using the
prevalence ratio (PR) with a 95% confidence interval (CI).
Results were considered statistically significant at p <0.05.

Results

The ROC curve analysis demonstrated excellent
diagnostic performance with an Area Under the Curve
(AUC) value of 0.996 (99.6%), as illustrated in Figure 1.
This value indicates the superior discriminatory ability of
serum mTOR levels in distinguishing between patients
with and without metastasis.

The optimal cut-off point for serum mTOR levels
was determined to be 13.32 ng/mL. At this threshold,
the test achieved a sensitivity of 100%, indicating that
all metastatic cases could be accurately identified.
Concurrently, a specificity of 96.4% confirmed the test’s
capability to precisely identify most patients without
metastasis.

Patient age and cancer duration showed no statistically
significant relationship with serum mTOR levels, and
were therefore excluded from further analysis. The mean
mTOR level was 58.39+250.91, with 50% of participants
experiencing elevated mTOR levels (Table 1).

Further analysis revealed a significant association
between elevated serum mTOR levels (>13.32 ng/mL)
and the presence of metastasis (p<0.001) with a prevalence
ratio (PR) 0f 0.037 (95% CI: 0.005—0.253). This indicates
that elevated mTOR levels increase the risk of metastasis
in luminal BC by 0.037 times, as presented in Table 2.
Clinically, this finding is highly relevant, given that 100%
of patients with elevated mTOR levels were confirmed
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Figure 1. ROC Curve Analysis of Serum mTOR Levels
in Breast Cancer Metastasis.



Table 1. Characteristics of Participants
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Variable Frequency BC Subtype p-value
(%) Luminal HER2- Luminal HER2-
positive (n=23) (%) negative (n=31) (%)

Age (Mean+SD) (years) 48.31+43 50.83+8.87 46.45+9.54 0.0922
>60 6 (11.10) 2 (8.70) 4 (12.90) 0.488¢
<60 48 (88.90) 21 (91.30) 27 (81.70)

Duration of BC (mean+SD) (months) 10.48+4.96 10.87£5.75 10.19+4.37 0.964°

BC stage
1B 5(9.30) 0 (0.00) 5(16.10) 0.018*¢
IIA 13 (24.10) 7 (30.40) 6 (19.40)
1B 12 (22.20) 2 (8.70) 10 (32.30)

v 24 (44.40) 14 (60.90) 10 (32.30)

Metastasis
Present 26 (48.10) 14 (60.90) 12 (38.70) 0.107°
Absent 28 (51.90) 9 (39.10) 19 (61.30)

mTOR levels (Mean+SD) (ng/mL) 58.39+250.91 113.59+381.87 17.45+14.83 0.040*®
Elevated (>13.32) 27 (50.00) 14 (60.90) 13 (41.90) 0.169°
Not elevated (<13.32) 27 (50.00) 9 (39.10) 18 (58.10)

Note: BC, breast cancer; mTOR, mammalian target of rapamycin

Table 2. Association between Serum mTOR Levels and Clinicopathological Features of Luminal BC Patients

Clinical Feature mTOR Elevated mTOR Not Elevated p-value Prevalence Ratio
(>13.32 ng/mL) (<13.32 ng/mL) (95% CI)

Metastasis 26 (100%) 1 (3.6%) <0.001* 0.037 (0.005-0.253

HER? status 14 (60.9%) 13 (41.9%) 0.040* -

Stage IV 24 (88.9%) 0 (0.0%) 0.011* -

Note: mTOR, mammalian target of rapamycin; Chi-square or Fisher exact test; *significant at p<0.05

Table 3. Serum mTOR Levels in Luminal HER2+ vs
HER2— Patients

BC Subtype Mean m % p-value
TOR + SD (ng/mL) Elevated

HER2-positive 113.59 +381.87 60.9 0.040*

HER2-negative 17.45+14.83 41.9

to have metastasis, compared to only 3.6% in the group
with non-elevated mTOR levels. The proportion of
HER2-positive patients with elevated mTOR levels was
also higher (60.9% vs. 41.9%). Furthermore, elevated
serum mTOR levels were significantly associated with
Stage IV breast cancer (p=0.011), where all patients
(100%) with Stage IV disease presented with elevated
mTOR levels (Table 2).

Additionally, this study identified a significant
relationship between serum mTOR levels and HER?2
status and cancer stage. Patients with HER2-positive status
exhibited significantly higher mean serum mTOR levels
(113.59+381.87 ng/mL) compared to HER2-negative
patients (17.45+14.83 ng/mL) (p=0.040) (Table 3).

Discussion

This study significantly demonstrates that elevated

serum mTOR levels (>13.32 ng/mL) exhibit a strong and
significant association with the incidence of metastasis in
luminal BC patients, particularly within the HER2-positive
subtype. This finding is substantiated by the ROC curve
analysis, which revealed exceptional predictive capability
with an AUC of 0.996 (99.6%). This affirms that serum
mTOR levels serve as a highly reliable indicator for
determining metastasis in luminal BC. Furthermore, with
an optimal cut-off point of 13.32 ng/mL, serum mTOR
levels achieved 100% sensitivity and 96.4% specificity
in predicting metastasis, suggesting that this biomarker
holds substantial potential for accurate metastasis risk
identification in this patient population.

The characteristics of the study cohort indicate that
the majority of participants were under 60 years of age
(88.9%), with a mean age of 48.31 + 43 years. Although
the mean age and duration of breast cancer did not exhibit
statistically significant relationships with serum mTOR
levels, the clinical distribution of participants provides
important context. The majority of metastatic patients in
this study were at Stage IV (92.4%), while non-metastatic
patients tended to be in Stage IITIA and IIIB. This stage
distribution was statistically significant (p<0.001).
Moreover, a significant difference was observed in the mean
mTOR levels between HER2-positive (113.59 + 381.87
ng/mL) and HER2-negative patients (17.45 = 14.83 ng/
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mL) (p=0.040), with a higher prevalence of elevated
mTOR levels in the HER2-positive group. The correlation
between elevated mTOR and advanced disease stage, as
well as the significant differences in mTOR levels across
HER? subtypes, further reinforces the potential role of
mTOR as a metastasis biomarker in the clinical context
of luminal breast cancer.

Biological Role of mTOR in Cancer Pathophysiology
and Metastasis

The central role of mTOR in cancer pathophysiology,
particularly in breast cancer, is widely recognized [18,
19]. As a member of the phosphoinositide kinase-related
kinase (PIKK) family, mTOR functions as a primary
regulator of cellular responses to various stimuli,
including amino acid availability, energy status, oxygen
levels, and growth factor receptor signaling [6, 20]. mTOR
activation is a hallmark of various cancer types, including
breast cancer, and plays a crucial role in tumorigenesis
[9, 10, 18, 19]. mTOR forms two distinct complexes,
mTORC1 and mTORC?2, through interactions with
Raptor or Rictor [21, 22]. The activation of mTORC1, in
particular, phosphorylates key substrates such as p70S6K1
and 4EBP1, directly driving cancer cell proliferation and
growth by regulating protein synthesis essential for cell
growth [9, 10, 18, 19].

Beyond proliferation, the mTOR pathway significantly
contributes to the metastatic process through several
mechanisms. mTOR influences angiogenesis, the
formation of new blood vessels crucial for tumor
oxygen and nutrient supply, by promoting the release of
angiogenic factors such as vascular endothelial growth
factor [7, 23]. This enhanced angiogenesis supports tumor
growth and facilitates the dissemination of cancer cells
to other organs via the bloodstream. In the metastatic
process itself, mTOR regulates cancer cell migration
and invasion by modulating proteins that influence cell
motility [24]. The activation of the mTOR pathway
increases the ability of cancer cells to move and penetrate
surrounding tissues, which is a pivotal step in metastasis.
Furthermore, the mTOR pathway interacts synergistically
with other signaling pathways involved in metastasis, such
as the PI3K/AKT pathway, strengthening proliferation,
migration, and invasion signals, thereby increasing overall
metastatic potential [24]. mTOR activation also enhances
the resistance of cancer cells to apoptosis (programmed
cell death), enabling these cells to survive longer and
increasing their likelihood of spreading to other organs
[24]. Research in human and animal models has also
demonstrated that inhibition of the mTOR pathway can
suppress breast cancer metastasis, with mTOR inhibitors
like rapalogs showing potential in reducing the invasion,
migration, and metastatic potential of cancer cells [7, 8].

Comparison with Literature and Clinical Implications
This study, demonstrating a strong association between
elevated serum mTOR levels and metastasis, is consistent
with previous research that underscores the pivotal role
of the mTOR pathway in breast cancer progression and
aggressiveness. For instance, a study by An et al. [18]
reported that high expression of phosphorylated mTOR

3350 4sian Pacific Journal of Cancer Prevention, Vol 26

(p-mTOR) in invasive breast carcinomas correlated with
more aggressive tumor characteristics. However, their
study utilized tissue expression rather than serum levels
and did not specifically focus on metastasis prediction.
Similarly, Giotta Lucifero et al. [25] and Gargalionis et
al. [20] highlight the importance of the mTOR pathway in
various oncological contexts and tumor mechanobiology,
supporting the notion that mTOR dysregulation contributes
to malignant behaviors, including metastasis.

The novelty of our study lies in several crucial aspects.
First, our utilization of serum mTOR levels as a biomarker
offers a non-invasive and more accessible approach
compared to protein expression analysis in biopsy
tissues. This ease of sample collection has significant
practical implications for routine screening, monitoring,
and metastasis prediction in clinical practice. Second,
the stratification of patients into luminal HER2-positive
and HER2-negative subtypesallowed us to explore the
role of mTOR more specifically within the biological
heterogeneity of breast cancer, highlighting significant
differences in mTOR levels between these subtypes. This
supports the idea that mTOR pathway activation may
play a varied or more prominent role in specific subtypes,
particularly HER2-positive, consistent with the crosstalk
between the HER2 and PI3K/Akt/mTOR pathways.
Third, this study was conducted within the Indonesian
population, providing valuable data on this biomarker
in a demographic that may possess distinct genetic or
environmental characteristics.

The clinical implications of these findings are
substantial. With high sensitivity and specificity, serum
mTOR levels hold the potential to serve as a reliable
predictive biomarker for metastasis risk, enabling the early
identification of high-risk patients. This could facilitate
more informed clinical decisions, such as intensified
surveillance or modification of therapeutic plans for
high-risk patients. Furthermore, these findings reinforce
the potential of the mTOR pathway as a therapeutic target
in luminal breast cancer. mTOR-targeting drugs, such as
everolimus and sirolimus (rapalogs), have demonstrated
efficacy in delaying disease progression in breast cancer,
especially in luminal subtypes resistant to endocrine
therapy. Identifying patients with high serum mTOR levels
can assist in the selection of patients most likely to respond
to mTOR inhibitor therapy, guiding more personalized
and effective treatments. This approach could improve
patient outcomes by suppressing tumor growth and cancer
cell dissemination, as well as potentially overcoming
resistance to standard therapies.

Study Limitations

Despite these promising findings, this study has
several limitations. As a cross-sectional study, it can only
establish an association between serum mTOR levels and
metastasis, not a direct causal relationship. We cannot
determine whether elevated mTOR levels precede or are
a consequence of metastasis development. The relatively
small sample size may also limit the generalizability of
these findings to a broader population and hinder the
detection of more subtle associations. Therefore, future
research employing a prospective cohort study design with



a larger sample size is highly recommended. Prospective
cohort studies would allow for longitudinal monitoring of
serum mTOR levels and their correlation with metastasis
development, thereby providing stronger evidence of
causality and confirming the predictive role of mTOR
over time.

In conclusion, this study demonstrates that a serum
mTOR level cut-off of >13.32 ng/mL exhibits high
predictive accuracy (100% sensitivity, 96.4% specificity,
AUC 0.996) for metastasis in luminal HER2-positive and
HER2-negative breast cancer. Elevated serum mTOR
levels are significantly associated with an increased risk of
metastasis. These findings underscore the potential utility
of serum mTOR assessment as a valuable biomarker for
metastasis risk stratification, which can aid in treatment
planning and patient monitoring to ultimately improve
clinical outcomes in breast cancer patients.
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