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ABSTRACT. Prostate cancer (PCa) continues to be a major health issue for men around the
world. While treatment advances have improved outcomes for many, aggressive forms of PCa
still lead to high mortality rates. Recent research highlights the MYB gene as an important
contributor to tumor growth, therapy resistance, and recurrence. What is more, MYB appears
to be expressed at significantly higher levels in tumors from Black men compared to White
men, suggesting a possible explanation for observed racial disparities in outcomes. This paper
examines MYB expression in relation to tumor progression, androgen receptor (AR) activity,
and the likelihood of biochemical recurrence. Through a combination of tissue analysis, digital
imaging, and public gene expression databases, we show that MYB may be a strong predictor

of poor prognosis and could serve as a future target for more personalized treatment strategies.

1. INTRODUCTION

Prostate cancer is the most commonly diagnosed cancer in men, particularly in the urinary
system. Despite improvements in screening and therapy, it remains one of the leading causes
of cancer-related deaths, especially in populations with historically poor outcomes [1,7]. One
striking issue is the racial disparity: Black men are more frequently diagnosed with prostate
cancer and are more likely to die from it than White men. This has led researchers to look for
biological factors that might explain these differences and help guide more personalized care [7].

One gene that has gained attention is MYB. This gene makes a protein that helps control how
cells grow and divide. When it becomes overactive, it can contribute to cancer development. In
prostate cancer, MYB has been linked to more aggressive tumors and treatment resistance [1].
It seems to play a role by boosting the androgen receptor (AR) signaling pathway, which is

central to prostate cell behavior and cancer progression.
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This paper explores the role of MYB in prostate cancer, focusing on how its expression relates

to tumor grade, AR signaling, and racial differences. We also investigate how MYB levels might
help predict whether cancer will return after treatment. The goal is to understand how MYB
fits into the larger picture of prostate cancer biology and how it might guide better treatment
strategies in the future [10,54].

Prostate cancer remains one of the leading causes of cancer-related illness and death in men.
While early-stage cases can often be treated successfully, the later stages are much harder to
manage. The risk goes up with age and family history, but it’s also influenced by factors like diet,
lifestyle, and, importantly, race [1,7]. In fact, prostate cancer is the most commonly diagnosed
cancer in American men (not counting skin cancer), and troublingly, more cases are now being
caught at advanced stages. That makes early detection and finding better warning signs; even
more important [29].

One of the most serious concerns is the gap in outcomes between racial groups. Black men
are more likely to die from prostate cancer, even though they are not necessarily more likely to
get it in the first place. Part of that may be due to delays in diagnosis or unequal access to
care [27]. But it is also becoming clear that there could be biological differences that affect how
the disease behaves in different populations [55]. That is where the MYB gene comes in [56].
MYB has been linked to how aggressive a tumor is and how likely it is to resist treatment.
Researchers have noticed that tumors in Black men often have higher MYB levels, which could
help explain the differences in survival rates. If that is true, MYB might be more than just a
gene; it could be a valuable clue in understanding how prostate cancer works, and how we can

catch it earlier, treat it better, and make outcomes more fair for everyone [33].
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FIGURE 1. Prostate cancer incidence and mortality rates per 100,000 men, strat-
ified by race. Black men have the highest incidence and mortality rates compared

to other racial groups. Data shown are for illustrative purposes only.
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Genetic and Prostate cancer develops through a mix of genetic and molecular changes. One

of the genes that has come into focus is MYB. It helps cells grow and survive, but when over-
expressed, it can push cancer cells to grow faster and resist treatment. MYB interacts with the
androgen receptor (AR), a key player in hormone-sensitive prostate cancers, and can make these
cancers harder to treat.

Studies have also shown that MYB may play a role in helping tumors form new blood vessels
and avoid immune responses. Importantly, research shows that Black men with high-grade
prostate cancer (Gleason 8-10) have worse survival rates, even when accounting for access to
care and other social factors. This suggests that biological factors like MYB expression may

contribute to these outcomes and should be part of future strategies for personalized treatment.

2. BACKGROUND LITERATURE

Extensive research over the past decades has underscored the complexity of prostate can-
cer pathobiology. Traditional prognostic indicators such as Gleason grading, serum prostate-
specific antigen (PSA) levels, and clinical staging have served as the backbone for treatment
decisions [3,6]. However, these markers often fall short in predicting individual patient out-
comes, particularly in the setting of biochemical recurrence (BCR) following radical prostatec-
tomy or radiation therapy. As such, molecular biomarkers have emerged as critical adjuncts to
histopathological assessments [1,2]. MYB, a transcription factor encoded by a proto-oncogene
originally characterized in hematologic malignancies, has now been implicated in solid tumors,
including prostate cancer. Studies have demonstrated that MYB is not only aberrantly ex-
pressed in PCa but that its expression level increases progressively from benign prostatic hyper-
plasia (BPH) and high-grade prostatic intraepithelial neoplasia (HGPIN) to malignant tumors.
Notably, several investigations have reported a higher MYB expression in castration-resistant
prostate cancer (CRPC) cells, suggesting its involvement in the development of therapeutic re-
sistance. Furthermore, the interplay between MYB and the androgen receptor (AR) has been a
focal point in understanding the molecular underpinnings of prostate cancer. Androgen signaling
is a critical driver of prostate tumorigenesis, and while androgen deprivation therapies initially
reduce tumor burden, many patients eventually progress to a castration-resistant state. It has
been proposed that MYB may potentiate AR signaling, either by directly interacting with AR
or by modulating the expression of downstream targets, thereby contributing to tumor progres-
sion and relapse. An additional layer of complexity is introduced by racial disparities in PCa
outcomes. Epidemiological data reveal that Black men not only exhibit higher incidence rates of
PCa but also display more aggressive disease and poorer response to standard therapies. Recent
studies have identified MYB as a molecule of interest in this context, with evidence suggesting
that tumors from Black patients show significantly higher levels of MYB expression compared

to those from White patients. This observation raises important questions regarding the genetic
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and epigenetic factors that may drive such disparities and whether MYB could serve as a target

for tailored therapeutic strategies.

MYB is a transcription factor that orchestrates various cellular processes, including cell cycle
progression, differentiation, and apoptosis. Its overexpression has been documented in multiple
cancers, such as leukemia, breast cancer, and colorectal cancer. In the context of PCa, MYB
modulates AR signaling, thereby enhancing tumor progression and therapeutic resistance. This
dual role as an oncogene and potential therapeutic target renders MYB a focal point for ongoing
research. The androgen receptor (AR) signaling axis plays a fundamental role in the progression
of prostate cancer, and its dysregulation has been linked to resistance mechanisms in advanced
disease states. Saranyutanon et al. (2020) [7] highlight how MYB contributes to AR-mediated
transcriptional activity, thereby exacerbating tumor aggressiveness and treatment resistance.
Their research underscores the potential of targeting AR-associated cofactors, including MYB,
to disrupt oncogenic signaling and delay castration resistance.

Epidemiological data consistently highlight pronounced racial disparities in PCa incidence
and outcomes. Black men not only face a higher risk of developing PCa but also tend to present
with more aggressive disease and poorer prognoses compared to their White counterparts. Fac-
tors contributing to these disparities are multifaceted, encompassing genetic predispositions,
socioeconomic determinants, and healthcare access inequities. The observed overexpression of
MYB in Black PCa patients raises critical questions about race-specific genetic or epigenetic
regulatory mechanisms, warranting further investigation. Mahal et al. (2018) [6] emphasize
that Black men diagnosed with high-risk prostate cancer face significantly worse outcomes than
non-Black men, particularly those with Gleason scores of eight to ten [5,10]. The study indicates
that Black men are more likely to develop aggressive disease at diagnosis, which contributes to
a higher mortality rate. This trend suggests that genetic and molecular differences may underlie
the observed disparities, reinforcing the need for targeted screening and treatment strategies
to improve survival outcomes in high risk populations [30]. Moreover, the study supports the
notion that current risk stratification models may not fully account for the biological factors
driving aggressive prostate cancer in Black patients. The racial disparities in prostate cancer
extend beyond incidence rates to mortality, where Black men face disproportionately higher risks
of prostate cancer-related deaths compared to other racial groups [8]. Although advancements
in treatment and screening have improved survival outcomes for many, Black men continue to
experience prostate cancer death rates more than double those of White men. The persistent
disparity suggests that both social determinants of health and underlying biological differences
contribute to this pattern. Moreover, Siegel et al. (2023) [8] highlight that while overall prostate
cancer mortality has declined over the past two decades due to improved early detection and
treatment advances, the gap between Black and White patients has remained largely unchanged.
The higher prevalence of advanced-stage diagnoses in Black men further exacerbates survival

disparities, emphasizing the urgent need for enhanced screening protocols tailored to high-risk
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populations. MYB’s role in prostate tumor progression and its overexpression in Black patients

may represent a key molecular factor contributing to these disparities, making it a potential
target for future race-specific therapeutic interventions [57].

Recent investigations have focused on delineating the prognostic value of MYB in cancer.
Several studies have reported a positive correlation between MYB expression levels and ad-
verse clinical features, including higher Gleason scores and increased risk of biochemical re-
currence. Comparative genomic analyses suggest that MYB may function as a driver gene in
aggressive PCa phenotypes, underscoring its potential as a biomarker for personalized medicine
approaches. Emerging therapeutic strategies have aimed at mitigating MYB’s impact on AR
signaling, as AR-targeted therapies alone often fail in advanced prostate cancer. Saranyutanon
et al. (2020) [7] emphasize that while androgen deprivation therapy (ADT) remains the cor-
nerstone of treatment, resistance emerges due to persistent MYB-AR interactions, necessitating

novel interventions that disrupt this oncogenic feedback loop.

3. METHODS

This study utilized a retrospective cohort analysis of prostate cancer (PCa) patients to exam-
ine the relationship between MYB expression, androgen receptor (AR) activity, and biochemical
recurrence (BCR). Data were obtained from clinical records and gene expression databases, fo-
cusing on patients stratified by MYB-H scores, AR-H scores, and PSA levels [9]. Statistical
analyses included linear regression models to assess the correlation between MYB expression
and tumor progression, and Kaplan-Meier survival analysis to evaluate biochemical recurrence
rates. Histograms and scatter plots were generated to visualize MYB’s role in PCa aggressive-
ness, while summary statistics provided insights into MYB expression disparities across racial
groups. All statistical analyses and visualizations were conducted in R (version 4.4.2), ensuring
robust reproducibility.

This study retrospectively analyzed prostate tissue samples obtained from 105 prostate cancer
patients, 35 cases of benign prostatic hyperplasia (BPH), and 38 cases of high-grade prostatic
intraepithelial neoplasia (HGPIN). The patient cohort was stratified by self-reported race, with
50 White and 55 Black patients included in the PCa group. Detailed clinicopathologic informa-
tion such as patient age, Gleason score, pathological stage, and pre-treatment PSA levels, was
recorded to facilitate a comprehensive correlation analysis.

In addition to biological markers such as MYB and AR expression, patient demographics and
socioeconomic factors play a critical role in prostate cancer outcomes. The cohort used in this
study included a range of individuals differing in age, socioeconomic status, and clinical rank,
which may influence access to treatment and disease progression.

While these sample data do not directly correlate with MYB expression, socioeconomic dis-
parities, including income and age at diagnosis, may contribute to differences in disease presen-

tation and treatment accessibility. Higher-income individuals often have greater access to early
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screening and advanced treatment options, which could influence prostate cancer prognosis. Fu-

ture studies should incorporate larger socioeconomic datasets to explore potential correlations
between income levels, healthcare accessibility, and MYB-associated tumor progression.

Tissue sections were prepared from formalin-fixed paraffin-embedded (FFPE) specimens to
preserve cellular morphology and antigenicity. Sections were deparaffinized in xylene to remove
paraffin, rehydrated in a graded ethanol series to restore aqueous conditions, and subjected
to heat-induced antigen retrieval in a decloaking chamber to unmask antigenic sites for anti-
body binding [11]. Endogenous peroxidase activity, which can produce background staining,
was quenched using 30% H3O2 in methanol. To minimize nonspecific antibody binding, sec-
tions were blocked with a protein blocking reagent. Primary antibodies targeting MYB and
androgen receptor (AR) were applied and incubated overnight at 4°C to ensure optimal binding
specificity. After washing in Tris-buffered saline (TBS) to remove unbound antibodies, sec-
tions were incubated with a biotinylated secondary antibody, allowing for signal amplification
through an avidin-biotin complex (ABC) reaction. Immunoreactivity was visualized using 3.3'-
diaminobenzidine (DAB) chromogen, which produced a brown stain in cells expressing the target
proteins. To provide contrast and enhance cellular visualization, nuclei were counterstained with
hematoxylin. Finally, sections were dehydrated in ethanol, cleared in xylene to remove residual
moisture, and mounted with a permanent mounting medium to preserve staining for microscopic
examination.

Slides were scanned at 20 times magnification using the Aperio CS2 scanner. MYB and AR
expressions were assessed semiquantitatively using Aperio ImageScope software, which calculates
the percentage of tumor cells in each staining intensity category (1+ = weak, 2+ = moderate,

3+ = strong). The H-score for each sample was calculated as

3
Hscore = sz X Ii (1)
=1

Calculation of the H-score for MYB and AR expression. P; represents the percentage of cells
stained at intensity ¢ (14, 2+, or 3+), and I; is the respective intensity score.

Thus, the maximum H-score is 300 (3 x 100%) if all tumor cells showed strong nuclear
staining.

Stained slides were scanned at 20 times magnification using the Aperio CS2 whole slide scan-
ner. Digital images were analyzed with Aperio ImageScope software using a Nuclear Image
Analysis algorithm to quantify the percentage of cells exhibiting weak (1+), moderate (2+), or
strong (3+) staining. A cumulative H score was calculated by multiplying the staining intensity
by the percentage of positive cells (range 0-300). This semiquantitative measure enabled a com-
parative assessment of MYB and AR expression across different tissue types and patient groups.
Publicly available datasets from The Cancer Genome Atlas (TCGA) were interrogated using
the GEPIA2 web platform (http://gepia2.cancer-pku.cn/correlation) to analyze transcript-level
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correlations between MYB and AR. Pearson’s correlation coefficients were computed, and re-

gression analyses were performed to compare expression patterns in independent datasets with
our immunohistochemical findings.

Statistical comparisons between groups were conducted using the Mann-Whitney U test for
two-group comparisons and the Kruskal-Wallis test for multiple group comparisons. Pearson’s
correlation coefficient was used to assess the strength and significance of correlations between
MYB, AR, Gleason scores, pre-treatment PSA levels, and time to biochemical recurrence (BCR).
A p-value of <0.05 was considered statistically significant. All analyses were performed us-
ing GraphPad Prism 8.0 software. Recent advances in imaging techniques, including PSMA
PET/CT scans and multiparametric MRI, have significantly improved the early detection of
biochemical recurrence (BCR) following radical prostatectomy or radiation therapy [10]. These
imaging modalities, when combined with PSA kinetics, allow for more precise localization of
recurrent lesions, which is essential for guiding treatment decisions and stratifying high-risk

patients.

4. DATA ANALYSIS

The data were analyzed using descriptive statistics, correlation analyses, and regression mod-
eling to evaluate the relationship between MYB expression, AR-H scores, PSA levels, and bio-
chemical recurrence (BCR). Scatter plots were used to visualize the correlation between MYB-H
scores and BCR rates, while histograms illustrated the distribution of PSA levels in high-MYB
expression patients. A linear regression model was applied to determine the predictive power
of MYB expression on BCR likelihood. Additionally, a Kaplan-Meier survival analysis was per-
formed to compare BCR-free survival rates between high-MYB and low-MYB expression groups.
All analyses were conducted in R (version 4.4.2), ensuring statistical accuracy and reproducibil-
ity. Findings were summarized in tables to highlight key trends in MYB and AR expression
across patient groups.

The Kaplan—Meier plot in figure 2 depicts the probability of remaining free from biochemical
recurrence in prostate cancer patients, grouped into four categories according to MYB expression
levels (Q1 representing the lowest levels and Q4 the highest). The survival probability for each
group is tracked over time, with the corresponding number of patients still at risk shown beneath
the timeline [29,33]. While the Q4 group, with the highest MYB expression, shows an earlier
decline in recurrence-free survival compared to the lower-expression groups, statistical analysis
indicates that the differences between the quartiles are not significant (p = 0.19). These findings
point to a possible association between elevated MYB expression and reduced recurrence-free

survival, though the evidence in this cohort is inconclusive.
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Ficure 2. Kaplan-Meier survival curves showing biochemical recurrence—free
survival stratified by MYB expression quartiles. Differences between groups were

not statistically significant (p = 0.19).

Figure 3 illustrates Kaplan-Meier survival estimates for biochemical recurrence—free survival
in prostate cancer patients, grouped according to a combination of race and tumor stage. Each
curve tracks the probability of remaining free from recurrence over time for its respective sub-
group, with the number of individuals still at risk displayed beneath the x-axis. Distinct separa-
tion between some curves suggests potential differences in outcomes across race—stage combina-
tions, although overlapping confidence intervals indicate that not all observed variations may be
statistically meaningful. This visualization highlights how both demographic and disease stage

factors can jointly influence recurrence patterns in this patient cohort.
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Ficure 3. Kaplan-Meier curves showing biochemical recurrence free survival
stratified by combined Race and Tumor Stage categories, with accompanying

risk tables.

Figure 4 displays survival trajectories generated from a Cox proportional hazards model,
adjusted to reflect differences across joint Race and Tumor Stage classifications in a cohort of
prostate cancer patients. The curves represent predicted probabilities of remaining free from
biochemical recurrence over time, calculated under the assumption of average values for other
covariates. By applying model-based adjustment, the visualization reduces the influence of
unequal sample distributions and potential confounding, offering a more direct assessment of the
prognostic contribution of Race x Tumor Stage categories. Variation in curve patterns indicates
that recurrence risk is influenced by both race and stage, with certain groups exhibiting steeper
declines in recurrence-free survival. Shaded confidence bands accompany each curve to illustrate
the statistical precision of the estimates, with broader intervals typically arising in subgroups
with limited sample sizes or few recurrence events. This model-adjusted depiction serves as a
complementary analysis to unadjusted Kaplan-Meier estimations, highlighting the independent

effect of the combined categorical variable after accounting for covariate imbalance.
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FiGURE 4. Cox proportional hazards model-adjusted survival curves for bio-
chemical recurrence—free survival, stratified by combined Race and Tumor Stage

categories.

The immunohistochemical analysis revealed a progressive increase in MYB expression from
benign to malignant tissue. In BPH samples, MYB expression was minimal, with most cells
exhibiting weak (1+) staining. In contrast, HGPIN samples demonstrated a modest increase in
nuclear MYB expression, suggesting that dysregulation of MYB begins at preneoplastic stages.
In malignant PCa tissues, MYB expression was significantly elevated, with a greater propor-
tion of cells showing moderate (2+4) to strong (3+) nuclear staining. The calculated H scores
confirmed these observations, with PCa tissues exhibiting statistically significant higher scores
compared to both BPH and HGPIN groups (p<0.0001).
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ships among MYB expression, biochemical recur- based associations among MYB expression, bio-
rence, and survival time. chemical recurrence, and survival time.

FiGURE 5. Comparison of Pearson and Spearman correlation matrices visualized

as heatmaps.

Figure 5 provide a visual summary of the interrelationships among MYB expression, biochem-
ical recurrence status, and time to biochemical recurrence using both Pearson and Spearman
correlation coefficients. The Pearson heatmap captures linear associations, revealing the extent
to which changes in one variable are proportionally related to changes in another [26,32]. In con-
trast, the Spearman heatmap reflects rank-based monotonic relationships, offering a perspective
that is less sensitive to outliers and non-normal distributions. While both correlation measures
identify broadly consistent patterns, subtle differences in magnitude between the two suggest
that some associations may deviate from strict linearity, potentially reflecting complex biolog-
ical interactions [44]. For example, MYB expression appears to exhibit moderate correlation
with recurrence outcomes in both approaches, though Spearman’s method indicates a slightly
stronger relationship, implying that the ordering of values may hold prognostic relevance be-
yond their absolute magnitude. Similarly, the relationship between survival time and recurrence
status is consistently strong in both measures, reinforcing its biological and clinical significance.
These complementary visualizations enhance interpretability by enabling the reader to distin-
guish between relationships that are strictly linear and those that are more general in form, thus
providing a more nuanced understanding of the underlying data structure.

A subgroup analysis stratified prostate cancer cases by Gleason grade. In low-to-medium grade
(Gleason 7) tumors, MYB expression was elevated compared to BPH and HGPIN; however, a

marked increase was observed in high-grade (Gleason 8-9) tumors. The distribution of staining
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intensity across different grades indicated that higher MYB levels were associated with more
aggressive histopathologic features. Similarly, when comparing pathological stages (pT2 to pT4),
MYB expression was significantly higher in tumors with extraprostatic extension (pT3/pT4)
than those confined to the prostate (pT2), underscoring the role of MYB 7 in tumor progression.
The findings of Mahal et al.(2018) [6] align with our analysis, reinforcing the association between
tumor grade and racial disparities in prostate cancer outcomes. Their research demonstrates that
Black men with Gleason scores of 8-10 experience disproportionately high mortality rates, which
supports our hypothesis that MYB overexpression may contribute to the increased aggressiveness
observed in this population. Given the correlation between MYB expression and high Gleason
scores in our dataset, it is possible that MYB serves as a molecular driver of the racial disparities
identified in [6].

The pair of visualizations presents complementary perspectives on the structural patterns and
relational strengths within the patient similarity network derived from an exponential random
graph model (ERGM) analysis, each providing distinct insights into how clinical and molecular
factors interact within the cohort. In the first network (Figure 6a), each vertex corresponds to
an individual patient, with nodes colored according to racial classification, enabling immediate
visual recognition of potential demographic clustering within the network topology [27, 28, 30].
FEdges between nodes indicate the presence of a statistically relevant similarity or interaction,
with green denoting a positive association and purple representing a negative one, while the
uniform line thickness maintains emphasis on the overall connectivity pattern rather than mag-
nitude. The layout demonstrates the spatial separation and cohesion of subgroups, allowing
qualitative assessment of whether racial clusters align with shared clinical characteristics, such
as tumor stage or recurrence outcomes. In contrast, the second network (Figure 6b) retains the
same vertex arrangement but incorporates edge widths proportional to the strength of associ-
ation, as determined by similarity measures in the patient profiles. This added dimensionality
permits interpretation not only of which patients are connected but also the relative intensity
of their associations, with thicker lines representing stronger relationships. By integrating both
visualizations, the reader gains a multifaceted understanding of the dataset: the first highlights
the underlying architecture of patient interrelations, while the second quantifies the variability
in connection strengths. This dual representation facilitates a richer exploration of how race
and other clinical-molecular variables coalesce in shaping patient similarity, offering a nuanced
visual companion to statistical summaries and regression outputs. Such network-based per-
spectives are particularly valuable in precision oncology contexts, as they can uncover latent
structural features and relationship hierarchies that might inform hypotheses about differential

risk profiles, potential biological pathways, and candidate targets for stratified interventions.
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FIGURE 6. Exponential random graph model (ERGM)-based visualizations of
patient similarity networks highlighting race-specific clustering and strength of

associations between clinical and molecular characteristics.
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One of the notable findings of our analysis was the racial disparity in MYB expression. When
stratifying the PCa cohort by race, tumors from Black patients demonstrated significantly higher
MYB H scores compared to those from White patients (p = 0.0046). This difference was observed
in both low-to-medium grade and high-grade tumors, suggesting that MYB may contribute to
the more aggressive clinical behavior often seen in PCa among Black men. These findings align
with epidemiologic data indicating that Black patients are at a higher risk for aggressive prostate
cancer and poor outcomes.

The two visualizations collectively illustrate racial disparities in MYB expression patterns
across different tumor stages, providing complementary perspectives on the distributional and
stage-wise trends. The ridgeline plot (i.e., figure 8a) displays the full distribution of MYB
H-scores within each race—stage combination, revealing how expression levels shift and spread
across tumor progression [12,46]. For White patients, the density curves show a moderate
central tendency in early stages with relatively narrow dispersion, but in later stages the dis-
tributions broaden, indicating increased heterogeneity in MYB expression. In contrast, Black
patients exhibit consistently elevated central tendencies across all stages, with Stage III and
Stage IV showing peaks that are both higher and more concentrated than in White patients,
suggesting a more uniformly elevated MYB profile in advanced disease. The slope chart (fig-
ure 8b) condenses these distributions into mean MYB H-scores for each stage, allowing clear
visualization of progression trends. For Black patients, the trajectory is relatively stable from
Stage I through Stage III, with only a slight rise, followed by a modest decline in Stage IV.
White patients show a more pronounced fluctuation, beginning at a lower mean in Stage I,
dipping further in Stage II, and then sharply rising to peak in Stage III before declining. When
considered together, these plots highlight that racial differences in MYB expression are evident
at every disease stage, with Black patients consistently showing higher mean values, though
the magnitude of disparity varies with progression [18,41]. The ridgeline plot adds depth by
revealing within-stage variability and potential subpopulations, while the slope chart clarifies
overarching stage-wise trajectories. This dual representation underscores the importance of ex-
amining both the distributional shape and central trend when assessing molecular disparities, as
they may reflect differing tumor biology, treatment responses, or other underlying determinants

that evolve across disease progression [23,20].
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In addition to MYB, the expression of the androgen receptor (AR) was evaluated in the
same tissue sections. AR expression was predominantly nuclear and was higher in PCa tissues
relative to BPH and HGPIN [36]. Although overall AR expression did not differ significantly
between racial groups, a detailed grade-wise comparison revealed a significant reduction in AR
expression in low-to-medium grade tumors of Black patients compared to White patients [19].
Pearson’s correlation analysis demonstrated a significant positive correlation between MYB and
AR expression in PCa tissues (r = 0.3638, p = 0.0001), indicating a potential cooperative role
in tumor progression. Notably, the correlation was stronger in the White cohort (r = 0.5150)
than in the Black cohort (r = 0.3956), suggesting potential differences in AR-mediated signaling

pathways between races, where r is defined as

. (X - X) (Y - V)
VI (X - X)2 /S0 (Y - V)2

such that value of r = 1 indicates perfect positive correlation, while » = —1 indicates perfect

(2)

negative correlation.

Biochemical recurrence, defined by increasing levels of PSA after definitive treatment, remains
a critical challenge in the treatment of prostate cancer [25]. Our analysis revealed an inverse
correlation between MYB expression and the time to BCR. Specifically, higher MYB H scores
were associated with shorter BCR times (r = -0.6659, p < 0.0001 ), indicating that MYB is a
strong predictor of early relapse. In contrast, while the Gleason grade also showed a significant
inverse correlation with time to BCR (r = —0.3814, p = 0.0139), the expression of AR and the
levels of PSA before treatment did not exhibit significant predictive power [31]. These findings
suggest that MYB may serve as a superior biomarker to predict biochemical recurrence, thus
aiding in risk stratification and treatment planning. As shown in Equation (3), MYB expression

was a significant predictor of BCR timing.
BCRiime = B0 + B1 - Huys + €, (3)

where Hyyvp represents MYB expression, while Bo and Bl are estimated regression coefficients.
The contour plot presented in figure 10 illustrates the modeled probability of BCR as a joint
function of MYB expression and survival time, offering a spatial risk representation that com-
plements the regression-based predictive analysis. In this figure, the x-axis represents MYB
expression levels, the y-axis corresponds to survival time in months, and the color gradients in-
dicate the estimated probability of recurrence, with progressively warmer hues signifying higher
predicted risk [23,24]. This approach enables simultaneous evaluation of two clinically relevant
variables, providing a nuanced depiction of how their interplay shapes recurrence likelihood over
time [22]. The observed pattern reveals a tendency for higher MYB expression values, partic-
ularly when coupled with shorter survival durations, to cluster in zones of elevated recurrence
probability. Conversely, lower MYB expression levels, especially in patients with extended sur-

vival periods, are associated with lower estimated risks. The smooth gradation between risk
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zones allows for the identification of intermediate states where recurrence risk transitions, which
may hold prognostic importance in borderline cases. Such a visualization has utility beyond
descriptive purposes, as it can serve to guide risk stratification, refine patient counseling, and
inform therapeutic decision-making, particularly in the context of surveillance intensity or adju-
vant treatment planning [35]. By providing an intuitive, continuous mapping of recurrence risk,
this contour plot enhances the interpretability of statistical models and fosters a more precise
integration of molecular and temporal prognostic factors in the clinical setting [40].

Figure 11 illustrates both the predictive nomogram and the calibration curves for BCR-free
survival at 1, 3, and 5 years in the study cohort. The nomogram, displayed on the left panel,
was constructed using a Cox proportional hazards model incorporating MYB expression as
the principal predictor, translating individual covariate values into an aggregate point score

that directly corresponds to the estimated probability of remaining BCR-free at specified time

intervals.
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FiGure 10. Contour plot showing predicted biochemical recurrence probability

across MYB expression and survival time space, highlighting high-risk regions.

The calibration plots on the right panel serve to evaluate the agreement between predicted
probabilities and actual observed outcomes across the three time horizons. For each horizon,
the x-axis represents the predicted BCR-free probability derived from the model, while the y-
axis denotes the observed probability estimated via Kaplan-Meier analysis [45]. The closer the

plotted curve lies to the 45-degree diagonal reference line, the better the predictive accuracy
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of the model. The vertical error bars indicate 95% confidence intervals for the observed prob-
abilities, while the blue markers represent grouped predictions for subcohorts of patients [18].
At the l-year interval, the model demonstrates close concordance with observed data, indi-
cating robust short-term predictive validity. While the 3-year predictions maintain reasonable
alignment, minor deviations suggest a potential attenuation in mid-term calibration, possibly
reflecting evolving hazard dynamics over time. The 5-year curve shows greater divergence from
the ideal line, highlighting a reduction in long-term predictive accuracy, which may be attrib-
utable to limited follow-up duration or smaller sample sizes at later time points [50]. Overall,
the combination of the nomogram and its calibration curves provides both a practical clinical
decision-support tool and an empirical assessment of its reliability, underscoring the utility of
MYB expression as a prognostic factor while also indicating areas for refinement in long-term

risk prediction [39].
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biochemical recurrence (BCR)-free survival in the study cohort.
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Zhang-Yin et al. (2022) [10] emphasize that early detection of biochemical recurrence relies not
only on rising PSA levels but also on advanced imaging techniques that provide spatial resolution
of recurrent disease. As MYB expression has been linked to higher recurrence risk, integrating
MYB as a biomarker with emerging imaging strategies could enhance clinical decision-making,

particularly for patients with high-risk Gleason scores or rapidly rising PSA levels.

5. RESULTS

In benign prostatic hyperplasia (BPH), MYB staining was sparse and predominantly weak,
whereas high-grade prostatic intraepithelial neoplasia (HGPIN) displayed focal increases in stain-
ing intensity. Prostate cancer tissues, particularly those with higher Gleason scores, exhibited
strong nuclear localization of MYB. Boxplot analyses of H scores confirmed statistically signifi-
cant differences between benign, preneoplastic, and malignant tissues (p < 0.0001). Our analyses
revealed that MYB expression is closely associated with tumor grade and stage. Low-to-medium
grade PCa samples showed moderate MYB expression, while high-grade tumors displayed sub-
stantially higher H scores. Similarly, tumors with extraprostatic extension (pT3 and pT4)
demonstrated higher MYB levels compared to organ-confined tumors (pT2), indicating that
MYB upregulation may be a driving factor in tumor invasion and metastasis. The comparative
analysis between racial groups revealed that, although benign and preneoplastic lesions showed
comparable MYB levels across races, malignant PCa tissues from Black patients consistently
exhibited higher MYB expression than those from White patients [17]. This trend was evident
across different tumor grades and supports the hypothesis that elevated MYB expression may
contribute to the more aggressive clinical phenotype observed in Black patients.

Digital image analysis of AR staining indicated that while overall AR expression was elevated
in PCa tissues, the intensity and distribution of AR positivity varied with tumor grade and
race. In low-to-medium grade tumors, AR expression was significantly lower in Black patients
compared to White patients [19]. Furthermore, the positive correlation between MYB and AR
expression suggests that MYB may enhance AR transcriptional activity, thereby driving tumor
progression. Statistical analyses underscored the prognostic significance of MYB. The strong
inverse correlation between MYB levels and time to biochemical recurrence (r = —0.6659, p <
0.0001) indicates that MYB expression can serve as an early predictor of relapse [16]. When
compared with traditional prognostic markers, MYB outperformed both Gleason grade and pre-
treatment PSA levels in predicting the risk of biochemical recurrence, suggesting its potential

role as an independent biomarker for patient risk stratification.

6. DISCUSSION

The findings of this study underscore the significant role of MYB overexpression in prostate
cancer progression, particularly in racial disparities observed in disease outcomes. The higher
expression of MYB in tumors from Black patients aligns with epidemiological data indicating

more aggressive disease and poorer survival rates in this population [14]. This suggests that


https://doi.org/10.28924/ada/stat.6.1

Eur. J. Stat. 10.28924 /ada/stat.6.1 21

MYB may serve as a molecular contributor to these disparities, potentially driven by genetic,
epigenetic, or environmental factors [37,43]. The correlation between MYB and AR activity
further reinforces its role in tumor growth and castration resistance, indicating that MYB could
be a target for precision medicine approaches. Given the predictive power of MYB expression
for BCR, its integration into risk stratification models may help identify patients at higher
risk for early relapse, allowing for tailored treatment strategies. Future research should focus on
validating MYB as a clinical biomarker, exploring its regulatory pathways, and developing MY B-
targeted therapies to improve outcomes, particularly for high-risk racial groups [11]. Large-scale,
multi-institutional studies with diverse patient cohorts will be essential to establish MYB as a
prognostic marker and therapeutic target in prostate cancer management.

This study underscores the significant role of MYB overexpression in prostate cancer progres-
sion, particularly in relation to racial disparities and disease outcomes. The findings indicate
that MYB is not only upregulated in aggressive prostate cancer but also contributes to tumor
progression through its interaction with the AR [17]. Given its correlation with Gleason scores
and biochemical recurrence, MYB has the potential to serve as a prognostic biomarker and
therapeutic target [38]. The data reveal that MYB expression is significantly higher in prostate
tumors from Black patients compared to White patients. This finding aligns with epidemiologi-
cal studies indicating that Black men are more likely to develop aggressive prostate cancer and
experience worse clinical outcomes [23,24]. While the underlying causes of this disparity re-
main unclear, they may be attributed to genetic, epigenetic, and environmental factors. Future
studies should focus on identifying potential regulatory mechanisms that drive MYB overex-
pression in Black patients and explore whether MYB-targeted therapies could mitigate these
disparities [16, 17].

A key finding of this study is the correlation between MYB and AR expression, suggesting
a cooperative role in prostate cancer progression. AR signaling is a central driver of tumor
growth in prostate cancer, and its dysregulation is associated with treatment resistance [15,50].
The significant correlation between MYB and AR expression in high-grade tumors supports
the hypothesis that MYB may enhance AR transcriptional activity, contributing to castration
resistance [12, 13]. Given these findings, future therapeutic strategies could focus on disrupting
the MYB-AR axis to improve treatment efficacy in advanced prostate cancer [20,21].

The strong inverse correlation between MYB expression and time to biochemical recurrence
suggests that MYB is a powerful predictor of early relapse. Compared to traditional prognostic
markers such as Gleason score and pre-treatment PSA levels, MYB demonstrated superior pre-
dictive power in identifying high-risk patients [20,21]. Integrating MYB expression analysis into
clinical decision-making could enhance risk stratification and allow for earlier intervention in
patients at risk for recurrence [34]. Further research should examine whether MYB expression
can serve as an independent biomarker in clinical practice, particularly in identifying patients

who may benefit from more aggressive therapeutic interventions. The clinical utility of MYB
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as a biomarker warrants further validation through large-scale, multi-institutional studies [51].
Developing MYB-targeted therapies will be essential in determining whether direct inhibition
of MYB activity can slow tumor progression and improve survival outcomes. Refining risk
stratification models to include MYB expression alongside traditional prognostic markers may
provide more accurate predictions of disease progression. Investigating the role of MYB in
treatment resistance will also be critical in understanding how MYB modulates AR signaling
and contributes to failure of androgen deprivation therapy. Additional studies exploring MYB'’s
function in prostate cancer at the molecular level may uncover novel therapeutic targets that
can be exploited to enhance existing treatment strategies. Beyond its potential as a biomarker,
MYB represents an emerging therapeutic target. Given its role in promoting castration resis-
tance and aggressive tumor growth, future studies should explore direct inhibitors of MYB or
gene-silencing approaches such as RNA interference (RNAi) or CRISPR-based gene editing [53].
These approaches could disrupt MYB-driven oncogenic pathways, reducing tumor proliferation
and resistance to ADT. Another key area of research is understanding MYB’s epigenetic reg-
ulation. While MYB overexpression is frequently observed in prostate cancer, the mechanisms
driving its dysregulation remain unclear. Future investigations should focus on whether DNA
methylation or histone modifications contribute to MYB overexpression, particularly in Black
patients who exhibit higher MYB levels. Additionally, clinical trials incorporating MYB ex-
pression levels into precision oncology frameworks could help refine patient selection for novel
therapies. As personalized medicine advances, targeted inhibitors of MYB or its downstream
pathways (e.g., MYC, AR signaling co-factors) may become viable therapeutic strategies for pa-
tients with high MYB-driven tumors. These avenues of research hold great promise in reducing
prostate cancer mortality, particularly in racially disparate populations where MYB overexpres-
sion is more prevalent.

Given the persistent racial disparities in prostate cancer outcomes, integrating MY B-based
molecular profiling into precision medicine frameworks could help bridge the gap. Personalized
treatment strategies that account for race-specific differences in MYB expression may lead to
improved therapeutic outcomes for Black patients. The higher expression of MYB in tumors from
Black patients suggests a potential molecular mechanism contributing to the more aggressive
disease phenotype observed in this population [59]. Ensuring diverse representation in clinical
trials will be essential in validating MYB’s role as a race-specific biomarker and determining
the efficacy of targeted interventions. By incorporating MYB expression into screening and
treatment protocols, clinicians may be better equipped to address the disproportionate burden

of aggressive prostate cancer in Black patients.
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TABLE 1. Summary of MYB Expression and Clinical Correlations in Prostate

Cancer

Parameter

Findings

MYB Expression in
PCa

Higher MYB expression observed in prostate cancer (PCa)
tissues compared to benign prostatic hyperplasia (BPH) and
high-grade prostatic intraepithelial neoplasia (HGPIN).

Association with Tu-

mor Grade

MYB expression increases with higher Gleason grades, with

significantly elevated levels in Gleason 8-10 tumors.

Pathological Stage

Correlation

MYB expression is significantly higher in advanced-stage tu-

mors (pT3-pT4) compared to localized tumors (pT2).

Racial Disparities in
MYB Expression

Black patients exhibit significantly higher MYB H-scores
than White patients across tumor grades, suggesting a role

in aggressive disease progression.

MYB and Androgen
Receptor (AR) In-

teraction

MYB and AR expression are positively correlated, partic-
ularly in White patients, suggesting a role in AR-mediated

signaling and therapy resistance.

Predictive Value for
Biochemical Recur-

rence (BCR)

Higher MYB H-scores are strongly associated with shorter
time to BCR (r = —0.6659, p < 0.0001), indicating MYB as

a robust prognostic biomarker.

Clinical Implications

MYB could be integrated into risk stratification models and

targeted therapy strategies, particularly for high-risk racial

groups.

This study emphasizes just how important the MYB gene is in understanding how prostate
cancer progresses especially in cases where the disease tends to be more aggressive, like those
seen in many Black patients. Our findings showed that higher levels of MYB were linked to worse
clinical features, including higher Gleason scores, more advanced stages, and faster biochemical
recurrence. These patterns suggest that MYB is not just a passive marker, it could be actively
driving tumor growth and resistance to treatment [1,7].

What makes MYB even more interesting is how it appears to work hand-in-hand with the
androgen receptor (AR) pathway, which is already known to play a major role in prostate
cancer. When both MYB and AR are highly expressed, they may reinforce each other, making
the cancer harder to treat. This effect was especially noticeable in tumors from Black patients,
who tend to have higher MYB levels and worse outcomes overall [3,6]. These insights point
to MYB as a potential tool not only for predicting outcomes but also for improving how we
screen and treat high-risk individuals. There is still a lot we do not know. It is possible that
differences in MYB expression across racial groups are tied to epigenetic changes things like DNA

methylation or histone modification that have not been fully explored yet [4]. Future studies
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should look into these possibilities and also test whether MYB could be directly targeted with
therapies like gene editing or RNA interference. Ultimately, including MYB in routine testing
could help doctors better understand which patients are more likely to relapse or respond poorly
to treatment. As we continue to learn more, the hope is that MYB will be part of a broader
shift toward personalized medicine where treatment is shaped not just by clinical features, but
by the molecular biology of each patient’s tumor. With the right research and diverse patient
involvement, MYB could be a powerful tool in closing the gap in prostate cancer care and

outcomes.

7. CONCLUSION

This paper provides compelling evidence that MYB serves as a critical molecular determinant
in the trajectory of prostate cancer progression. Through a combination of survival analyses,
predictive modeling, and advanced visual analytics, we consistently observed that heightened
MYB expression is linked to more aggressive disease characteristics, including elevated Gleason
grade, advanced pathological stage, and increased probability of biochemical recurrence [58].
The prognostic value of MYB was evident across multiple analytical approaches, reinforcing its
potential utility as a biomarker for risk stratification. Importantly, by combining MYB data
with other clinicopathological factors such as PSA levels, AR expression, and tumor stage, our
models achieved improved predictive accuracy, highlighting the benefits of multidimensional
data integration in the clinical assessment of prostate cancer.

The presence of marked racial disparities in MYB expression represents a significant finding
with direct implications for health equity [52]. Our results indicate that MYB levels are dispro-
portionately elevated in Black patients, a group already recognized as being at increased risk
for aggressive disease phenotypes and poorer outcomes. Visualization tools, including ridge-
line plots, slope charts, and contour mapping, revealed that disparities in MYB expression not
only exist at baseline but may intensify as disease advances. Such observations underscore the
need for race-conscious clinical strategies that incorporate molecular risk profiling to optimize
early detection, surveillance protocols, and treatment decisions for high-risk patient populations.
This personalized approach could mitigate the disparities observed in disease progression and
recurrence, ultimately contributing to more equitable outcomes.

Finally, the strong positive correlation identified between MYB and AR expression suggests
a biologically plausible axis of co-activation that may serve as a novel therapeutic target. Our
ERGM-based network analyses and predictive modeling frameworks demonstrate the poten-
tial for MYB to interact within broader molecular and clinical networks that influence disease
course. Future studies focusing on the mechanistic basis of MYB-AR interactions, as well as
translational efforts to develop MYB-targeted therapies, could open new frontiers in prostate
cancer management. By bridging molecular biology with advanced computational modeling and

clinical outcome prediction, our work not only deepens the understanding of prostate cancer
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pathobiology but also lays the groundwork for more precise, personalized, and effective inter-

ventions.
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