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ABSTRACT 

Background: Meningioma is the most common primary intracranial tumor, mostly benign, yet higher-grade 

tumors tend to recur and behave more aggressively. The expression of Programmed Death-Ligand 1 (PD-L1) 

contributes to tumor immune evasion and may serve as a prognostic biomarker as well as a potential target for 

immune checkpoint inhibitor therapy. 

Objective: To analyze the association between PD-L1 expression and meningioma grade at Prof. dr. I.G.N.G. 

Ngoerah General Hospital. 

Methods: This analytical observational study used a cross-sectional design. Samples were selected using a 

purposive sampling method from paraffin-embedded meningioma tissues diagnosed at the Department of 

Anatomical Pathology, Prof. dr. I.G.N.G. Ngoerah General Hospital. Immunohistochemistry was performed 

using a polyclonal anti–PD-L1 antibody (Genetex, GTX104763). PD-L1 expression was evaluated using the 

Tumor Proportion Score (TPS) and Combined Positive Score (CPS). Statistical analysis was conducted using 

the chi-square test with a significance level of p<0.05. 

Results: A total of 41 meningioma cases were included, consisting of 20 (48.8%) grade 1, 15 (36.6%) grade 

2, and 6 (14.6%) grade 3. PD-L1 expression showed an increasing trend with higher meningioma grades in 

both TPS and CPS evaluations. A significant correlation was observed between PD-L1 expression and tumor 

grade (p<0.05). 

Conclusion: Higher PD-L1 expression was associated with higher meningioma grades, suggesting its 

potential role as a prognostic biomarker and as a rationale for considering immune checkpoint inhibitor 

therapy in high-grade or recurrent meningiomas.  

Keywords: Meningioma, PD-L1, Immunohistochemistry, Tumor Proportion Score, Combined Positive Score, 

Grade 
INTRODUCTION 

Meningioma represents the most common primary 

intracranial neoplasm, accounting for approximately 30% 

of all primary brain tumors, with an estimated annual 

incidence of around 6 cases per 100,000 individuals 

worldwide.¹ These tumors originate from the arachnoid 

cap cells of the meninges and are typically slow-growing. 

The World Health Organization (WHO) classifies 

meningiomas into three histological grades: benign (grade 

1), atypical (grade 2), and anaplastic (grade 3).² While the 

majority of meningiomas fall under WHO grade 1 and are 

usually curable through complete surgical resection, 

higher-grade variants demonstrate markedly different 

biological behavior. Atypical and anaplastic meningiomas 

are characterized by more aggressive growth patterns, 

increased mitotic activity, brain invasion, and a 

significantly higher risk of recurrence or progression.³ 

Despite advances in neurosurgical techniques and 

adjuvant radiotherapy, the management of recurrent or 

high-grade meningiomas remains a major clinical 

challenge.⁴  Standard treatment approaches, including 

reoperation and radiotherapy, often provide limited long-

term control, and there are currently no effective systemic 

therapies approved for these tumors. Consequently, there 

is growing interest in exploring novel molecular and 

immunological therapeutic strategies to improve 

outcomes for patients with refractory or progressive 

meningiomas. 

In recent years, the tumor immune microenvironment has 

emerged as a crucial determinant of tumor development, 

progression, and therapeutic response.⁵  One of the key 

pathways involved in immune evasion is the programmed 

cell death protein 1 (PD-1) and its ligand (PD-L1) axis. 

Under normal physiological conditions, PD-1/PD-L1 

interaction plays a regulatory role in maintaining immune 

homeostasis and preventing autoimmunity by inhibiting 

excessive T-cell activation.⁶  However, tumor cells can 

exploit this pathway to suppress antitumor immune 

responses, leading to immune tolerance and unchecked 

tumor growth. PD-L1 expression on tumor cells or 

infiltrating immune cells has been demonstrated to 

correlate with reduced cytotoxic T-cell activity and poor 
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clinical outcomes in various malignancies, including 

glioblastoma, non–small cell lung carcinoma, and 

melanoma.⁷  

Several studies have investigated PD-L1 expression in 

meningiomas, revealing highly variable results, with 

reported positivity rates ranging from 12% to as high as 

90%.⁸  These discrepancies are attributed to differences in 

the antibodies used, staining protocols, scoring systems, 

and interpretation criteria across studies. Nevertheless, a 

consistent trend has emerged suggesting that PD-L1 

expression tends to increase with histological grade, 

implying a potential link between immune evasion and 

tumor aggressiveness.⁹  Moreover, the expression of PD-

L1 may serve not only as a prognostic biomarker but also 

as a predictive marker for response to immune checkpoint 

inhibitors (ICIs), such as anti–PD-1 and anti–PD-L1 

therapies, which have revolutionized the management of 

several solid tumors.¹⁰  

Although the therapeutic potential of ICIs in meningioma 

is still under investigation, early-phase clinical trials and 

case reports have provided encouraging findings, 

particularly in patients with recurrent or high-grade 

meningiomas.¹¹ However, data on PD-L1 expression in 

meningiomas, especially from Southeast Asia, remain 

limited. In Indonesia, and specifically in Bali, available 

therapeutic options for patients with high-grade or 

recurrent meningiomas are still constrained, with most 

management relying heavily on surgery and radiotherapy. 

This underscores the urgent need for research exploring 

molecular and immunological aspects of these tumors in 

the local population. 

Therefore, this study aims to evaluate PD-L1 expression 

in meningiomas and analyze its association with 

histological grade based on cases diagnosed at Prof. Dr. 

I.G.N.G. Ngoerah General Hospital, Denpasar, Indonesia. 

Through this research, we hope to contribute to a better 

understanding of the immunobiology of meningiomas and 

provide preliminary data that may serve as a foundation 

for future investigations into immune checkpoint–based 

therapeutic approaches in the management of these 

tumors. 

 

 METHODS 

Study Design and Sample Selection 

This analytical observational study employed a cross-

sectional design. The study was conducted at the 

Department of Anatomical Pathology, Prof. dr. I.G.N.G. 

Ngoerah General Hospital, Denpasar, Indonesia, using 

archival formalin-fixed paraffin-embedded (FFPE) tissue 

blocks from patients diagnosed with meningioma between 

January 2023 and December 2024. 

 

Sample Selection 

The target population included all meningioma patients 

diagnosed histopathologically during the study period. A 

total of 138 eligible cases were identified (101 cases 

(73,2%) of grade 1, 32 cases (23,2%) of grade 2 and 5 

cases (3,6%) of grade 3). 41 representative samples were 

selected using a purposive sampling method to ensure 

proportional representation of WHO grades 1-3 (20 grade 

1 and 21 grades 2–3). 

Immunohistochemistry Procedure 

Sections 3 µm thick were cut using a Leica 2125 RM 

microtome, mounted on poly-L-lysine–coated Biogear 

slides, and air-dried for 24 hours. Automated IHC staining 

was performed using a Leica Bond-Max Immunostainer. 

The polyclonal anti–PD-L1 antibody (Genetex 

GTX104763, dilution 1:100, Research Use Only) was 

applied for 30 minutes at room temperature, followed by 

incubation with HRP polymer and DAB chromogen. 

Slides were counterstained with haematoxylin and 

examined using a Leica DM500 microscope. 

Evaluation of PD-L1 Expression 

PD-L1 expression was scored using the Tumor Proportion 

Score (TPS) and Combined Positive Score (CPS), where 

the cut-off determined using Receiver Operating 

Characteristic (ROC) curve. All evaluations were 

performed independently by two pathologists blinded to 

clinical data. 

Statistical Analysis 

Data were analyzed using SPSS version 27.0. Descriptive 

statistics were used to summarize demographic and 

clinicopathological features. The relationship between 

PD-L1 expression and meningioma grade was analyzed 

using the chi-square test, with significance set at p < 0.05. 

Ethical Approval  

This study has received approval from the Research 

Ethics Committee of the Faculty of Medicine, Udayana 

University/ Prof. dr. I.G.N.G. Ngoerah General Hospital 

Denpasar with ethical clearance number 

2190/UN14.2.2.VII.14/LT/2025 and has been granted 

permission by Prof. dr. I.G.N.G. Ngoerah General 

Hospital with letter number 

DP.04.03/D.XVII.2.2.2/65061/2025. 

 

RESULTS 

The study sample are 41 meningioma cases, comprising 

20 (48.8%) WHO grade 1 and 21 (51.2%) WHO grades 

2–3 tumors. The patients’ ages ranged from 27 to 78 

years, with a mean age of approximately 53 years. The 

study population included both male and female patients, 

reflecting the expected female predominance in 

meningioma.  
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                                        Table 1. Case distribution based on Clinicopathological Characteristics 

Variable Frequency Percentage 

Sex 
 

 

  Male 6 14.6% 

  Female 35 85.4% 

Age 
 

 

  < 50 year 18 43.9% 

  ≥ 50 year 23 56.1% 

Mean±SD (min-max) = 51.66±10.18 (20-71) 

Grade meningioma 
 

 

  1 20 48.8% 

  2 & 3 21 51.2% 

 

Table 1 shows that from 41 meningioma samples, 

consisting of 6 samples from male patients (14.6%) and 

35 samples from female patients (85.4%), the ages of the 

samples ranged from 20 to 71 years, with a mean age of 

51.66 ± 10.18 years with 18 samples (43.9%) from 

individuals under 50 years old, while 23 samples (56.1%) 

from individuals aged 50 years or older and 

histopathological grading (by purposive sampling), 20 

samples (48.8%) were classified as WHO grade 1 and 21 

samples (51.2%) were classified as grades 2-3. 

ROC Analysis 

ROC curve analysis showed good diagnostic accuracy for 

both PD-L1 scoring systems. TPS had an AUC of 0,848 

(cut-off 7.5%, sensitivity 81.0%, specificity 85.0%), while 

CPS had an AUC of 0.835 (cut-off 8.5%, sensitivity 

90.5%, specificity 75.0%). 

 

 
                                                                     Figure 1. Meningothelial Meningioma 

(A. H&E, magnification 100×; B. H&E, magnification 

400×). Negative PD-L1 expression in tumor cells and 

inflammatory cells (C. magnification 100×; D. 

magnification 400×). 

 

 
                                                 Figure 2. Atypical Meningioma 

(A. H&E, magnification 100×; B. H&E, 

magnification 400×).  

(B. Positive PD-L1 expression in tumor cells (C. 

magnification 100×; D. magnification 400×). 
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                                            Figure 3. Lymphoplasmacyte-rich Meningioma 

 (A. H&E, magnification 100×; B. H&E, magnification 

400×). Positive PD-L1 expression in tumor cells and 

inflammatory cells (C. magnification 100×; D. 

magnification 400×). 

 

Table 2. Association between sex and PD-L1 expression 

Variable 

PD-L1 (TPS) PD-L1 (CPS) 

Negative Positive Negatif Positif 

(n=19) (n=22) (n=18) (n=23) 

  Male (n=6) 2 (10.6%) 4 (18.2%) 2 (11.1%) 4 (17.3%) 

  Female(n=35) 17 (89.4%) 18 (81.8%) 16 (88.9%) 19 (82.7%) 

    p-value = 0.343 p-value = 0.662 

 

Table 2 shows that among the 6 male samples, 2 (10.6%) 

were negative and 4 (18.2%) were positive according to 

the TPS evaluation, while 2 (11.1%) were negative and 4 

(17.3%) were positive according to the CPS evaluation. 

Among the 35 female samples, 17 (89.4%) were negative 

and 18 (81.8%) were positive by TPS, whereas 16 

(88.9%) were negative and 19 (82.7%) were positive by 

CPS. Statistical analysis revealed no significant 

association between PD-L1 expression and sex, with p = 

0.343 for TPS and p = 0.662 for CPS. 

Table 3. Association between age and PD-L1 expression 

Variable 

PD-L1 (TPS) PD-L1 (CPS) 

Negative Positive Negative Positive 

(n=22) (n=19) (n=17) (n=24) 

 
          

  < 50 year(n=18) 10 (45.4%) 8 (42.1%) 9 (52.9%) 9 (37.5%) 

  ≥ 50 year (n=23) 12 (54.6%) 11 (57.9%) 8 (47.1%) 15 (62.5%) 

    p-value = 0.623 p-value = 0.326 

 

Table 3 shows that among the 18 samples from 

individuals aged <50 years, 10 (45.4%) were negative and 

8 (42.1%) were positive according to the TPS evaluation, 

while 9 (52.9%) were negative and 9 (37.5%) were 

positive according to the CPS evaluation. Among the 23 

samples from individuals aged ≥50 years, 12 (54.6%) 

were negative and 11 (57.9%) were positive by TPS, 

whereas 8 (47.1%) were negative and 15 (62.5%) were 

positive by CPS. Statistical analysis showed no significant 

association between PD-L1 expression and age, with p = 

0.623 for TPS and p = 0.326 for CPS. 

 

                                 Table 4. Association between grade meningioma and PD-L1 expression 

Variable 

PD-L1 (TPS) PD-L1 (CPS) 

Negative Positive Negative Positive 

(n=21) (n=20) (n=17) (n=24) 

Grade         

  1 (n=20) 17 (81.0%) 3 (15.0%) 15 (88.2%) 5 (20.8%) 

  
2&3 

(n=21) 
4 (19.0%) 17 (85.0%) 2 (11.8%) 19 (79.2%) 

    p-value = 0.000 p-value = 0.000 

Felyanto1, Ni Putu Sriwidyani2, Luh Putu Iin Indrayani Maker2, 
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Table 4. shows that among the 20 grade 1 samples, 17 

(81.0%) were negative and 3 (15.0%) were positive 

according to the TPS evaluation, while 15 (88.2%) were 

negative and 5 (20.8%) were positive according to the 

CPS evaluation. In contrast, among the 21 grade 2–3 

samples, 4 (19.0%) were negative and 17 (85.0%) were 

positive by TPS, whereas 2 (11.8%) were negative and 19 

(79.2%) were positive by CPS. Statistical analysis 

demonstrated a significant association between PD-L1 

expression and meningioma grade, with p = 0.000 for 

both TPS and CPS 

 

 DISCUSSION 

In this study, most samples, 23 (56.1%), were from 

individuals aged 50 years or older, while 18 samples 

(43.9%) were from those under 50 years of age. The mean 

age was 51.66 ± 10.18 years, with a range of 20 to 71 

years. Previous research conducted at Prof. dr. I.G.N.G. 

Ngoerah General Hospital (2014–2018) similarly reported 

a higher incidence of meningioma among female patients. 

This finding is consistent with the present study, in which 

35 samples (85.4%) were from females and 6 samples 

(14.6%) were from males.
5
 

Meningioma occurs more frequently in women, which is 

thought to be related to higher progesterone levels. Other 

studies have also demonstrated the expression of 

oestrogen, progesterone, and androgen receptors in 

various types of meningiomas supporting the hypothesis 

that hormonal factors may contribute to meningioma 

development and growth.
6
 

According to the World Health Organization (WHO), 

grade 1 meningiomas account for approximately 80.5% of 

all cases and are characterized by benign histological 

features and slow growth In contrast, grade 2 and grade 3 

meningiomas represent 17.7% and 1.7%, respectively, and 

exhibit atypical to malignant histological features, 

reflecting a more aggressive clinical course.
2,7

 This study 

have similar findings with total of 138 eligible cases 

consist of 101 cases (73,2%) of grade 1, 32 cases (23,2%) 

of grade 2 and 5 cases (3,6%) of grade 3. But for the 

objectives of this study, 41 samples selected using 

purposive sampling, 20 samples (48.8%) were classified 

as grade 1, while 21 samples consisted of grade 2 (39.0%) 

and grade 3 (12.2%).  

Biologically, age-related immune system changes can 

influence PD-L1 expression through mechanisms such as 

reduced T-cell function, epigenetic alterations, and a more 

tolerogenic tumor microenvironment. However, in 

meningioma, there is currently no evidence suggesting 

that patient age plays a greater role than tumor grade or 

immune activity in determining PD-L1 expression.
7
 

This study examined the potential association between 

age and PD-L1 expression and found no significant 

correlation. Similar findings were reported there is no 

relationship between PD-L1 expression and patient age, 

indicating that PD-L1 upregulation in meningioma is 

more likely influenced by tumor-intrinsic or 

microenvironmental factors rather than chronological 

aging.
8
 

This study investigated the potential association between 

sex and PD-L1 expression and found no significant 

correlation. Similar results were reported who analyzed 

nine studies and found that seven out of nine showed no 

significant difference in PD-L1 expression between male 

and female patients.
9
 

Furthermore, Mandala et al, conducted a large meta-

analysis including 9.270 patients for overall survival (OS) 

and 6.193 patients for progression-free survival (PFS). 

Although biological differences between men and women 

may influence immune response and cancer progression, 

their analysis demonstrated that the therapeutic response 

to PD-1/PD-L1 checkpoint inhibition was comparable 

between sexes, indicating that gender does not 

significantly affect the efficacy or expression patterns of 

PD-L1 in tumors.
6 

This study demonstrated a significant correlation between 

PD-L1 expression and meningioma grade, as determined 

by both Tumor Proportion Score (TPS) and Combined 

Positive Score (CPS). The results showed that higher-

grade meningiomas (WHO grades 2–3) expressed PD-L1 

more frequently and intensely than lower-grade (grade 1) 

tumors. Specifically, PD-L1 positivity reached 85,0% in 

grades 2–3 compared to 15,0% in grade 1 based on TPS, 

and 79,2% versus 20,8% based on CPS, respectively (p = 

0,000 for both). These findings suggest that PD-L1 

expression may increase alongside tumor aggressiveness 

and histopathological progression. 

The upregulation of PD-L1 in high-grade meningiomas 

reflects an adaptive immune resistance mechanism, in 

which tumor cells exploit immune checkpoint pathways to 

evade host antitumor responses. PD-L1 binds to its 

receptor PD-1 on activated T lymphocytes, leading to 

inhibition of T-cell proliferation, cytokine release, and 

cytotoxic activity.
7
 This pathway effectively suppresses 

the immune system’s ability to eliminate tumor cells and 

contributes to tumor persistence and recurrence.
8
 

Previous studies have also observed a similar trend, Bi et 

al, found that PD-L1 expression was significantly higher 

in atypical and anaplastic meningiomas compared with 

benign subtypes.
11

 Their study reported PD-L1 positivity 

in 48.9% of high-grade tumors versus only 6.7% in 

benign cases, supporting the notion that PD-L1 is 

associated with malignant transformation. Similarly, Han 

et al, reported that PD-L1–positive meningiomas 

demonstrated a higher Ki-67 proliferation index and were 

more likely to recur within two years of surgical resection, 

implying that PD-L1 may serve as a prognostic biomarker 

of aggressive biological behavior.
10

 

The findings from this study also align with Zhang et al, 

who observed that PD-L1 expression was significantly 

correlated with WHO grade and tumor recurrence, 

suggesting its role in immune escape. Zhang further 

proposed that PD-L1 upregulation might be mediated by 

hypoxia-inducible factors (HIF-1α) and NF-κB pathway 

activation, both of which are known to be enhanced in 

rapidly proliferating or hypoxic tumor 

microenvironments.
12

 This molecular insight supports the 

biological plausibility of the current study’s results, as 
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higher-grade meningiomas typically exhibit greater 

cellularity, necrosis, and mitotic activity — features often 

associated with hypoxic signaling.
12

 

Another present study used both TPS and CPS to quantify 

PD-L1 expression. While TPS evaluates PD-L1 staining 

restricted to tumor cells, CPS accounts for PD-L1 

expression in both tumor and immune cells within the 

tumor microenvironment. Ito et al. emphasized that CPS 

might better reflect the overall immune landscape and 

therefore serve as a more sensitive biomarker for immune 

checkpoint inhibitor (ICI) response.
13

  

However, in several cancer types, including non-small cell 

lung carcinoma, TPS has been shown to correlate more 

closely with therapeutic outcomes.
14 

In this study, both 

TPS and CPS were significantly associated with 

meningioma grade, highlighting the complementary value 

of both scoring systems in capturing the tumor’s 

immunological characteristics.
14

 

From a clinical standpoint, the overexpression of PD-L1 

in high-grade meningiomas provides a rationale for the 

potential use of ICIs, such as anti–PD-1 or anti–PD-L1 

antibodies, in their treatment.
15

 Although meningiomas 

are generally considered “immunologically cold” tumors, 

evidence from recent clinical trials suggests that a subset 

of PD-L1–positive or hypermutated meningiomas may 

benefit from immunotherapy.
21

 In a phase II trial by 

Brastianos et al., pembrolizumab (anti–PD-1) achieved a 

6-month progression-free survival (PFS-6) of 48% in 

recurrent and residual high-grade meningiomas, with 

some patients demonstrating durable disease stabilization. 

Importantly, PD-L1 positivity and higher tumor 

mutational burden were associated with better clinical 

responses.
15

 

Likewise, Omenai et al., examined PD-L1 expression in 

96 meningioma samples and found significant 

associations between PD-L1 positivity and higher tumor 

grade, as well as macrophage infiltration.
9
 The study also 

highlighted the heterogeneity of PD-L1 staining patterns, 

which may vary depending on the antibody clone used. 

This current study utilized a polyclonal Genetex antibody 

(GTX104763), which, while categorized as a research-use 

reagent, has been shown to reliably detect PD-L1 

expression in formalin-fixed paraffin-embedded tissues.
9
 

The clinical relevance of PD-L1 expression in 

meningioma extends beyond prognosis, as it may serve as 

a predictive biomarker for immune checkpoint blockade 

efficacy.
21

 PD-L1 overexpression reflects the activation of 

immunosuppressive pathways that could potentially be 

reversed by anti–PD-1/PD-L1 therapies.
8
 Therefore, 

assessing PD-L1 expression, particularly in recurrent or 

high-grade meningiomas, could help identify patients who 

are most likely to benefit from immunotherapy, 

complementing traditional treatment modalities such as 

surgery and radiotherapy.
8
 

Nevertheless, several limitations should be acknowledged. 

The study’s retrospective design limited the ability to 

control for confounding variables, and the single-centre 

origin of the sample may restrict generalizability. In 

addition, the use of a polyclonal antibody rather than a 

diagnostic clone such as 22C3 or SP263 may introduce 

variability in staining intensity and interpretation. Despite 

these limitations, the findings are consistent with previous 

studies and contribute to the growing evidence supporting 

PD-L1 as an important biomarker in meningioma biology. 

In summary, this study supports the notion that PD-L1 

expression increases with meningioma grade and 

correlates with histopathological aggressiveness. Both 

TPS and CPS showed strong associations with higher-

grade tumors, reinforcing the potential of PD-L1 as a 

prognostic and predictive biomarker. These findings add 

to the accumulating evidence that immunotherapy may 

have a therapeutic role in selected cases of PD-L1–

positive or recurrent meningioma. Further multicentre 

studies with standardized IHC protocols, clones and larger 

cohorts are needed to validate PD-L1 as a biomarker for 

prognosis and treatment selection in meningioma patients. 

 

CONCLUSION 

This study demonstrated a significant correlation between 

PD-L1 expression and meningioma grade. Using both the 

Tumor Proportion Score (TPS) and Combined Positive 

Score (CPS) methods, PD-L1 expression was found to be 

higher in WHO grade 2–3 meningiomas compared to 

grade 1. Statistical analysis revealed p = 0.000 for both 

scoring systems, confirming a strong association between 

PD-L1 positivity and higher tumor grade. 

In contrast, no significant relationship was observed 

between PD-L1 expression and either age or sex, 

suggesting that these demographic factors do not 

influence PD-L1 levels in meningioma. 

These findings indicate that PD-L1 expression may serve 

as a potential prognostic biomarker for tumor 

aggressiveness in meningioma. The increasing expression 

of PD-L1 in higher grades supports its role in immune 

evasion and provides a rationale for exploring immune 

checkpoint inhibitor therapy as an adjunct treatment in 

recurrent or high-grade meningiomas. 

Further multicentre studies with standardized 

immunohistochemical protocols, clones and larger cohorts 

are recommended to validate the prognostic and predictive 

significance of PD-L1 expression in meningioma. 
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