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Abstract. Fibroadenoma of the Breast (FAM) is a benign fibroepithelial 
breast tumor influenced by estrogen and progesterone through their binding 
to Estrogen Receptor-α (ER-α) and Progesterone Receptor (PR). These 
receptors are thought to contribute to mammary tissue proliferation; 
however, the role of stromal ER-α and PR in determining tumor size remains 
unclear. This study aimed to analyze the correlation between stromal ER-α 
and PR expression and FAM tumor size using archived specimens from RSI 
UNISMA. An analytic observational study with a cross-sectional design was 
conducted on 24 archived FAM tissue samples, with tumor size obtained 
from medical records. ER-α and PR expression in stromal tissue were 
evaluated using immunohistochemistry and quantified with ImageJ 
software. Data were analyzed using Spearman correlation with p<0.05. 
Tumor sizes ranged from 2–10 cm, with a mean ER-α expression of 2.46% 
and PR expression of 5.58%. Spearman test showed no significant 
correlation between stromal ER-α or PR expression and tumor size (p>0.05), 
although ER-α and PR contributed 23% and 11% respectively to tumor size 
variation. In conclusion, stromal ER-α and PR expression were not 
significantly associated with FAM tumor size, likely due to their dominant 
expression in ductal epithelial rather than stromal tissue.                                                                          
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1 Introduction 

Fibroadenoma of the breast (FAM) is the most common benign tumor in women, particularly 
during reproductive age. It arises from fibroepithelial tissue and typically presents as a 
solitary, firm, well-circumscribed mass ranging from <1 cm to >10 cm [1]. In Indonesia, 
comprehensive epidemiological data remain limited; however, the rising number of women 
diagnosed with breast tumors each year indicates that FAM remains a significant health 
concern, especially among reproductive-age women [2]. 
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 FAM generally occurs in women aged 12–50 years, coinciding with physiological phases 
such as puberty, menstruation, pregnancy, and lactation. These phases involve hormonal 
surges of estrogen and progesterone, which are essential for mammary tissue proliferation. 
Excessive hormonal influence may increase lobular hypersensitivity, thereby predisposing 
the formation of lesions [3]. Estrogen and progesterone act through their receptors—estrogen 
receptor (ER) and progesterone receptor (PR)—both expressed in epithelial and stromal 
nuclei. ER-α promotes cell proliferation and differentiation, whereas ER-β functions as a 
growth suppressor and negative regulator of ER-α. PR are critical regulators of normal breast 
development, acting as transcription factors whose biological effects are influenced by the 
PRA:PRB ratio [4]. 
 The binding of ER and PR in stromal tissue activates intracellular signaling and 
stimulates the production of growth factors, such as hepatocyte growth factor (HGF), which 
can promote tumor proliferation through paracrine pathways [5]. This mechanism contributes 
to stromal overgrowth and tumor enlargement in hormonally hypersensitive tissue. While the 
hormonal role in FAM pathogenesis has been widely studied, most available evidence 
originates from outside Indonesia, limiting its relevance to the local population. Furthermore, 
the relationship between stromal ER-α and PR expression and FAM tumor size remains 
insufficiently explored 

Therefore, this study aims to address this gap by analyzing the association between 
stromal ER-α and PR expression and tumor size using preserved tissue samples from FAM 
patients at RSI UNISMA Malang during the period 2023–2024. RSI UNISMA was chosen 
based on efficient data accessibility, availability of research facilities, and the intention to 
contribute to scientific development within the same institutional environment as the 
researchers. This study is expected to provide more locally relevant insights into the 
pathophysiology of FAM in relation to hormonal regulation. Furthermore, it aligns with 
Sustainable Development Goal (SDG) 3: Good Health and Well-Being, by supporting early 
detection strategies, improving diagnostic accuracy, and facilitating more appropriate 
management of FAM, ultimately enhancing the quality of life for affected women.  

2 Methods 

2.1 Study Design, Setting, and Period   

This study employed an observational analytic design with a cross-sectional approach. The 
research subjects consisted of archived tissue samples and medical record data from patients 
with FAM at RSI Universitas Islam Malang (UNISMA) during the period from January 2023 
to December 2024. Archived tissue samples and medical record data were obtained from the 
Department of Anatomical Pathology and Medical Records Unit of RSI UNISMA, processed 
for immunohistochemical staining at the Department of Anatomical Pathology, Saiful Anwar 
Hospital, and subsequently examined at the Histology Laboratory, Faculty of Medicine, 
UNISMA. Medical records were used as the source of tumor size data, which served as the 
dependent variable in this study. Tumor size was measured based on the largest diameter of 
the tumor and expressed as a continuous numerical variable. A total of 24 samples were 
selected using purposive sampling, based on specific inclusion and exclusion criteria. 
Eligible samples included female patients diagnosed with FAM at RSI UNISMA between 
January 2023 and December 2024, who had complete medical records, had undergone 
surgical excision, and had archived paraffin-embedded tissue blocks of adequate quality 
according to histopathological standards. The study was conducted from March to June 2025 
and received ethical approval from the Health Research Ethics Committee of RSI UNISMA 
No. 14/KEPK/RSI-U/II/2025. 

2.2 Immunohistochemistry  

Archived paraffin-embedded tissue blocks were sectioned at a thickness of 3–4 μm and 
mounted onto poly-L-lysine–coated glass slides. The sections were deparaffinized in xylene, 
rehydrated through a graded series of alcohols (5–10 minutes, repeated three times), and 
rinsed with running water. Endogenous peroxidase activity was blocked by incubating the 
slides in peroxide block solution for 25 minutes, followed by treatment with DIVA solution. 
Antigen retrieval was performed using a decloaking chamber at 90 °C for 45 minutes, 
followed by a 5-minute wash with PBS. Stepwise optimization of antibody dilution was 
performed using ER-α (GeneTex; Cat. No. GTX75361) and PR (Genomeme Lab Inc.; Cat. 
No. IHC751-7). The PR antibody was applied to the sections using a micropipette and 
incubated for 60 minutes. Following the application of a polymer detection system and 
visualization with DAB chromogen (Histofine, Simple Stain MAX PO (MULTI) Plus DAB 
for 1500 tests; Cat. No. H2407). Counterstaining was performed using hematoxylin and 
lithium carbonate for 2 minutes. Finally, the slides were immersed in xylene, covered with a 
coverslip, and allowed to dry [6] 

2.3 Evaluation of ER-α and PR Expression 

Expression analysis was performed using an OLYMPUS Optica B-510-5 microscope at 40× 
objective magnification to count positively stained stromal nuclei (brown). A total of 200 
nuclei were evaluated from five fields of view (FOVs), selected in a zig-zag pattern, while 
excluding artifacts such as tissue folds, detachment, or nonspecific staining. The assessment 
focused on stromal proliferation, and expression was quantified independently by two 
investigators using a blinded evaluation approach to minimize bias. Criteria for positive cells 
were applied uniformly, and the quantification results of ER-α and PR expression were 
further analyzed using ImageJ software. 

2.4 Data Analysis  

Tumor size data and the mean percentage of positively stained cells were processed using the 
Statistical Package for the Social Sciences (SPSS) version 27.0 for Windows. Normality was 
assessed with the Shapiro–Wilk test, which demonstrated that the data were not normally 
distributed; therefore, bivariate analysis was performed using Spearman's correlation test. 
This analysis aimed to determine the relationship between ER-α and PR expression in stromal 
tissue and the size of FAM tumors. Differences in expression were measured as numerical 
values representing the percentage of positively stained cells in samples from each 
corresponding group.  

3 Results 

3.1 Sample Selection 
 

Out of a total of 43 archived tissue samples from female patients diagnosed with 
Fibroadenoma mammae (FAM) at RSI UNISMA from January 2023 to December 2024, 24 
samples were selected based on the inclusion criteria. The reduction in sample size was due 
to incomplete clinical data in medical records that prevented confirmation of tumor size, the 
unavailability of paraffin blocks in laboratory archives, and damage to paraffin blocks that 
rendered them unsuitable for immunohistochemical processing. 
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3.2 Sample Characteristics 

Patient characteristics, including age and tumor size, were obtained from medical records 
during the 2023–2024 period. As shown in Table 1, 20 patients (83%) had tumors measuring 
≤ 5 cm, while four patients (17%) had tumors measuring > 5 cm. The age of FAM patients 
ranged from 15 to 36 years, with the highest prevalence observed in the 15–20 years age 
group, accounting for 41% of the 24 cases. 

Table 1 Patient distribution by age and tumor size 
Tumor size 

Size (cm) Frequency Percentage (%) 
≤ 5 20 83 

          > 5 4 17 
Age 

Range (years) Frequency Percentage (%) 
15 – 20  10 41 
20 – 25  8 33 
26 – 30  2 8 
31 – 35  3 12 

> 36  1 4 

3.2 Stromal Expression of ER-α and PR in Relation to Tumor Size 

The expression of ER-α and PR in stromal tissue of archived FAM samples from patients at 
RSI UNISMA was analyzed using immunohistochemistry with specific antibodies against 
ER-α and PR. Tissue sections were derived from paraffin-embedded blocks stored in the 
Department of Anatomical Pathology, RSI UNISMA; therefore, no new patient sampling 
was performed in this study.  

 
Table 2 Mean tumor size and stromal ER-α PR expression in archived FAM tissues 

Variable n Min Max Mean ± SD 
Tumor size (cm) 24 2 10 4.71 ± 1.65 
ER-α expression (%) 24 0 9 2.46 ± 2.23 
PR expression (%) 24 1 17 5.58 ± 5.01 

Notes: n: number of samples. Min: minimum value representing the smallest tumor size or expression 
level. Max: maximum value representing the largest tumor size or expression level. ER-α: Estrogen 
Receptor Alpha. PR: Progesterone Receptor. Tumor size was determined based on the largest diameter. 

 
As presented in Table 2, the mean tumor size from the 24 archived FAM samples was 

4.71 ± 1.65 cm, with a range of 2–10 cm. The mean stromal ER-α expression was 2.46 ± 
2.23% (range: 0–9%), while the mean PR expression was 5.58 ± 5.01% (range: 1–17%). The 
relatively high standard deviations for both ER-α and PR indicate considerable 
interindividual variability in stromal receptor expression.  

Representative histological visualization of ER-α expression in FAM tissue is shown in 
Figs. 1 and 2. Expression was quantified by calculating the percentage of stromal nuclei 
showing brown immunostaining from a total of 200 cells across five fields of view. Based on 
the histological evaluation of stromal tissue with immunohistochemical staining below, ER-
α and PR expression were observed to be present only in limited amounts within the stromal 
compartment of FAM in RSI UNISMA patients. 

 
Fig. 1 Immunohistochemical Staining of Stromal Tissue in FAM with ER-α Antibody (IHC, 400×) 
Notes: The image displays the histopathological structure of stromal tissue from an archived breast 
fibroadenoma, stained with an ER-α antibody at 400× magnification. IHC: Immunohistochemistry. 
Red arrows indicate positively stained nuclei in the stromal compartment. Scale bar: 200 μm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2

 

Immunohistochemical Staining of Stromal Tissue in FAM with PR Antibody (IHC, 400×) 
Notes: The image shows the histopathological structure of stromal tissue from an archived 
fibroadenoma mammae with PR antibody staining at 400× magnification. IHC: Immunohistochemistry. 
Red arrows indicate positively stained nuclei in stromal tissue, while black arrows indicate positively 
stained nuclei in epithelial cells. Scale bar: 200 μm. 

The results of the correlation analysis between stromal ER-α and PR expression and 
tumor size in archived FAM tissues at RSI UNISMA are presented in Table 3. Based on the 
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bivariate analysis, stromal ER-α expression showed no significant correlation with tumor size 
(p = 0.262), with a weak correlation coefficient (r = –0.238; 23%). Similarly, stromal PR 
expression was not significantly correlated with tumor size (p = 0.605), with a very weak 
correlation (r = –0.111; 11%). These findings indicate that stromal ER-α and PR expression 
were not associated with tumor size in patients with FAM at RSI UNISMA.  

Table 3 Analysis of the Correlation Between Stromal ER-α and PR Expression 
and Tumor Size in FAM 

Variable  Tumor size Expression 

ER-α expression 
Correlation Coefficient - 0.238 1.000 
Sig. (2-tailed) 0.262  
N 24  

PR expression 
Correlation Coefficient - 0.111 1.000 
Sig. (2-tailed) 0.605  
N 24  

Note: Correlation analysis was performed using Spearman’s test with a significance level of p > 0.05. 

4 Discussion 

4.1 Sample Characteristics 

In this study, the tumor size of FAM ranged from 2 to 10 cm, with a mean of 4.71 cm, and 4 
cases (17%) exceeded 5 cm in diameter. This finding is consistent with a study in Pakistan 
involving 300 patients, which reported a mean FAM size of 2.5 ± 1.9 cm, with a range of 1 
to 5 cm [7].  

The age distribution of FAM patients at RSI UNISMA (2023–2024) ranged from 15 to 
over 36 years, with the majority of cases occurring in the 15–25-year age group. This finding 
aligns with previous studies, which have shown that the majority of FAM cases occur in 
women of reproductive age, including 86.6% in the high-risk age group (16-45 years) [8], 
suggesting a strong association with hormonal activity during the reproductive years.  
 
4.2 Stromal ER-α Expression and Tumor Size 

Stromal ER-α plays a crucial role in modulating the tumor microenvironment (TME) by 
regulating angiogenesis and vascular stability, thereby supporting the survival and 
proliferation of tumor cells. Previous studies demonstrated that activation of ER-α in stromal 
cells mediates the effects of 17β-estradiol (E2), promoting angiogenesis and tumor growth, 
while its absence abrogates these effects [9]. In this study, however, stromal ER-α expression 
in FAM tissues was low (mean 2.46%) and not correlated with tumor size (p > 0.05). This 
finding is consistent with Gaonkar et al. [10], who reported stromal ER positivity of only 2% 
compared to 65.5% in epithelial cells. These results indicate that ER-α expression is 
predominantly localized to epithelial rather than stromal compartments, suggesting a limited 
direct role of stromal ER-α in determining tumor size.  

The inconsistency with previous findings on stromal ER-α–mediated angiogenesis may 
be explained by the unique biological characteristics of FAM, a benign fibroepithelial tumor 
with high heterogeneity. In FAM, the low stromal ER-α expression appears to function more 
as a paracrine mediator of epithelial communication—particularly through hepatocyte 
growth factor (HGF)–c-Met interactions—rather than serving as a direct driver of 
proliferation, thereby limiting its impact on tumor size [5]. Furthermore, other factors, such 

as angiogenesis, which is regulated by VEGF and FGF2, as well as systemic estrogen levels 
that were not evaluated in this study, are likely to play a more dominant role in tumor growth. 
Therefore, the absence of an association between stromal ER-α expression and tumor size in 
this study indicates that multiple factors beyond the stromal ER-α signaling pathway 
influence FAM progression.  

Although stromal ER-α showed a weak negative correlation with tumor size (r = –0.238, 
23%), other systemic and metabolic factors likely contribute more prominently. For instance, 
obesity is strongly associated with increased estrogen synthesis due to aromatase 
overexpression in adipose stroma, enhancing local estrogen levels that drive proliferation via 
ER signaling. Bhettani et al. [7] reported that 30.8% of overweight women in Pakistan 
presented with FAM, highlighting the hormonal influence of obesity. Beyond estrogen, 
obesity-related inflammatory mediators and oxidative stress also create a microenvironment 
favorable for tumor growth [11]. Additionally, FGF1/FGFR1 signaling, independent of 
estrogen, has been implicated in mammary tumorigenesis under conditions of obesity. The 
observed variability in tumor size may also reflect population-specific differences in 
hormonal receptor biology. In Indonesia, ESR1 polymorphisms in Javanese women have 
been linked to altered estrogen sensitivity [12]. These findings underscore the potential role 
of ethnic and biological diversity in shaping hormonal receptor expression and FAM growth 
patterns.  

Taken together, the present study suggests that stromal ER-α contributes minimally to 
tumor size in FAM. Instead, tumor growth appears to be influenced by a complex interplay 
of epithelial receptor activity, systemic hormonal status, metabolic factors, and population-
specific biological variations. 

4.3 Stromal PR Expression and Tumor Size 

Progesterone plays a central role in mammary gland proliferation through its interaction with 
PR, in coordination with estrogen and its receptor, to promote ductal branching and glandular 
development. PR activation induces mediators such as RANKL, Wnt4, and amphiregulin, 
which act via paracrine and autocrine pathways to regulate epithelial proliferation and 
differentiation [13]. In fibroadenoma (FAM), elevated PR activity has been suggested to 
contribute to the development of benign tumors [4].  

In the present study, stromal PR expression averaged 5.58%, yet no association was 
observed between stromal PR expression and tumor size (p > 0.05). These findings are 
consistent with those of Gaonkar et al. [10], who reported low PR expression in the stroma 
(8%) compared to the epithelium (93.75%), supporting the notion that stromal PR primarily 
exerts supportive paracrine effects on epithelial cells rather than directly driving tumor 
growth.  

Although stromal PR contributed only modestly to tumor size variation (r = 0.111), 
systemic and external factors may also modulate tumor growth. Prior studies highlight the 
influence of hormonal therapy, such as oral contraceptives and progestins, which have been 
associated with reduced or altered FAM size in clinical trials [14]. Physiological states such 
as pregnancy or menopause further influence FAM growth dynamics, with lesions tending to 
enlarge during pregnancy and regress after menopause [1]. Moreover, somatic mutations, 
particularly in MED12 exon 2, have been frequently reported in FAM, underscoring the 
contribution of genetic alterations to tumorigenesis [15].  

The limitations of this study include its small sample size, single-center design, and lack 
of data on systemic hormonal status, metabolic factors, and contraceptive history, all of which 
may influence tumor growth. Future research should involve larger, multi-center cohorts with 
comprehensive clinical and molecular data, including serum hormone levels, to better 
delineate the role of stromal PR in FAM biology.  
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suggesting a strong association with hormonal activity during the reproductive years.  
 
4.2 Stromal ER-α Expression and Tumor Size 

Stromal ER-α plays a crucial role in modulating the tumor microenvironment (TME) by 
regulating angiogenesis and vascular stability, thereby supporting the survival and 
proliferation of tumor cells. Previous studies demonstrated that activation of ER-α in stromal 
cells mediates the effects of 17β-estradiol (E2), promoting angiogenesis and tumor growth, 
while its absence abrogates these effects [9]. In this study, however, stromal ER-α expression 
in FAM tissues was low (mean 2.46%) and not correlated with tumor size (p > 0.05). This 
finding is consistent with Gaonkar et al. [10], who reported stromal ER positivity of only 2% 
compared to 65.5% in epithelial cells. These results indicate that ER-α expression is 
predominantly localized to epithelial rather than stromal compartments, suggesting a limited 
direct role of stromal ER-α in determining tumor size.  

The inconsistency with previous findings on stromal ER-α–mediated angiogenesis may 
be explained by the unique biological characteristics of FAM, a benign fibroepithelial tumor 
with high heterogeneity. In FAM, the low stromal ER-α expression appears to function more 
as a paracrine mediator of epithelial communication—particularly through hepatocyte 
growth factor (HGF)–c-Met interactions—rather than serving as a direct driver of 
proliferation, thereby limiting its impact on tumor size [5]. Furthermore, other factors, such 

as angiogenesis, which is regulated by VEGF and FGF2, as well as systemic estrogen levels 
that were not evaluated in this study, are likely to play a more dominant role in tumor growth. 
Therefore, the absence of an association between stromal ER-α expression and tumor size in 
this study indicates that multiple factors beyond the stromal ER-α signaling pathway 
influence FAM progression.  

Although stromal ER-α showed a weak negative correlation with tumor size (r = –0.238, 
23%), other systemic and metabolic factors likely contribute more prominently. For instance, 
obesity is strongly associated with increased estrogen synthesis due to aromatase 
overexpression in adipose stroma, enhancing local estrogen levels that drive proliferation via 
ER signaling. Bhettani et al. [7] reported that 30.8% of overweight women in Pakistan 
presented with FAM, highlighting the hormonal influence of obesity. Beyond estrogen, 
obesity-related inflammatory mediators and oxidative stress also create a microenvironment 
favorable for tumor growth [11]. Additionally, FGF1/FGFR1 signaling, independent of 
estrogen, has been implicated in mammary tumorigenesis under conditions of obesity. The 
observed variability in tumor size may also reflect population-specific differences in 
hormonal receptor biology. In Indonesia, ESR1 polymorphisms in Javanese women have 
been linked to altered estrogen sensitivity [12]. These findings underscore the potential role 
of ethnic and biological diversity in shaping hormonal receptor expression and FAM growth 
patterns.  

Taken together, the present study suggests that stromal ER-α contributes minimally to 
tumor size in FAM. Instead, tumor growth appears to be influenced by a complex interplay 
of epithelial receptor activity, systemic hormonal status, metabolic factors, and population-
specific biological variations. 

4.3 Stromal PR Expression and Tumor Size 

Progesterone plays a central role in mammary gland proliferation through its interaction with 
PR, in coordination with estrogen and its receptor, to promote ductal branching and glandular 
development. PR activation induces mediators such as RANKL, Wnt4, and amphiregulin, 
which act via paracrine and autocrine pathways to regulate epithelial proliferation and 
differentiation [13]. In fibroadenoma (FAM), elevated PR activity has been suggested to 
contribute to the development of benign tumors [4].  

In the present study, stromal PR expression averaged 5.58%, yet no association was 
observed between stromal PR expression and tumor size (p > 0.05). These findings are 
consistent with those of Gaonkar et al. [10], who reported low PR expression in the stroma 
(8%) compared to the epithelium (93.75%), supporting the notion that stromal PR primarily 
exerts supportive paracrine effects on epithelial cells rather than directly driving tumor 
growth.  

Although stromal PR contributed only modestly to tumor size variation (r = 0.111), 
systemic and external factors may also modulate tumor growth. Prior studies highlight the 
influence of hormonal therapy, such as oral contraceptives and progestins, which have been 
associated with reduced or altered FAM size in clinical trials [14]. Physiological states such 
as pregnancy or menopause further influence FAM growth dynamics, with lesions tending to 
enlarge during pregnancy and regress after menopause [1]. Moreover, somatic mutations, 
particularly in MED12 exon 2, have been frequently reported in FAM, underscoring the 
contribution of genetic alterations to tumorigenesis [15].  

The limitations of this study include its small sample size, single-center design, and lack 
of data on systemic hormonal status, metabolic factors, and contraceptive history, all of which 
may influence tumor growth. Future research should involve larger, multi-center cohorts with 
comprehensive clinical and molecular data, including serum hormone levels, to better 
delineate the role of stromal PR in FAM biology.  
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Despite these limitations, our findings reinforce the concept that while stromal ER-α and 
PR expression are not strongly associated with tumor size, they remain relevant in shaping 
the tumor microenvironment through epithelial-stromal interactions that indirectly support 
tumor proliferation. These insights provide a basis for future investigations into the complex 
hormonal and genetic pathways underlying FAM growth. 

5 Conclusion 

Based on the findings of this study, it can be concluded that stromal expression of estrogen 
receptor-α (ER-α) and progesterone receptor (PR) in patients with Fibroadenoma Mammae 
(FAM) at RSI UNISMA was not associated with tumor size. This result is likely due to the 
predominance of ER-α and PR expression in the epithelial compartment of the lactiferous 
ducts rather than in the stromal tissue.  

Future studies should incorporate broader clinical and biological variables, including 
genetic background, reproductive and hormonal factors, metabolic status, and serum 
hormone levels, as well as explore other stromal receptors that may contribute to FAM 
growth, in order to provide a more comprehensive understanding of tumor development and 
progression. 
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