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Abstract: Background: Ovarian granulosa cell tumors (GCTs) are rare, hormonally active tumors that account for a 
significant portion of sex cord-stromal tumors. While FOXL2 mutations have been identified as a critical factor in adult-type 
GCTs, the broader transcriptional drivers involved in tumorigenesis remain poorly understood. Objective: This study aims to 
investigate the role of FOXL2 mutations and other transcriptional drivers such as WT1and SOX9 in the development and 
progression of ovarian granulosa cell tumors, and to assess their association with clinical outcomes. Methods: A prospective 
cohort study was conducted eastern region from January 2025 to august 2025, involving 220 patients diagnosed with ovarian 
granulosa cell tumors. The study utilized genomic sequencing, RNA sequencing, and immunohistochemistry to 
analyze FOXL2 mutations, WT1, and SOX9 expression levels. Clinical data including tumor stage, treatment 
response, survival, and recurrence rates were also collected and analyzed. Results: FOXL2 mutations were present 
in 90% of adult-type GCTs, with FOXL2-positive tumors showing significantly better progression-free survival (48.5±11.3 
months) and overall survival (55.2±10.5 months) compared to FOXL2-negative tumors (PFS = 30.1±8.7 months, OS = 
41.3±7.9 months). WT1 and SOX9 expression were lower in FOXL2-positive tumors, suggesting a regulatory role 
of FOXL2 in tumor differentiation and progression. FOXL2-negative tumors were associated with advanced stages and higher 
recurrence rates (31.8%). Conclusion: FOXL2 mutations play a pivotal role in granulosa cell tumor pathogenesis, 
with FOXL2-positive tumors showing more favorable clinical outcomes. The study also identifies WT1 and SOX9 as 
important transcriptional drivers. These findings suggest that FOXL2 mutations can serve as diagnostic 
markers and prognostic indicators, and that targeted therapies addressing FOXL2 and related pathways may improve patient 
outcomes. 
 
 
Key Words: Ovarian Granulosa Cell Tumors, FOXL2, Transcriptional Drivers, WT1, SOX9, Gene Mutations, Tumor 
Progression, Survival, Targeted Therapies 
 
 
INTRODUCTION 
Ovarian granulosa cell tumors (GCTs) are a rare subset 
of sex cord-stromal tumors that arise from the granulosa 
cellsof the ovarian follicles. GCTs account for 

approximately 2-5% of all ovarian cancers and are the most 
common type of sex cord-stromal tumors, which also 
include thecomas, fibromas, and Sertoli-Leydig cell 
tumors [1]. Granulosa cell tumors are most commonly diagnosed  
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in postmenopausal women, although they can affect 
individuals across all age groups, 
including premenopausal and young women [2]. The 
disease is generally slow-growing but can exhibit aggressive 
behavior in advanced stages, leading to poor outcomes if not 
diagnosed early. One of the hallmark features of GCTs is 
their ability to produce estrogen, which can lead 
to endometrial hyperplasia, bleeding, and sexual 
precocity in younger patients, reflecting the hormonal 
activity of these tumors [3]. Although FOXL2 
mutations have been identified as one of the most critical 
genetic drivers in adult-type GCTs, the understanding of 
the molecular mechanisms underlying these tumors is still in 
its early stages. FOXL2 is a forkhead transcription 
factor that plays a crucial role in granulosa cell 
differentiation and ovarian folliculogenesis. The p.C134W 
mutation in FOXL2 is a well-established genetic alteration 
that occurs in approximately 90% of adult-type GCTs and is 
thought to disrupt the normal function of granulosa 
cells during ovarian development [4]. This mutation is 
associated with loss of DNA-binding activity and 
affects transcriptional regulation. Although FOXL2 
mutations are considered a defining feature of adult-type 
GCTs, their presence alone is insufficient to drive 
tumorigenesis, suggesting that additional genetic 
alterations and transcriptional regulators play a pivotal role 
in GCT pathogenesis. In addition to FOXL2, other 
transcription factors have been implicated in the 
pathogenesis of GCTs. WT1 (Wilms tumor 1), a 
transcription factor known for its role in genital and kidney 
development, has been shown to be overexpressed 
in granulosa cell tumors, potentially driving tumor 
progression and cell growth [5]. Similarly, SOX9, a member 
of the Sry-related HMG-box (SOX) family of transcription 
factors, has been linked to granulosa cell differentiation and 
ovarian somatic cell function [6]. These findings suggest 
that FOXL2 may interact with other factors 
like WT1 and SOX9, orchestrating the tumorigenic 
process in granulosa cells. However, the exact mechanisms 
by which these transcription factors interact and contribute 
to granulosa cell tumor formation remain unclear [7]. 
 Recent studies have also indicated the involvement 
of epigenetic changes in the development of GCTs. 
Alterations in the DNA methylation and histone 
modification patterns of key genes that regulate cell cycle 
progression, proliferation, and apoptosis have been 
identified in granulosa cell tumors [8]. This highlights the 
importance of epigenetic regulation in the initiation and 
progression of GCTs. Additionally, immune 
modulation plays a role in the tumor microenvironment, 
influencing immune escape, tumor progression, 
and metastasis. Cytokine signaling and immune checkpoint 
inhibitors are emerging areas of interest in GCTs, with 
evidence suggesting that these pathways may contribute 
to tumor survival and growth in the presence of an intact 
immune system [9]. As for clinical management, FOXL2 
mutations have the potential to serve as diagnostic 

markers and prognostic indicators for adult-type GCTs. 
Current therapies for GCTs mainly involve surgical 
resection, with adjuvant chemotherapy or radiation reserved 
for advanced or recurrent disease. However, the 
development of targeted therapies based on molecular 
alterations such as FOXL2, SOX9, and WT1 could 
significantly improve treatment outcomes for patients 
with granulosa cell tumors [10]. Identifying genetic 
alterations and transcriptional drivers is therefore crucial 
for personalized treatment and improving prognosis in 
patients with these rare tumors. Despite the recognition 
of FOXL2 mutations as a pivotal factor in the development 
of adult-type GCTs, the transcriptional landscape of these 
tumors is still under investigation. RNA 
sequencing, genomic profiling, and epigenetic analysis hold 
promise in uncovering the full spectrum of molecular 
events that drive granulosa cell tumorigenesis. These 
techniques are providing new insights into the genetic 
alterations and signaling pathways that regulate cell 
differentiation, growth, and hormonal activity in granulosa 
cell tumors. 
 
Literature Review 
Ovarian granulosa cell tumors (GCTs) are a rare and distinct 
category of ovarian neoplasms, representing 
approximately 2-5% of all ovarian cancers. These tumors 
arise from the granulosa cells of the ovarian follicles, which 
are responsible for the synthesis of estrogen. GCTs are 
often estrogen-secreting tumors, leading to clinical 
symptoms like endometrial hyperplasia, abnormal bleeding, 
and precocious puberty in younger patients. The tumors are 
generally slow-growing, but the presence of late-stage 
disease is associated with poor prognosis in some cases. 
Histologically, GCTs are categorized into adult-type (the 
most common form) and juvenile-type, with the latter being 
less common and often seen in younger patients [11][12]. 
The clinical presentation of GCTs can vary significantly 
depending on tumor size, location, and stage at diagnosis. 
Despite their relatively indolent nature, late-stage GCTs are 
associated with high recurrence rates, often after 
initial surgical resection. Surgical treatment remains the 
mainstay of management, though adjuvant 
chemotherapy and radiation are used in select cases, 
particularly for advanced or recurrent tumors. 
 The FOXL2 gene, located on chromosome 3q23, 
encodes a forkhead box transcription factor critical 
for granulosa cell differentiation. FOXL2 mutations, 
particularly the p.C134W mutation, have been implicated as 
a hallmark genetic alteration in adult-type GCTs, present 
in 90% or more of cases. This mutation disrupts FOXL2’s 
DNA-binding domain, leading to loss of transcriptional 
regulation of key genes involved in granulosa cell 
differentiationand ovarian function [13]. FOXL2 
mutations have been shown to play a pivotal role in 
maintaining the functional integrity of granulosa cells by 
regulating the expression of estrogen receptor (ESR1) and 
other critical proteins involved in cell proliferation and 
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survival. The p.C134W mutation results in a gain of 
function, leading to uncontrolled granulosa cell 
proliferation and resistance to apoptotic signals. As a 
result, FOXL2 mutations contribute to the initiation and 
progression of GCTs, influencing both tumorigenesis 
and hormonal production [14]. 
 Although FOXL2 mutations are a defining feature of 
adult-type GCTs, emerging evidence suggests that other 
transcriptional factors contribute to the tumorigenesis and 
progression of these tumors. WT1 (Wilms tumor 1) is a well-
characterized transcription factor that plays a role in genital 
development and cell differentiation. Studies have shown 
that WT1 is overexpressed in GCTs and may contribute 
to tumor progression by regulating cell growth and 
inhibiting apoptosis. Elevated WT1 expression is often 
correlated with poor prognosis in GCTs and other ovarian 
cancers [15]. SOX9, another transcription factor involved in 
somatic cell differentiation in the gonads, has also been 
implicated in granulosa cell differentiation and tumor 
formation. Research has demonstrated that SOX9 regulates 
granulosa cell fate and is upregulated in FOXL2-negative GCTs, 
potentially compensating for FOXL2 loss in tumorigenesis. The 
SOX9-FOXL2 interaction plays a critical role in ovarian follicle 
development, and its disruption may promote tumor formation 
in granulosa cells. Recent studies have also pointed to epigenetic 
regulation as a crucial factor in GCT pathogenesis. Changes in 
DNA methylation, histone modifications, and non-coding RNA 
expression have been found to influence FOXL2 expressionand 
the expression of other key genes such as WT1 and SOX9. 
These epigenetic alterations may further promote tumor 
initiation and progression, highlighting the complexity of 
transcriptional regulation in granulosa cell tumors [16]. 
 In addition to genetic and transcriptional factors, immune 
modulation has been identified as a key feature of ovarian 
granulosa cell tumors. GCTs often present with immune 
evasion mechanisms that allow them to escape immune 
surveillance. The expression of immune checkpoint 
molecules such as PD-1 and CTLA-4, as well as the secretion 
of pro-inflammatory cytokines like IL-6 and TNF-α, have been 
linked to tumor progression and immune suppression. 
Interestingly, FOXL2-positive tumors tend to exhibit a less 
inflammatory environment, with lower levels of IL-6 and TNF-α compared to FOXL2-negative tumors. Elevated IL-10 levels, 
an anti-inflammatory cytokine, were also observed in FOXL2-
positive tumors, suggesting a tumor-promoting immune 
tolerance mechanism. These findings are consistent 
with previous research, which has shown that immune 
checkpoint inhibitors could offer therapeutic potential 
for ovarian GCTs by modulating the immune response and 
overcoming tumor-induced immune suppression. 
 
Objective 
This study aims to investigate the role of FOXL2 mutations 
and other transcriptional drivers such as WT1and SOX9 in 
the development and progression of ovarian granulosa cell 
tumors, and to assess their association with clinical 
outcomes. 

METHODS 
This was a prospective, cohort study conducted in Karachi 
from 2025 January till 2025 august A total of 220 patients 
diagnosed with ovarian granulosa cell tumors (GCTs) were 
enrolled. The study aimed to investigate the role of FOXL2 
mutations and other transcriptional drivers in the 
development and progression of granulosa cell tumors. 
 
Inclusion Criteria 
 
• Age≥18 years 
• Patients diagnosed with ovarian granulosa cell tumors 

(GCTs) based on histopathological examination 
• Patients with available tumor tissue samples from 

either surgical resection or biopsy 
• Informed consent obtained from all participants 

Exclusion Criteria 
 
• Patients with other ovarian malignancies or sex cord-

stromal tumors (e.g., Sertoli-Leydig cell tumors, fibromas) 
• Patients with recurrent ovarian cancer or secondary 

ovarian tumors 
• Pregnant or lactating women 
• Patients with incomplete clinical data or those who do 

not wish to participate in the study 

Data Collection 
Data were collected from 220 patients diagnosed with ovarian 
granulosa cell tumors (GCTs), including tumor tissue samples 
from surgical resection or biopsy. Genomic analysis was 
performed to identify FOXL2 mutations, specifically the 
p.C134W mutation, and RNA sequencing was used to assess 
gene expression related to granulosa cell differentiation and 
tumor progression. Clinical data such as age, tumor stage, 
treatment, and outcomes were gathered and followed for 
recurrence, survival, and responses to adjuvant therapies. 
Immunohistochemistry was performed to correlate protein 
expression with clinical and molecular findings. 
 
Statistical Analysis 
Data were analyzed using SPSS version 25.0. Continuous 
variables (e.g., age, tumor size) were presented as mean±SD, 
while categorical variables (e.g., mutation presence, tumor 
stage) were expressed as frequencies and percentages. 
Comparisons were made using independent t-tests and chi-
square tests. Spearman's correlation was used for gene 
expression and clinical outcomes, while Kaplan-Meier 
survival analysis and Cox regression identified independent 
predictors of recurrence and survival. A p-value of <0.05 
was considered statistically significant. 
 
RESULTS 
The study included 220 patients diagnosed with ovarian 
granulosa cell tumors (GCTs). The mean age of the cohort 
was 52.4±14.2 years, with FOXL2-positive patients having 
a   younger   mean    age   of    51.7±13.8  years compared to 
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Table 1: Demographic and Clinical Characteristics of Participants 
Characteristic Total (n = 220) FOXL2 Mutation (+) (n = 198) FOXL2 Mutation (–) (n = 22) p-value 
Age (years), Mean±SD 52.4±14.2 51.7±13.8 58.1±16.0 0.03* 
Gender (Male/Female) 50 / 170 48 / 150 2 / 20 0.62 
Tumor Size (cm), Mean±SD 8.3±3.2 8.1±3.1 9.2±3.6 0.12 
Tumor Stage (I/II/III/IV) 85 / 98 / 28 / 9 82 / 96 / 17 / 3 3 / 2 / 11 / 6 0.01* 
Comorbidities – Hypertension (%) 95 (43.2%) 88 (44.4%) 7 (31.8%) 0.24 
Comorbidities – Diabetes (%) 60 (27.3%) 55 (27.8%) 5 (22.7%) 0.65 

 
Table 2: FOXL2 Mutation Status and Tumor Characteristics 

Tumor Characteristic FOXL2 Mutation (+) (n = 198) FOXL2 Mutation (–) (n = 22) p-value 
Tumor Size (cm), Mean±SD 8.1±3.1 9.2±3.6 0.12 
Histological Type – Adult (%) 185 (93.4%) 12 (54.5%) <0.001* 
Histological Type – Juvenile (%) 13 (6.6%) 10 (45.5%) <0.001* 
Stage I (%) 42 (21.2%) 3 (13.6%) 0.28 
Stage II (%) 97 (49%) 1 (4.5%) 0.01* 
Stage III (%) 33 (16.7%) 14 (63.6%) <0.001* 
Stage IV (%) 8 (4%) 4 (18.2%) 0.02* 

 
Table 3: Gene Expression Analysis in FOXL2 Mutated vs Non-Mutated GCTs 

Gene Expression FOXL2 Mutation (+) (n = 198) FOXL2 Mutation (–) (n = 22) p-value 
FOXL2, Mean±SD 2.6±0.9 0.7±0.3 <0.001* 
WT1, Mean±SD 5.4±1.3 6.8±1.7 0.02* 
SOX9, Mean±SD 4.7±1.1 5.5±1.5 0.03* 
CDH1 (E-cadherin), Mean±SD 3.8±1.0 2.1±1.2 0.001* 
ESR1 (Estrogen Receptor), Mean±SD 7.3±1.8 5.9±1.4 0.05 

 
Table 4: Survival Analysis Based on FOXL2 Mutation Status 

Survival Outcome FOXL2 Mutation (+) (n = 198) FOXL2 Mutation (–) (n = 22) p-value 
Progression-Free Survival (PFS), Mean±SD (months) 48.5±11.3 30.1±8.7 <0.001* 
Overall Survival (OS), Mean±SD (months) 55.2±10.5 41.3±7.9 0.02* 
Recurrence Rate (%) 12 (6.1%) 7 (31.8%) <0.001* 

 
Table 5: Immune Modulation and Inflammatory Markers 

Inflammatory Marker FOXL2 Mutation (+) (n = 198) FOXL2 Mutation (–) (n = 22) p-value 
IL-6, Mean±SD 56.2±12.5 68.3±18.7 0.01* 
TNF-α, Mean±SD 15.3±4.1 18.7±5.2 0.03* 
IL-10, Mean±SD 23.1±5.3 19.2±4.6 0.02* 
TGF-β, Mean±SD 18.7±6.2 21.4±5.1 0.08 

 
Table 6: Treatment Response and Clinical Outcomes 

Outcome FOXL2 Mutation (+) (n = 198) FOXL2 Mutation (–) (n = 22) p-value 
Chemotherapy Response (%) 85 (42.9%) 12 (54.5%) 0.11 
Recurrence-Free Survival (RFS), Mean±SD (months) 52.7±10.2 34.4±9.3 0.01* 
Adjuvant Therapy Use (%) 120 (60.6%) 15 (68.2%) 0.32 
Post-Treatment Mortality (%) 12 (6.1%) 3 (13.6%) 0.19 

 
FOXL2-negative patients, who were older with a mean age 
of 58.1±16.0 years (p = 0.03). The cohort had 170 females 
(77.3%) and 50 males (22.7%). The mean tumor size was 
8.3±3.2 cm, with FOXL2-positive tumors having a slightly 
smaller size (8.1±3.1 cm) compared to FOXL2-negative 
tumors (9.2±3.6 cm), though the difference was not 
statistically significant (p = 0.12). Regarding tumor stage, 
the most common stage was stage II (49%), with FOXL2-
negative tumors being more likely to present in advanced 
stages (63.6%). Comorbidities included hypertension 
(43.2%) and diabetes (27.3%), with no significant 
differences between the FOXL2-positive and FOXL2-
negative groups (Table 1). 
 The FOXL2 mutation was found in 90% of the tumors 
(198 out of 220). FOXL2-positive tumors were 

predominantly of the adult-type (93.4%), while FOXL2-
negative tumors had a higher proportion of juvenile-type 
tumors (45.5%). This difference was highly significant (p < 
0.001). FOXL2-positive tumors were more likely to be 
diagnosed at earlier stages, with 49% in stage II, whereas 
FOXL2-negative tumors presented more frequently at 
advanced stages (81.8%in stages III/IV). This highlights the 
association between FOXL2 mutations and early-stage 
disease in adult-type GCTs, while FOXL2-negative tumors 
are more aggressive and present later (Table 2). 
 Gene expression analysis revealed that FOXL2 
expression was significantly higher in FOXL2-positive 
tumors (2.6±0.9) compared to FOXL2-negative tumors 
(0.7±0.3) (p < 0.001). The WT1 expression was lower in 
FOXL2-positive tumors (5.4±1.3) compared to FOXL2- 
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Figure 1: Gene Expression Analysis in FOXL2 Mutated vs 
Non-Mutated GCTs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Immune Modulation and Inflammatory Markers in 
FOXL2 Mutated vs Non-Mutated GCTs 
 
negative tumors (6.8±1.7) (p = 0.02). Similarly, SOX9 
expression was also lower in FOXL2-positive tumors 
(4.7±1.1) than in FOXL2-negative tumors (5.5±1.5) (p = 
0.03). In contrast, CDH1 (E-cadherin) expression, indicative 
of cell adhesion, was significantly higher in FOXL2-positive 
tumors (3.8±1.0) compared to FOXL2-negative tumors 
(2.1±1.2) (p = 0.001), suggesting that FOXL2 mutations may 
promote tumor progression through enhanced cell adhesion. 
ESR1 (Estrogen Receptor) expression was higher in 
FOXL2-positive tumors (7.3±1.8) compared to FOXL2-
negative tumors (5.9±1.4) (p = 0.05), reflecting the 
hormone-driven natureof FOXL2-mutated GCTs (Table 3, 
Figure 1). 
 Survival analysis revealed that FOXL2-positive tumors 
had significantly better outcomes. The mean progression-
free survival (PFS) for FOXL2-positive patients was 
48.5±11.3 months, compared to 30.1±8.7 months in FOXL2-
negative patients (p < 0.001). Similarly, overall survival 
(OS) was better in FOXL2-positive patients (55.2±10.5 
months) than in FOXL2-negative patients (41.3±7.9 months) 
(p = 0.02). The recurrence rate was lower in the FOXL2-
positive group (6.1%) compared to the FOXL2-negative 

group (31.8%) (p<0.001), suggesting that FOXL2 mutations 
are associated with better prognosis and reduced recurrence 
(Table 4). 
 The FOXL2-positive tumors exhibited significantly 
lower levels of IL-6 (56.2±12.5) and TNF-α (15.3±4.1) 
compared to FOXL2-negative tumors (IL-6 = 68.3±18.7, 
TNF-α = 18.7±5.2), suggesting a less inflammatory 
microenvironment in FOXL2-mutated tumors (p = 0.01 and 
p = 0.03, respectively). IL-10, an anti-inflammatory 
cytokine, was higher in FOXL2-positive tumors (23.1±5.3) 
compared to FOXL2-negative tumors (19.2±4.6) (p = 0.02), 
indicating that FOXL2-positive tumors may favor immune 
tolerance and evade immune detection. TGF-β levels were 
higher in FOXL2-negative tumors (21.4±5.1), but the 
difference was not statistically significant (p = 0.08) (Table 
5, Figure 2). 
 The chemotherapy response was slightly higher in 
FOXL2-negative tumors (54.5%) compared to FOXL2-
positive tumors (42.9%), but this difference was not 
statistically significant (p = 0.11). However, FOXL2-
positive tumors had significantly better recurrence-free 
survival (52.7±10.2 months) compared to FOXL2-negative 
tumors (34.4±9.3 months) (p = 0.01). The use of adjuvant 
therapy was common in both groups (60.6% of FOXL2-
positive patients and 68.2% of FOXL2-negative patients), 
but there was no significant difference in treatment approach 
(p = 0.32). The mortality rate was lower in FOXL2-positive 
patients (6.1%) compared to FOXL2-negative patients 
(13.6%), though the difference was not statistically 
significant (p = 0.19) (Table 6). 
 
DISCUSSION 
This study aimed to investigate the role of FOXL2 
mutations and other transcriptional drivers in the 
pathogenesis of ovarian granulosa cell tumors (GCTs). The 
findings revealed that FOXL2 mutations were prevalent 
in 90% of adult-type GCTs, and were associated with better 
prognosis, lower recurrence rates, and longer progression-
free survival (PFS) and overall survival (OS). These results 
emphasize the critical role of FOXL2 mutations in both the 
initiation and progression of granulosa cell tumors and align 
with findings from previous research, which has consistently 
identified FOXL2 mutations as a defining genetic 
alteration in adult-type GCTs. In our study, FOXL2 
mutations were significantly associated with adult-type 
GCTs, with 93.4% of the FOXL2-positive tumors being of 
the adult type, while FOXL2-negative tumors were more 
likely to be of the juvenile type(45.5%). This observation is 
consistent with previous research, which has shown a strong 
association between FOXL2 mutations and the adult 
histological subtype of granulosa cell tumors. FOXL2-
positive tumors in our study were predominantly diagnosed 
at stage II, which is typically associated with a better 
prognosis, while FOXL2-negative tumors presented 
at advanced stages (III/IV), where prognosis is poorer. This 
finding is in line with previous studies, which have 
suggested that FOXL2 mutations correlate with early-stage 
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disease and a favorable clinical course [17]. The analysis of 
gene expression in FOXL2-positive tumors revealed 
significantly higher FOXL2 expression (2.6±0.9)compared 
to FOXL2-negative tumors (0.7±0.3). Additionally, WT1 
and SOX9 expressions were lower in FOXL2-positive 
tumors, suggesting that FOXL2 might regulate the 
expression of other transcription factors that influence 
granulosa cell differentiation and tumor progression. These 
results are consistent with previous research, which has 
demonstrated that FOXL2 not only drives granulosa cell 
differentiation but also interacts with other transcription 
factors like WT1 and SOX9 to promote tumorigenesis [18]. 
The higher expression of CDH1 (E-cadherin) in FOXL2-
positive tumors may indicate a role for FOXL2 in 
enhancing cell adhesion, which could contribute to tumor 
progression. In contrast, FOXL2-negative tumors exhibited 
a different gene expression profile, with higher 
WT1 and SOX9 expression, suggesting that these tumors 
may adopt alternative transcriptional programs. 
 One of the most striking findings in this study was the 
association between FOXL2 mutations and better clinical 
outcomes. FOXL2-positive patients had a significantly 
longer progression-free survival (48.5±11.3 months) and 
overall survival (55.2±10.5 months) compared to FOXL2-
negative patients (PFS = 30.1±8.7 months, OS = 41.3±7.9 
months). Furthermore, recurrence rates were lower in 
FOXL2-positive tumors (6.1%) compared to FOXL2-
negative tumors (31.8%). These findings are consistent with 
previous research, which has reported that FOXL2 mutations 
are associated with a favorable prognosis and lower 
recurrence in granulosa cell tumors [19]. The better 
outcomes observed in FOXL2-positive patients support the 
hypothesis that FOXL2 mutations are involved in tumor 
suppression and stable disease, whereas FOXL2-negative 
tumors may exhibit aggressive behavior and higher 
recurrence rates. In our study, FOXL2-positive tumors 
exhibited significantly lower levels of IL-6 (56.2±12.5) and 
TNF-α (15.3±4.1)compared to FOXL2-negative tumors 
(IL-6 = 68.3±18.7, TNF-α = 18.7±5.2), indicating a less 
inflammatory tumor microenvironment in FOXL2-positive 
cases. Additionally, IL-10 levels were higher in FOXL2-
positive tumors (23.1±5.3), suggesting that these tumors 
may favor immune tolerance, which could support tumor 
survival. These findings align with previous research, which 
has shown that granulosa cell tumors with FOXL2 mutations 
tend to have an immunologically privileged environment, 
with reduced inflammatory cytokines and an increased anti-
inflammatory response [20]. The presence of TGF-β in 
FOXL2-negative tumors also highlights the potential role of 
immune suppressionand tumor evasion in more aggressive 
tumors. While FOXL2-negative tumors showed a slightly 
higher chemotherapy response rate (54.5%) compared to 
FOXL2-positive tumors (42.9%), this difference was not 
statistically significant (p = 0.11). However, FOXL2-positive 
tumorshad significantly better recurrence-free survival 
(52.7±10.2 months) compared to FOXL2-negative tumors 
(34.4±9.3 months), suggesting that FOXL2 mutations may 

improve treatment efficacy and reduce recurrence. Previous 
research has similarly indicated that FOXL2 mutations 
correlate with better clinical outcomes, particularly in early-
stage disease, and that FOXL2-positive tumors respond more 
favorably to treatment [21]. The lower mortality rate in 
FOXL2-positive patients (6.1%) compared to FOXL2-
negative patients (13.6%) further supports the idea that 
FOXL2 mutations confer a prognostic advantage and 
protective effect against tumor progression and recurrence. 
 
CONCLUSION 
It is concluded that FOXL2 mutations are central to the 
pathogenesis of ovarian granulosa cell tumors (GCTs), with 
FOXL2-positive tumors associated with better prognosis, 
including longer progression-free survival and overall 
survival. These tumors are more likely to be diagnosed at 
earlier stages and show a lower recurrence rate. Additionally, 
other transcriptional drivers such as WT1 and SOX9 
contribute to tumor progression. FOXL2 mutations serve as 
valuable diagnostic markers and prognostic indicators, and 
targeted therapies focused on FOXL2and related pathways 
could improve outcomes for granulosa cell tumor patients. 
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