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measured using the RECIST 1.0 criteria and verified through
bootstrap resampling. The statistical analysis showed that
cortisol concentration above the optimal threshold of 498
nMol/L is positively associated with chemoresistance, with an
Odds Ratio of 28.6 (p < 0.001). The ROC curve analysis
supported the optimal prediction threshold with an AUC of
0.89, showing a higher level of accuracy than standard
clinicopathological factors. Using the cortisol measurement
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I. INTRODUCTION

The problem of breast cancer continues to be one of the most critical concerns in the field
of health care. This disease is responsible for the largest number of deaths associated with cancer
in women all around the world. In Indonesia, the strategy aimed at overcoming cancer indicates
that there may be up to 63% growth in the burden related to this condition in 2040 provided the
existing strategies remain unchanged (Kementrian Kesehatan RI, 2024). When speaking about the
clinical course, it is worth noting that the third stage of development is the most common, which
1s associated with the absence of awareness about breast self-examination techniques (Dahliana
and Agustina, 2023). Another critical point here is that advanced cancer patients suffer from
circadian rhythm disorders, thus making their symptoms worse and contributing to negative
prognoses concerning survival rates (Gouldthorpe, Power and Davies, 2023).

Despite being regarded as the principal strategy for downstaging and elimination of micro
metastasis, therapy in case of advanced states of diseases can be adversely influenced by certain
physiological conditions in the body. At present, the methods of prognostics still mainly depend
on traditional parameters of clinicopathology including estrogen, progesterone, and histologic
grade. Nevertheless, considering contemporary criteria suggested by ASCO, even nowadays the
prognosis remains uncertain when dealing with particularly aggressive kinds of cancer such as
triple-negative and HER2 breast cancer (Andre et al., 2022). Moreover, although Ki-67 is a
frequently applied diagnostic criterion, its potential as a predictor of the effect of therapy is
hindered due to the lack of a common cut-off score (Rais et al., 2024). However, none of these
factors alone sufficiently clarifies the discrepancies in patients’ behavior. One more factor which
has gained increased attention in medicine in recent years and has proven itself effective in
affecting patients’ health condition is HPA axis disorder (Kanter et al., 2024). In contrast to
classical cellular biomarkers, which may show substantial discrepancies or modifications
following neoadjuvant therapy, systemic host biomarkers can prove more reliable for predicting
the outcomes of patients’ behavior (Yilmaz and Cavdar, 2022). Recent systematic evidence has
established the importance of identifying baseline biomarkers, including tumor and immune
biomarkers(van den Ende ef al., 2023).

Disorders associated with the HPA axis, such as elevated basal cortisol concentrations or
increased cortisol responsiveness, have been identified in the majority of studies on cancer patients
when comparing them to control groups (Kanter er al., 2024). Morning serum cortisol
concentration, as one of the biological indicators of systemic activation, is suggested to function
as a mediator of chemotherapy resistance due to inhibition of apoptosis mechanisms in the affected
cells. Despite the importance of this hormone in physiological processes, the employment of the
use of cortisol concentration as an independent predictive indicator and the identification of
accurate thresholds for stage III breast cancer patients are notably underrepresented.

Accordingly, the current study examines the potential influence of morning blood serum
cortisol levels on the effectiveness of anthracyclines in cases of neoadjuvant chemotherapy. The
use of the theories described within clinical oncology and psychoneuroendocrinology will help to
fill up the missing spot in relation to the dependability of the hormonal marker predictions under
the circumstances of treatment failure. In turn, the results achieved through this study will form a
base for developing more comprehensive strategies to manage women's health as it was suggested
by rujukan services reforming within the national health care policy (Kementrian Kesehatan RI,
2024).

The next sections of this paper will cover additional details in regards to the study. Section
IT will provide the methodology section, which will include longitudinal cohort design and
comprehensive statistical analysis strategy. Section III will provide the research findings,
including patients, diagnostic efficiency, and results comparisons. Finally, Section IV will
highlight the biological and applied aspects related to women's health.
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II. METHODS

In terms of its methodology, this research was very precisely formulated in accordance
with the STROBE guidelines, which were designed specifically for prospective cohort studies.

Study Design and Ethical Considerations

A descriptive observational study utilizing a prospective cohort design was conducted
during the timeframe between October 2016 to April 2017. This study was conducted at the
Division of Oncology, Dr. Saiful Anwar General Hospital, Malang, Indonesia. Approval from the
Research Ethics Committee was meticulously obtained for this study. Participants gave their
written informed consent after the complete disclosure of the purpose of the study and associated
risks.

Participant Selection and Eligibility

The sample population consisted of female patients suffering from confirmed
histopathologically stage IIl breast cancer who were eligible for anthracycline-containing
neoadjuvant chemotherapy (NAC).

o Eligibility criteria included being over 30 years of age, having a Karnofsky scale score of at
least 70%, good liver and kidney function, and no previous history of treatment with any form
of radiotherapy or systemic treatments.

e Criteria that excluded patients from participation included having uncontrolled medical
problems such as hypertension, heart failure, or diabetes; presence of other primary tumors, or
current inflammatory condition.

A sample size of 64 participants was calculated by applying a power analysis for a
significant effect, while leaving room for 10% possible drop-out rate.

Clinical Procedures and Biomarker Quantification

Venous blood samples were drawn at the time between 07:00 and 10:00 before starting the
first course of chemotherapy to obtain the maximum peak concentration of each circadian marker
in this time frame. This particular period of collection is chosen on the basis of established
protocols of detecting circadian markers with the aim of maintaining consistent conditions to
provide reliable results of the maximum prognostic importance (Skubic et al., 2025). The
determination of serum cortisol was dichotomized into "low/normal" (< 536 nMol/L) and "high"
(> 536 nMol/L) groups. In the experimental procedure, three courses of NAC chemotherapy with
anthracyclines were applied either according to the regimen FAC (5-Fluorouracil, Adriamycin,
and Cyclophosphamide) or CEF (5-Fluorouracil, Epirubicin, and Cyclophosphamide) via
intravenous route every 21 days.

Research Operational Schema

In order to promote an all-rounded knowledge of the process flow, the research process
flow was organized logically from the first step until the last step of analysis.

THRESHOLD VALIDATION
INPUT PROCESS OUTCOME
» Threshold Optimization |—>» Internal Validation >
Pre-treatment Serum ROC Curve Analysis (Youden Index) 1,000x Bootstrap Resampling Prediction of
Cortisol Data Y Optimal Threshold: Optimism-corrected AUC: Chemorefractoriness
498 nMol/L 0.87

Fig 1. Research Operational Schema

The framework illustrated in Figure 1 acts as a guide for operation to ensure the
simultaneous implementation of each step of intervention and observations. The accurate
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synchronization of the timing of biological sample collection and treatment was a crucial aspect
in reducing possible interfering factors.

Outcome Assessment Criteria

The clinical response was evaluated objectively after four weeks of completion of the third
cycle of chemotherapy. The tumor size was measured using highly accurate calipers and validated
through imaging modalities such as ultrasound and CT scans. The responses were categorized
based on RECIST 1.0 guidelines, which have been considered the most reliable method of
evaluating the efficacy of anticancer drugs in solid tumors despite the advent of newer imaging
biomarkers (Fournier et al., 2022):

1. Partial Response (PR): At least 30% decrease in the sum of longest tumor diameters.
2. Stable Disease (SD): Neither sufficient for PR nor PD.
3. Progressive Disease (PD): At least 20% increase in tumor size or appearance of new tumors.

To model initial prognostic factors, the responses were also separated into “good” (PR)
and “bad” (SD and PD) responses.

Extended Statistical Validation Strategy

In addition to improving the reliability of the results beyond simple regression analysis,
multiple-level statistical validation of the data was conducted using SPSS 22 and R 4.0. The
statistical analysis process is outlined in the Table 1.

Table 1. Analytical Framework for Multi-layered Statistical Validation and Predictive

Modeling
Validation Purpose of Analysis Reference
Method Context

Binary Logistic Evaluating cortisol level as an independent factor after Primary
Regression controlling for age, grade, and ER/PR/HER2 status. Analysis
ROC Curve Optimization of cortisol cut-off value along with Diagnostic
Analysis estimation of discriminatory power (AUC). Validation
Propensity Score  Achieving balance among confounders within high and . e
Magzhingy low Cortisgol groups (1:1 nglatching). ¢ Bias Mitigation
Bootstrap Performing 1,000 repeated samples in order to obtain Internal
Resampling optimism-corrected AUC and avoid over-fitting. Validation
Multinomial Comparison of cortisol’s differential ability as a Granular
Regression predictor for PR, SD, and PD response. Analysis
Sensitivity Robustness check for the relationship using median, Reliability
Analysis tertile, and ROC-based cut-off points. Check

The multi-faceted analytical approach described in Table 1 was specifically designed to
provide a high degree of internal validity while minimizing the risk of Type I errors. The
determination of the optimal predictive threshold for morning serum cortisol was executed through
Receiver Operating Characteristic (ROC) curve analysis, specifically utilizing the Youden Index
to ensure a robust and precise diagnostic cut-point for the biomarker (Hassanzad and Hajian-
Tilaki, 2024). Furthermore, to mitigate the risks of over-fitting and to ensure the stability of the
clinical prediction model, internal validation was performed using a 1,000-iteration bootstrap
resampling technique. Recent simulation evidence supports this approach, suggesting that repeated
bootstrapping using the full training dataset is superior to holdout testing for assessing the
performance of clinical prediction models by significantly reducing uncertainty and providing
more precise performance estimates (Eertink ez al., 2022). In addition to the multivariate modeling,
Spearman rank correlation was utilized to assess the non-linear associations between baseline
biological markers and clinical outcomes, a robust approach for analyzing the impact of tumor
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metabolism and microenvironment inflammation on treatment resistance (Menyhart, Fekete and
Gyorfty, 2024).All statistical tests were two-tailed with a significance threshold of p < 0.05.

III. RESULT

This stage of the study provides empirical information about the prognosis of the
connection between the hormonal signaling process and the effectiveness of chemotherapy. The
results that follow have been systematically arranged, from an initial evaluation of the baseline
characteristics of the study population to measuring the ability of the identified biomarkers to
predict the disease accurately by establishing diagnostic thresholds.

Baseline Clinicopathological Profiles

In total, 64 patients who were diagnosed with stage III breast cancer were considered in
this study. Demographic and clinical data were carefully analyzed to provide a balance in order to
construct further prediction models. Although age and subtypes varied among subjects, the
classical variables showed a certain level of homogeneity among all groups.

Table 2. Baseline Clinicopathological Characteristics and Their Association with Clinical

Response

Variable Good Response (n=40) Poor Response (n=24) p-value
Age (Mean + SD) 482+7.4 49.5+8.1 0.512
Tumor Grade (I1/ IIT) 18/22 10/ 14 0.784
ER Status (Positive) 26 (65%) 14 (58.3%) 0.589
PR Status (Positive) 22 (55%) 12 (50%) 0.696
HER?2 Status (Positive) 12 (30%) 8 (33.3%) 0.778
Baseline Cortisol (nMol/L) 421.5+84.2 6183 +1124 <0.001

It is clear from Table 2 that neither histopathological parameters nor age had a significant
role in differentiating between responders. However, there was a very significant difference in
baseline serum cortisol levels among patients with good responses and those with resistant disease.

Clinical Response and Endocrine Correlation

The overall clinical response rates were 62.5% (n=40) and 37.5% (n=24) for PR and poor
responses that included SD and PD, respectively. By categorizing the patients using a
predetermined threshold value of 536 nMol/L for the serum cortisol levels, 87.5% of the low-
cortisol patients showed a positive response compared to 37.5% of those with high serum cortisol
levels. Additionally, through the application of Spearman's correlation test, a statistically
significant inverse relationship existed between the continuous cortisol levels and tumor regression
(p = —0.62,p < 0.001).

Diagnostic Performance and Threshold Optimization

In order to evaluate the discriminating power of serum cortisol as a prediction tool, the
ROC curve analysis was done. The purpose of this step was to determine the best cutoff point that
can be used to predict chemorefractory status among this particular cohort of patients.
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Fig 2. ROC Curve Analysis

The result of the ROC curve analysis, as illustrated in Figure 2, showed an AUC value of
0.89 (95% CI: 0.81, 0.96). A cut-off point of 498 nMol/L was considered ideal, with sensitivity
and specificity values of 83.3% and 82.5%, respectively. This model’s robustness was further
confirmed through bootstrapping of 1,000 samples, during which an optimism-adjusted AUC of
0.87 was achieved. Such discriminatory ability is on par with the results found in the latest
systematic review reports, underscoring the importance of combining tumor and systemic
biomarkers in determining the effectiveness of neoadjuvant chemotherapy (van den Ende et al.,
2023).

Independent Prognostic Modeling

In the final step of the analysis, the results will be confirmed using binary logistic
regression, assessing whether cortisol still serves as an independent predictor once age, tumor
grade, and molecular indicators (ER, PR, and HER?2) are controlled for.

Table 3. Multivariate Logistic Regression for Predicting Poor Clinical Response

Predictor Odds Ratio (OR)  95% Confidence Interval p-value

High Cortisol (>498 nMol/L) 28.64 7.42,110.51 <0.001
Age (>50 years) 1.12 0.34, 3.68 0.854
Tumor Grade (III) 1.45 0.42,5.01 0.556
ER/PR Negative 1.28 0.38, 4.31 0.692
HER?2 Positive 0.88 0.22,3.54 0.861

As shown in Table 3, the multivariate analysis revealed that the presence of high levels of
serum cortisol was the only significant predictor of treatment failure. Individuals whose cortisol
levels exceeded 498 nMol/L had a risk of exhibiting poor response 28.6-fold higher than
individuals whose cortisol levels fell below this cutoff value. Such an independent link is important
clinically since high levels of cortisol promote the activation of anti-apoptotic pathways, including
the expression of X-linked inhibitor of apoptosis protein (XIAP), which leads to anthracycline
resistance (Devi ef al., 2021).

Comparative Evaluation and Methodological Novelty

For situating the empirical results in relation to the contemporary scientific environment,
a comparative analysis between the current work and other recent studies conducted and published
in leading journals focused on midwifery and women’s health research is required. Although there
is no question that several studies have shown the widespread presence of HPA axis dysregulation
among patients suffering from cancer (Kanter et al., 2024), translating this observation into an
effective predictive marker for NAC treatment has been rare. Indeed, the results from this study
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correspond well with those from other research examining the mechanisms by which GR facilitates
tumor development and resistance to chemotherapy (Shiang et al., 2023; Posani and Lange, 2024)
and support large-scale clinical data on certain cell death inhibitors contributing to ineffective
treatments (Devi et al., 2021). A structured comparison of these methodologies and findings is
detailed in Table 4.

Table 4. Comparative Analysis of Prognostic Frameworks and Methodological Novelty

Differentiation from Current

Study Reference Research Focus Primary Finding / Metric Study
Dahhana & Breast cancer Improved knowledge Focuses on educational
Agustina (2023) . : . .
. awareness and BSE correlates with earlier intervention rather than
(Dahliana and knowledge detection biochemical prognostic indicators
Agustina, 2023) ge- : prog '
Kanter et al. HPA axis dvsfunction Confirmed increased Lacks a specific diagnostic
(2024) (Kanter et . ystt baseline cortisol across threshold for predicting NAC
1n cancer patients. . ..
al.,2024) diverse stages. clinical response.
Devi et al. (2021) . Higher XIAP correlates Focuses on protein or mRNA
. XIAP expression and . . .
(Devi et al., . with lower pCR rate and expression rather than the systemic
chemoresistance. . ; .
2021) survival. endocrine trigger.
Posani & Lange . . Identified molecular Limited to in-vitro/organoid
. GR and MR signaling . . ;
(2024) (Posani in TNBC models pathways for migratory and  models without prospective human
and Lange, 2024) ’ invasive behavior. clinical validation.
Pereira et al. Cortisol as a moderator ~ Nadir cortisol moderates Evaluates psychological morbidity
(2022) (Pereira et of quality of life treatment adverse effects rather than clinical tumor
al., 2022) (QoL). and QoL. regression (RECIST).
ooy et ittt g, D v it o
Y P threshold; OR 28.64. SP ng
response. clinical validation.

The main contribution of this work is the discovery of a clear, highly precise endocrine
biomarker (threshold of 498 nMol/L), which proves to predict chemotherapy resistance better than
conventional clinicopathological factors. Although there are many studies using cellular-specific
markers like ER, PR, or HER2, this work indicates that the physiological stress of the patient
indicated by their cortisol levels is actually an excellent independent factor that predicts
chemorefractory cases.

The second strength of this study is based on the extensive statistical verification of its
findings. In contrast with common practice of conducting univariate regression analysis, the
authors implement state-of-the-art techniques, such as propensity score matching and
bootstrapping with 1000 resamples to optimize for optimism, which has been shown to give better
estimations in clinical prediction models (Eertink ef al., 2022). ROC analysis of the data is
conducted with Youden index-based threshold optimization, a clinically validated procedure of
ROC analysis (Hassanzad and Hajian-Tilaki, 2024). Therefore, the Odds Ratio of 28.6 calculated
in this manuscript is based on statistically robust data. By linking the knowledge from
psychoneuroendocrinology and clinical oncology through this complex data analysis, the present
paper sets a new benchmark for women's health studies.

IV. DISCUSSION

In the discussion, you need to give an interpretation of your findings and show the
relevance of your results relative to what was previously known regarding the research problem.
In addition, you must explain whether there has been any gain in knowledge or insight gained
concerning the research problem due to the inclusion of your results in the analysis. It should be
noted that although your discussion will relate to your introduction in terms of research questions
or hypotheses that were posed as well as the review of literature done, your discussion will never
repeat or paraphrase the introduction.
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The results of the study clearly confirm that the concentration of the systemic
glucocorticoid impacts the effectiveness of adriamycin-based neoadjuvant chemotherapy in case
of stage III breast cancer. The study results are congruent with the assumption that the HPA axis
disorders are common phenomena in case of cancer patients resulting in abnormal cortisol levels
associated with worse prognoses (Gouldthorpe, Power and Davies, 2023; Kanter et al., 2024).
According to the current research, the pre-treatment serum cortisol level is not only an indicator
of stress, which was proved by meta-analysis showing the sensitivity of cortisol level to chronic
psychological stress (Burke ef al., 2005), but also a powerful predictor of chemorefractory disease,
which achieves an OR value of 28.6 compared to standard clinicopathological parameters used in
diagnosis and prediction, thus exceeding the significance of such variables as HER-2 expression,
Ki-67 index and hormone receptor status.

However, the biological plausibility of such observations lies in the intricate biochemical
interaction between the HPA axis and the tumor microenvironment. Prolonged elevation of
cortisol levels induces the activation of glucocorticoid receptors (GRs), which lead to the
formation of advanced phenotypes in cancer and increased expression of gene clusters responsible
for cellular metabolism, invasiveness, and drug resistance (Posani and Lange, 2024). In particular,
upon stimulation, activated GRs migrate to the nucleus, promoting the expression of anti-apoptotic
genes, specifically Bcl-2 and XIAP (Antoni et al., 2006; Chintamani et al., 2011; Devi et al.,
2021). Indeed, the large-scale body of clinical research indicates that overexpression of XIAP is
independently linked to chemoresistance and poor survival rates among patients with invasive
breast cancer, especially those with hormone-receptor positivity (Devi et al., 2021). The most
recent studies employing patient-derived organoids show that high GR activity may result in
immunosuppressive behavior, which can serve as a plausible explanation for immune and
chemotherapeutic resistance (Shiang et al., 2023). Importantly, this pathway is capable of
interfering with the mechanisms of cell death caused by anthracycline agents, as their cytotoxicity
depends on the induction of apoptosis through DNA damage and oxidative stress. Therefore, tumor
cells with elevated glucocorticoid signaling demonstrate viability despite therapeutic intervention,
resulting in stable or progressive disease (Menyhart, Fekete and Gyo6rffy, 2024; Posani and Lange,
2024).

Surprisingly, established variables including ER, PR, and HER2 status (Fitrayeni, Tilana
and Lisa, 2024) showed no predictive power in the multivariate analysis for this particular group.
Such inconsistencies reveal that in late-stage breast cancer cases, systemic host determinants could
outweigh cellular-based subtypes in influencing the initial reaction to chemotherapy treatment.
These results correlate with earlier findings that show how synchronicity of the circadian cycle
and host psychospiritual state play crucial roles in successful oncological treatments (Dahliana and
Agustina, 2023). Nonetheless, this present study offers a more refined biochemical benchmark of
498 nMol/L for this risk factor. The selection of this particular threshold is justified by recent
developments in diagnostic medicine, which emphasize the use of the ROC curve methodology
for improving the discriminant power of clinical biomarkers (Hassanzad and Hajian-Tilaki, 2024).

From an integrated perspective of women’s health and the aim of the Journal of Midwifery,
the above results reveal the need for a multidisciplinary approach to managing patients’ oncology
conditions. Because psychological stress is the main cause of HPA dysregulation, increased
cortisol concentrations are probably caused by the substantial psychosocial burden of receiving
stage III disease. Anxiety among women greatly depends on socioeconomic factors as well as
husbands’ and relatives’ support networks (Fitrayeni, Tilana and Lisa, 2024; Sukmanawati and
Yuliani, 2024). In addition, cortisol plays a key role in mediating the negative association between
treatment side effects and quality of life of breast cancer women (Pereira et al., 2022). The
application of stress mitigation measures, such as media or leaflet anxiety reduction strategies,
may be an important complementary strategy that will help to regulate the level of cortisol and
regain chemotherapeutic responsiveness (Iffah ez al., 2021; Sukmanawati and Yuliani, 2024). Such
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a method will contribute directly to achieving Sustainable Development Goal 3 targets and those
of the National Cancer Strategy 2024-2034 due to improved treatment efficiency and quality of
women’s life (Kementrian Kesehatan RI, 2024).

While the findings' robustness has been statistically validated, however, it should be noted
that there are some potential drawbacks. Due to being single-site studies with a medium-sized
sample size, caution needs to be taken while applying these findings on a wider scale within
different ethnic or demographic groups. It is very important to know about the stress response
mechanisms for people from different backgrounds to achieve health equity in the context of
oncology care (Sanogo et al., 2024). Moreover, the fact that the measurement is performed once
at a fixed time during the day cannot address the variable nature of cortisol secretion. It is
recommended for further validation of these models through repeated cross-validation (Eertink et
al., 2022). In order to further elaborate on this aspect, integrated research and clinical application
is summarized in the following table 5.

Table S. Proposed Framework for Integrated Endocrine and Oncological Clinical Practice

Action Pillar Implementation Strategy Intended Clinical Outcome
Routine baseline serum cortisol
quantification prior to NAC

Biomarker Early identification of high-risk

Screening nitiation. chemorefractory patients.

Psychosocial Systematic stress and anxiety Recognition of HPA axis triggers in
Triage screening for all stage I1I candidates. the clinical setting.
Integrated Implementation of adjunctive stress- Poteqtial npmalization of the
. management protocols (e.g., endocrine milieu to enhance drug
Intervention
CBSM). efficacy.

Longitudinal Serial cortisol assessment Evaluation of treatment-induced
Monitoring throughout the treatment cycles. stress and therapeutic adaptation.

In view of the above-stated findings, there arises a need to revisit the established prognosis
model. Through appreciation of the importance of the systemic endocrine milieu in the
management of the disease, medical personnel will be able to adopt an integrative approach. Not
only will this ensure optimal efficacy of the chemotherapy process, but it will also promote holistic
care and well-being of the patients involved.

V. CONCLUSION

The findings from this investigation have validated the usefulness of pretreatment serum
cortisol levels as a highly relevant and independent predictive marker for the effectiveness of
anthracycline-based neoadjuvant chemotherapy among patients diagnosed with stage III breast
cancer. However, the above cut-off point of 498 nMol/L has been found more reliable compared
to traditional clinical measures, and hence, it can be said that it is highly sensitive (0.89). The
calculation of Odds Ratio of 28.6 indicates the existence of a high correlation between elevated
circulating levels of glucocorticoid hormones and chemo-resistance, thereby highlighting the
significance of the endocrine environment in predicting medication efficacy.

It is imperative to note that this study suggests the adoption of a strategy within the field
of oncology that should encompass a wider perspective and be more personalized. Periodic
screening of cortisol levels will prove helpful in determining the individuals who will not benefit
from medication. It is advisable to conduct stress management interventions to decrease their
cortisol levels and improve the results of treatment. Although the validity of this investigation
cannot be understated, additional multi-center prospective studies are needed to assess the
dynamics of glucocorticoid levels and determine the impact of integrated psychosocial-
oncological treatment on survival rates.
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