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Abstract: Objective: To analyze the distribution of benign and malignant eyelid tumors and their relationship with 
age, and to provide a reference for clinical diagnosis and treatment. Methods: A retrospective review was conducted 
on 1,056 patients with eyelid tumors. Clinicopathological data were collected to evaluate the histopathological 
characteristics and anatomical site distribution of the tumors. The association between age and the distribution 
of benign and malignant eyelid tumors was analyzed. Results: Among the 1,056 patients with eyelid tumors, 754 
(71.40%) cases were benign, whereas 302 (28.60%) cases were malignant. The upper eyelid was the most affected 
site (44.03%), followed by lower eyelid (41.95%). In patients aged 0-19 years, all tumors were benign. The propor-
tion of malignant tumors increased with age and reached 45.21% in those aged ≥80 years (χ2=149.333, P<0.001). 
Significant differences in tumor types were observed among different age groups (χ2=59.431, P<0.001). Male sex 
was predominant (64.90%) among patients with malignant tumors. Most malignant tumors were moderately dif-
ferentiated (45.70%), and dermal infiltration was the most common pattern (51.66%). The proportion of deep infil-
tration was significantly higher in patients aged ≥60 years (44.88%) than in those <60 years (17.53%) (χ2=21.357, 
P<0.001). Moreover, the proportion of tumors invading the meibomian glands or orbital tissues was higher in the 
lower eyelid (28.06%) compared with other sites (χ2=14.092, P=0.003). Conclusion: The type and malignancy of 
eyelid tumors are closely related to age, gender, and tumor location, while the depth of malignant tumor infiltration 
is associated with age and anatomical site.
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Introduction

Eyelid tumors are a common group of ocular 
disorders. Epidemiological studies have shown 
a gradual upward trend in the incidence of eye-
lid tumors over the past few decades, which 
may be attributed to multiple factors such as 
environmental factors, population aging, and 
advancements in diagnostic techniques [1]. 
Eyelid tumors not only affect the ocular appear-
ance but, more importantly, malignant lesions 
may invade adjacent tissues and structures, 
causing complications such as visual distur-
bances and ocular motility disorders. In ex- 
treme instances, distant metastasis may pose 
a serious threat to the patient’s life [2]. Thus, 
accurate differentiation between benign and 
malignant eyelid tumors is essential for ade-
quate treatment selection and prognosis ass- 
essment. 

Clinically, common benign eyelid tumors include 
nevi, papillomas, chalazia, and hemangiomas, 
while malignant tumors are mainly basal cell 
carcinoma (BCC), meibomian gland carcinoma, 
and squamous cell carcinoma. However, distin-
guishing benign from malignant eyelid lesions 
based on clinical appearance is challenging 
due to atypical or overlapping presentations. 
For example, early symptoms of meibomian 
gland carcinoma often resemble chalazion, 
which may result in misdiagnosis and delayed 
treatment [3]. Consequently, systematic investi-
gation of the distribution patterns of benign and 
malignant eyelid tumors and their association 
with age may improve diagnostic accuracy and 
provide a solid basis for early intervention. 

Although previous studies have focused on eye-
lid tumors, their relatively small sample size lim-
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ited comprehensive assessment of tumor dis-
tribution and age-related patterns [4]. In this 
context, we conducted a large-sample retro-
spective study on 1,056 patients with patho-
logically confirmed eyelid tumors to evaluate 
the distribution characteristics of benign and 
malignant eyelid tumors and their relationship 
with age. With an expanded sample size, this 
study may accurately reflect age-specific trends 
in benign and malignant eyelid tumors and pro-
vide more clinically relevant data.

Materials and methods

Research subjects

Medical records of 1,056 patients with eyelid 
tumors, confirmed by pathological examination 
after surgical resection from January 2021 to 
December 2024 at the West China Hospital of 
Sichuan University, were retrospectively review- 
ed. This study was conducted in accordance 
with the Declaration of Helsinki and approved 
by the Ethics Committee of West China Hospi- 
tal, Sichuan University. Given the retrospective 
nature of this analysis, individual informed con-
sent was waived. 

Inclusion criteria: Patients with histopathologi-
cally confirmed eyelid tumors and complete 
clinical data, including age, sex, tumor location, 
and pathological diagnosis. Exclusion criteria: 
incomplete clinical data; presence of other 
malignant tumors or systemic malignancies; 
and a history of eyelid surgery or radiotherapy 
which might interfere with diagnosis or analysis 
of the current lesion.

Pathological specimen processing

All eyelid tumor specimens were fixed immedi-
ately after excision in 4% neutral formaldehyde 
solution for 12-24 hours to preserve tissue 
morphology and structure. The fixed specimens 
were then dehydrated through graded ethanol 
solutions (70%, 80%, 95%, and 100%), cleared 
in xylene, and embedded in paraffin. Paraffin-
embedded blocks were cut at a thickness of 
4-5 μm using a microtome, mounted on glass 
slides, and stained with hematoxylin-eosin 
(HE). Hematoxylin stained cell nuclei blue, while 
Eosin stained the cytoplasm red, allowing clear 
visualization of the histological structures for 
accurate pathological diagnosis. 

Data collection 

Clinical and pathological data of patients were 
collected, including demographic information 
(age and sex), tumor locations (upper eyelid, 
lower eyelid, inner canthus, and outer canthus), 
and pathological diagnosis (specific benign and 
malignant tumor subtypes). 

Preoperative clinical features were also collect-
ed, including tumor color (black, brown, skin-
colored, red, etc.), shape (regular/irregular), 
surface condition (smooth, rough, or ulcerated), 
presence of pain, rapid rumor enlargement (an 
increase in diameter ≥3 mm within 6 months), 
and presence of hemorrhage or discharge. 
Differences in clinical manifestations between 
benign and malignant tumors were analyzed.

For malignant tumors, additional pathological 
assessments were performed, including patho-
logical differentiation grading (well-differentiat-
ed, moderately differentiated, and poorly di- 
fferentiated) and infiltration depth. Infiltration 
depth was classified according to the extent of 
tumor invasion into the dermal layer, subcuta-
neous tissue, meibomian glands, and perior-
bital soft tissues. Furthermore, differences in 
pathological grade and infiltration depth were 
further analyzed among malignant tumors 
stratified by pathological type, age group, and 
anatomical location.

Statistical analysis methods

SPSS 25.0 statistical software was used for 
data analyses. Categorical data were present-
ed as case numbers and percentages (%) and 
compared between groups using the chi-square 
(χ2) test. A P-value of <0.05 was considered 
statistically significant.

Results

Histopathological distribution of benign and 
malignant eyelid tumors

Among the 1,056 patients with eyelid tumors, 
754 cases (71.40%) were benign, and 302 
cases (28.60%) were malignant. Among benign 
tumors, nevus was the most common histo- 
logical type, accounting for 38.33% (289/754), 
followed by seborrheic keratosis (89 cases, 
11.80%), squamous papilloma (86 cases, 
11.41%), epidermoid cyst (72 cases, 9.55%), 
calcifying epithelioma (pilomatricoma) (57 cas- 
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es, 7.56%), dermoid cyst (43 cases, 5.70%), 
and hemangioma (30 cases, 3.98%), among 
others.

Among malignant tumors, BCC was the most 
prevalent type, representing 51.66% (156/ 
302). Other malignant tumor types includ- 
ed sebaceous gland carcinoma (37 cases, 
12.25%), malignant melanoma (MM) (26 cases, 
8.61%), meibomian gland carcinoma (24 cases, 
7.95%), meibomian gland carcinoma (seba-
ceous gland carcinoma) (20 cases, 6.62%), 
squamous cell carcinoma (SCC) (13 cases, 
4.30%), and recurrent meibomian gland carci-
noma (10 cases, 3.31%) (Table 1). Representa- 
tive H&E stained images of benign and malig-
nant eyelid tumors are shown in Figure 1.

Anatomical site distribution of benign and 
malignant eyelid tumors

A total of 465 tumors (44.03%) were located in 
the upper eyelid, including 327 benign cases 
(70.32%) and 138 malignant cases (29.68%). 
There were 443 tumors (41.95%) located in  
the lower eyelid, including 304 benign cases 

(68.62%) and 139 malignant cases (31.38%). 
At the medial canthus, 95 tumors (9.00%) were 
identified, including 76 benign (80.00%) and 19 
malignant (20.00%) cases. At the lateral can-
thus, 53 tumors (5.02%) were observed, con-
sisting 47 benign cases (88.68%) and 6 malig-
nant cases (11.32%). Significant differences 
were observed in the distribution of benign and 
malignant tumors across different anatomi- 
cal sites (χ2=13.128; P=0.004), with relatively 
higher proportions of malignant tumors located 
in the lower eyelid and medial canthus (Figure 
2).

Age-specific distribution of benign and malig-
nant eyelid tumors 

Patients were divided into five age groups: 0-
19, 20-39, 40-59, 60-79, and ≥80 years of age. 
In the 0-19 age group (132 patients), all tumors 
were benign. In the 20-39 age old group (149 
patients), 142 cases (95.30%) were benign and 
7 cases (4.70%) were malignant. In the 40-59 
age group (310 patients), 220 cases (70.97%) 
were benign and 90 cases (29.03%) were ma- 
lignant. In the 60-79 age group (319 patients), 

Table 1. Histopathological distribution of benign and malignant eyelid tumors
Number Eyelid Tumor Count Proportion Number Eyelid Tumor Count Proportion

Benign (754 cases)
1 Nevus 289 38.33% 13 Cyst 6 0.80%
2 Seborrheic Keratosis 89 11.80% 14 Epithelial Cyst 5 0.66%
3 Squamous Papilloma 86 11.41% 15 Papilloma 4 0.53%
4 Epidermoid Cyst 72 9.55% 16 Schwannoma 4 0.53%
5 Calcifying Epithelioma  

(Pilomatricoma)
57 7.56% 17 Keratoacanthoma 3 0.40%

6 Dermoid Cyst 43 5.70% 18 Lobular Capillary Hemangioma 2 0.27%
7 Hemangioma 30 3.98% 19 Trichoepithelioma 2 0.27%
8 Squamous Epithelial  

Papillomatous Hyperplasia
13 1.72% 20 Inverted Follicular Keratosis 2 0.27%

9 Benign Cyst 12 1.59% 21 Neurofibromatosis 2 0.27%
10 Cavernous Hemangioma 11 1.46% 22 Fibrolipoma 2 0.27%
11 Capillary Hemangioma 10 1.33% 23 Seborrheic Keratosis 2 0.27%
12 Sebaceous Cyst 8 1.06% 24 - - -

Malignant (302 cases)
1 BCC 156 51.66% 7 NHL 5 1.66%
2 Meibomian Gland Carcinoma  

(Sebaceous Gland Carcinoma)
44 14.57% 8 Recurrent Sebaceous  

Gland Carcinoma
5 1.66%

3 Sebaceous Gland Carcinoma 37 12.25% 9 Recurrent BCC 2 0.66%
4 Malignant Melanoma (MM) 26 8.61% 10 Squamous Cell-BCC 2 0.66%
5 Squamous Cell Carcinoma (SCC) 13 4.30% 11 Cutaneous BCC 2 0.66%
6 Recurrent Meibomian Gland 

Carcinoma
10 3.31% - - -

BCC: Basal Cell Carcinoma; MM: Malignant Melanoma; SCC: Squamous Cell Carcinoma; NHL: Non-Hodgkin Lymphoma.
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180 cases (56.43%) were benign and 139 
cases (43.57%) were malignant. In patients 
aged ≥80 years (146 patients), 80 cases 
(54.79%) were benign and 66 cases (45.21%) 
were malignant. Significant differences were 
observed in the proportion of malignant tumors 
across the five age groups (χ2=149.333, P< 
0.001), with the proportion of malignant tumors 
gradually increasing with age (Figure 3).

les and 38.73% (292/754) in males. In con-
trast, malignant tumors were more prevalent in 
males 64.90% (196/302). A significant associ-
ation was found between sex and the benign or 
malignant nature of eyelid tumors (χ2=59.431, 
P<0.001). In the age groups of 40-59, 60-79, 
and ≥80 years, the proportion of malignant eye-
lid tumors was higher in males than in females 
(Table 3).

Figure 1. Representative hematoxylin-eosin (HE)-stained images of benign 
and malignant eyelid tumors. A. Neurofibroma (magnification: ×200); B. Dif-
fuse large B-cell lymphoma (a subtype of non-Hodgkin lymphoma) (mag-
nification: ×200); C. Meibomian gland carcinoma (Sebaceous gland carci-
noma) (magnification: ×400).

Distribution of benign and 
malignant tumor types across 
different age groups

In the 0-19-year-old group, the 
most common tumor types 
were calcifying epithelioma 
(pilomatricoma) and dermoid 
cyst, accounting for 43.18% 
and 31.06% of benign tumors, 
respectively. Among patients 
aged 20-39 years, the nevus 
and epidermoid cyst were the 
predominant benign tumor ty- 
pes, representing 61.27% and 
23.24%, respectively. In the 
40-59-year age group, BCC 
accounted for the highest  
proportion of malignant tu- 
mors (61.11%), followed by 
malignant melanoma (MM) 
(23.33%). In the 60-79-year-
old age group, BCC and meibo-
mian gland carcinoma (seba-
ceous gland carcinoma) were 
the main malignant tumor ty- 
pes, accounting for 64.75% 
and 15.83%, respectively. In 
the ≥80 years age group, mei-
bomian gland carcinoma (se- 
baceous gland carcinoma) and 
BCC remained the primary 
malignant tumor types, repre-
senting 29.45% and 6.85%, 
respectively. Overall, the distri-
bution of common tumor types 
differed across age groups 
(Table 2).

Gender distribution of benign 
and malignant eyelid tumors 
across age groups

Among benign tumors, 61.27% 
(462/754) occurred in fema- 

Figure 2. Distribution of benign and malignant tumors at different anatomi-
cal sites of the eyelid. A. Upper eyelid; B. Lower eyelid; C. Medial canthus; 
D. Lateral canthus.
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Differences in clinical manifestations between 
benign and malignant eyelid tumors

Significant differences were observed in the 
distribution of clinical manifestations between 
benign and malignant eyelid tumors, with all 
evaluated clinical features significantly associ-
ated with tumor nature (all P<0.05) (Table 4). In 
terms of comprehensive appearance assess-
ment (color, shape, and surface characteris-
tics), 72.41% (546/754) of benign tumors  
presented with uniform color (predominantly 
brown and skin-colored), regular shape, and 
smooth surface. In contrast, 68.21% (206/302) 
of malignant tumors were characterized by 
uneven color (a mixture of black and dark red), 
irregular shape, and rough or ulcerated sur-
face. Pain or hemorrhage was observed in only 
3.32% (25/754) of benign tumors, while this 
proportion reached 28.48% (86/302) among 
malignant tumors. Rapid tumor enlargement 
was observed in 1.59% (12/754) of benign 
tumors, whereas 35.10% (106/302) of malig-
nant tumors showed rapid enlargement within 
a short period.

Pathological grading and infiltration depth of 
malignant eyelid tumors

Regarding pathological grading, among the 
302 malignant tumor cases, 112 cases 
(37.09%) were well-differentiated, 138 cases 
(45.70%) were moderately differentiated, and 
52 cases (17.22%) were poorly differentiat- 
ed. In terms of infiltration depth, 156 cases 
(51.66%) showed invasion of the dermal layer, 
98 cases (32.45%) exhibited subcutaneous tis-
sue invasion, 38 cases (12.58%) involved the 
meibomian glands, and 10 cases (3.31%) ex- 
tended to the periorbital soft tissues. 

Patients aged ≥60 years showed a significantly 
higher proportion of tumors invading the subcu-
taneous tissue or deeper layers compared to 
those younger than 60 years (44.88% [92/ 
205] vs. 17.53% [17/97]; χ2=21.357, P<0.001). 
Concerning the correlation between tumor 
location and infiltration depth, the proportion of 
malignant tumors in the lower eyelid invading 
the meibomian glands or orbital tissues was 
28.06% (39/139). The proportions in the up- 
per eyelid (14.49%, 20/138), inner canthus 
(5.26%, 1/9), and outer canthus (0.00%, 0/6) 
were lower than this proportion, which were  
significantly different (χ2=14.092, P=0.003) 
(Table 5).

Discussion

In this retrospective analysis of 1,056 histo-
pathologically confirmed eyelid tumor speci-
mens, benign eyelid tumors accounted for 
71.40% of all cases, with nevus being the most 
common subtype, whereas malignant eyelid 
tumors constituted 28.60%, among which BCC 
was the predominant histological type. Both 
the upper and lower eyelids were identified as 
high-incidence sites for malignant tumors. The 
proportion of malignant eyelid tumors increased 
progressively with age, and malignant lesions 
were more frequently observed in males over 
40 years. In addition, the distribution of tumor 
subtypes varied significantly across different 
age groups. These findings may contribute to 
improved clinical diagnosis and treatment of 
eyelid tumors.

The proportion of malignant eyelid tumors in 
this study was 28.60%, which is higher than 
12.9% reported in a Turkish study involving  
251 patients [5]. This difference may be attrib-
utable to differences in sample size, UV expo-
sure, and genetic background among popula-
tions. Consistent with previous reports by 
Levinkron et al. [6] (9.2%) and Ulas et al. [7] 
(23%), BCC was the most common malignant 
eyelid tumor in this study. In terms of anatomi-
cal site distribution, malignant tumors were 
more frequently located in the lower eyelid than 
in the upper eyelid, a conclusion consistent 
with the study by Oliveira et al. [8], which report-
ed that BCC - accounting for 90.9% of all malig-
nant eyelid tumors - predominantly involved the 
lower eyelid. With respect to age-related pat-
terns, the proportion of malignant tumors 
increased gradually with increasing ages and 

Figure 3. Distribution of benign and malignant tu-
mors in different age groups.
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Table 2. Distribution of benign and malignant tumor types in different age groups
Age group Eyelid tumor type Count Proportion Age group Eyelid tumor type Count Proportion
0-19-year group (n=132) Benign tumor (n=132) 60-79 years (n=319) Benign tumor (n=180)

Calcifying Epithelioma  
(Pilomatricoma)

57 43.18% Nevus 92 51.11%

Dermoid Cyst 41 31.06% Seborrheic Keratosis 83 46.11%
Epidermoid Cyst 26 19.70% Keratoacanthoma 3 1.67%
Hemangioma 6 4.55% Inverted Follicular Keratosis 2 1.11%
Nevus 2 1.52% Malignant tumor (n=139)

20-39-year group (n=149) Benign tumor (n=142) BCC 90 64.75%
Nevus 87 61.27% Meibomian Gland Carcinoma  

(Sebaceous Gland Carcinoma)
22 15.83%

Epidermoid Cyst 33 23.24% Recurrent Meibomian Gland Carcinoma 
(Sebaceous Gland Carcinoma)

9 6.47%

Sebaceous Cyst 8 5.63% SCC 7 5.04%
Squamous Papilloma 5 3.52% MM 5 3.60%
Hemangioma 4 2.82% Recurrent BCC 2 1.44%
Dermoid Cyst 2 1.41% Squamous Cell-BCC 2 1.44%
Fibrolipoma 2 1.41% Cutaneous BCC 2 1.44%
Trichoepithelioma 1 0.70% 80 years and above (n=146) Benign tumor (n=80)
Malignant tumor (n=7) Nevus 15 18.75%
SCC 3 42.86% Cavernous Hemangioma 11 13.75%
Meibomian Gland Carcinoma  
(Sebaceous Gland Carcinoma)

3 42.86% Hemangioma 11 13.75%

BCC 1 14.29% Capillary Hemangioma 10 12.50%
40-59-year group (n=310) Benign tumor (n=220) Epidermoid Cyst 8 10.00%

Nevus 93 42.27% Cyst 6 7.50%
Squamous Papilloma 79 35.91% Benign Cyst 4 5.00%
Squamous Epithelial  
Papillomatous Hyperplasia

10 4.55% Schwannoma 4 5.00%

Hemangioma 9 4.09% Squamous Epithelial Papillomatous  
Hyperplasia

3 3.75%

Benign Cyst 8 3.64% Lobular Capillary Hemangioma 2 2.50%
Seborrheic Keratosis 6 2.73% Neurofibromatosis 2 2.50%
Epidermoid Cyst 5 2.27% Squamous Papilloma 2 2.50%
Epithelial Cyst 4 1.82% Papilloma 1 1.25%
Papilloma 3 1.36% Epithelial Cyst 1 1.25%
Seborrheic Keratosis 2 0.91% Malignant tumor (n=66)
Trichoepithelioma 1 0.45% Meibomian Gland Carcinoma  

(Sebaceous Gland Carcinoma)
43 29.45%
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Malignant tumor (n=90) BCC 10 6.85%
BCC 55 61.11% NHL 5 3.42%
MM 21 23.33% Recurrent Meibomian Gland Carcinoma 

(Sebaceous Gland Carcinoma)
6 9.09%

Meibomian Gland Carcinoma 
(Sebaceous Gland Carcinoma)

13 14.44% SCC 2 1.37%

SCC 1 1.11% - - -
SCC: Squamous Cell Carcinoma; BCC: Basal Cell Carcinoma; MM: Malignant Melanoma; NHL: Non-Hodgkin Lymphoma.

Table 3. Gender distribution of benign and malignant tumors in different age groups

Age Total (n=1056)
Female (n=568) Male (n=488)

χ2 P
n Benign  

tumor (n=462)
Malignant  

tumor (n=106) n Benign  
tumor (n=292)

Malignant  
tumor (n=196)

0-19-year group 132 82 82 (100.00%) 0 (0%) 50 50 (100.00%) 0 (0%) - -
20-39-year group 149 87 84 (96.55%) 3 (3.45%) 62 58 (93.55%) 4 (6.45%) 0.213 0.645
40-59-year group 310 171 143 (83.63%) 28 (16.37%) 139 77 (55.40%) 62 (44.60%) 29.657 <0.001
60-79-year group 319 160 105 (65.63%) 55 (34.38%) 159 75 (47.17%) 84 (52.83%) 11.047 0.001
≥80 years 146 68 48 (70.59%) 20 (29.41%) 78 32 (41.03%) 46 (58.97%) 12.818 <0.001

Table 4. Differences in the distribution of clinical manifestations between benign and malignant eyelid tumors

Dimension of tumor symptoms Symptom presentation Total cases with this 
symptom presentation

Benign  
tumors (n=754)

Malignant  
tumors (n=302) χ2 P

Comprehensive appearance (Color+Morphology+Surface) Uniform/Regular/Smooth 642 546 (72.41%) 96 (31.79%) 149.317 <0.001
Heterogeneous/Irregular/Rough  
or Ulcerated

414 208 (27.59%) 206 (68.21%)

Pain or bleeding Present 111 25 (3.32%) 86 (28.48%) 145.127 <0.001
Absent 945 729 (96.68%) 216 (71.52%)

Rapid growth in a short period Present 118 12 (1.59%) 106 (35.1%) 243.921 <0.001
Absent 938 742 (98.41%) 196 (64.9%)



Pathological specimens of eyelid tumors

2580	 Am J Transl Res 2026;18(3):2573-2583

reached its peak in patients aged ≥80 years, 
corroborating the association between aging 
and increased risk of cancer. Regarding sex dis-
tribution, malignant eyelid tumors were more 
common in males than in females among 
patients over 40 years, suggesting that older 
males are at a higher risk of malignant eyelid 
tumors. Collectively, these finding indicate that 
both sex and age play important roles in the 
development of malignant eyelid tumors. 

Notably, this study systematically analyzed dif-
ferences in clinical manifestations between 
benign and malignant eyelid tumors. A compre-
hensive assessment of the appearance, pain or 
bleeding, and rapid tumor enlargement over a 
short period showed potential in distinguishing 
benign from malignant lesions. Most benign 
tumors had a uniform color, regular outline,  
and smooth surface. In contrast, malignancies 
typically exhibited heterogeneous pigmenta-
tion, irregular outline, and rough or ulcerated 
surfaces. These differences may reflect under-
lying tissue architectural disruption caused by 
uncontrolled proliferation of malignant cells  
[9]. Early identification of these symptoms may 
facilitate preliminary differentiation at primary 
medical institutions. Histopathological analysis 
further revealed that well-differentiated and 
moderately differentiated malignant tumors 
accounted for 37.09% of all malignant eyelid 
tumors, indicating that the majority of malig-
nant eyelid tumors exhibited a high degree of 

differentiation and less aggressive biological 
behaviors, an important aspect of good progno-
sis. Over half the malignant tumors were con-
fined to the dermal layer, while 32.45% invaded 
the subcutaneous or deeper tissues. According 
to the report by Gąsiorowski et al. [4], this pat-
tern is associated with a relatively low risk  
of orbital invasion. However, deeper infiltration 
was more frequently observed in patients aged 
over 60 years and in tumors located on the 
lower eyelid. Therefore, extended surgical res- 
ection is recommended for elderly patients 
with malignant tumors of the lower eyelid to 
minimize local recurrence [10].

The age-related distribution and anatomical 
predilection of eyelid tumors are likely attribut-
able to multifactorial pathophysiological mech-
anisms, including cumulative UV exposure, cel-
lular senescence, and repair anomalies, hor- 
monal alterations, and site-specific anatomical 
traits. As an exposed facial region, the eyelid  
is chronically irradiated by ultraviolet B (UVB), 
which induces DNA damage in epidermal cells 
through the formation of cyclobutane pyrimi-
dine dimers (CPDs) and 6-4 photoproducts 
(6-4PPs) [11]. With advancing age, nucleotide 
excision repair (NER) capacity in skin keratino-
cytes declines, eventually leading to the accu-
mulation of unrepaired DNA damage and sub-
sequent gene mutations [12]. The Patched 1 
(PTCH1) gene inactivation has been strongly 
implicated in the pathogenesis of BCC. UVB-

Table 5. Distribution of pathological grading and infiltration depth in malignant eyelid tumors

Analytical dimension Classification Number of 
cases (n)

Constituent 
ratio (%) χ2 P

Pathological grading distribution Well-differentiated 112 37.09% - -

Moderately-differentiated 138 45.70% - -

Poorly-differentiated 52 17.22% - -

Invasion depth distribution Dermal invasion 156 51.66% - -

Subcutaneous tissue invasion 98 32.45% - -

Tarsal gland invasion 38 12.58% - -

Periorbital soft tissue invasion 10 3.31% - -

Association between age and invasion depth ≥60 years old (Subcutaneous  
or deeper invasion)

92/205 44.88% 21.357 <0.001

<60 years old (Subcutaneous  
or deeper invasion)

17/97 17.53%

Association between location and invasion depth Lower eyelid (Tarsal gland/Orbital  
tissue invasion)

39/139 28.06% 14.092 0.003

Upper eyelid (Tarsal gland/Orbital  
tissue invasion)

20/138 14.49%

Medial canthus (Tarsal gland/Orbital  
tissue invasion)

1/19 5.26%

Lateral canthus (Tarsal gland/Orbital  
tissue invasion)

0/6 0.00%
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induced mutations within the exons of PTCH1 
alleviate the suppression of Hedgehog signal-
ing pathway and promote aberrant cell prolifer-
ation. Moreover, lower eyelid and medial can-
thus receive higher UVB exposure due to 
irradiation angles. The thinner skin and high 
density of sebaceous glands in these regions 
may further increase susceptibility to malig-
nant transformation [13, 14]. 

Age-related mechanisms underlying cellular 
senescence and tumor development appear to 
be stage specific. The high incidence of calcify-
ing epithelioma (pilomatricoma) and dermoid 
cyst in infants and young children is mainly 
attributable to abnormal differentiation of hair 
matrix cells and ectopic epithelial tissue during 
embryonic development [15]. These tumors are 
mostly congenital lesions and tend to stabilize 
gradually with age. The predominance of nevus 
in young adults is associated with increased 
proliferative activity of melanocytes [16]. Dur- 
ing this life stage, melanocytes are sensitive  
to hormonal regulation, and although UV expo-
sure begins to accumulate, it has generally not 
reached the threshold necessary for malignant 
transformation. The high prevalence of BCC 
and meibomian gland carcinoma in middle-
aged and elderly individuals is closely associ-
ated with cellular senescence-related mecha-
nisms, including telomere shortening and p53 
gene mutations. Studies have demonstrated 
that telomere length in skin cells is significantly 
reduced in individuals over 60 years, accompa-
nied by an increased mutation rate of p53, 
markedly elevating the risk of malignant tumor 
development [17, 18]. The increased propor-
tion of meibomian gland carcinoma observed 
in the population aged ≥80 years may fur- 
ther be related to cellular metabolic disorders 
caused by the age-related decline in meibo-
mian gland function. Abnormal lipid synthesis 
in sebaceous gland cells can activate the PI3K/
Akt/mTOR signaling pathway, thereby promot-
ing tumor progression [19, 20].

The molecular mechanism underlying sex-relat-
ed differences in malignant eyelid tumor inci-
dence are likely multifactorial and primarily 
involves hormonal regulation and sex-specific 
differences in DNA repair capacity. The higher 
incidence of malignant tumors in males may be 
associated with the expression of androgen 
receptor (AR). AR expression has been detect-

ed in meibomian gland carcinoma tissues [21], 
and androgen-AR binding can activate down-
stream target genes, thereby promoting cell 
proliferation [22]. In contrast, the cancer-pro-
tective effect of the estrogen receptor β (ERβ) 
in female skin could minimize the risk [23]. ERβ 
expression has been reported to be higher in 
female patients with benign tumors than in 
male patients; ERβ upregulates BRCA1 expres-
sion, thereby enhancing DNA repair capacity 
[24]. 

Several limitations should be acknowledged in 
this study. First, as a single-center retrospec-
tive study, selection bias cannot be excluded. 
Second, crucial clinical data, including cumula-
tive UV exposure and family tumor history, were 
unavailable, preventing further exploration of 
the interplay among risk factors. Third, patho-
logical diagnosis was based solely on H&E 
staining, without immunohistochemical mark-
ers (e.g., CK5/6, p63) for carcinoma subtyping, 
which may have affected diagnostic accuracy 
of some tumor types. The absence of long-term 
follow-up data precluded analysis of prognostic 
outcomes and recurrence-related risk factors. 
Finally, no molecular analyses were performed, 
which restricted evaluation of mutation profile-
clinical characteristic associations, limiting the 
depth of mechanistic insight.

Conclusions

Eyelid tumors are predominantly benign, with 
malignancy increasing with age. Basal Cell 
Carcinoma and meibomian gland carcinoma 
are the most common malignancies in elderly 
patients. The clinical features such as uneven 
color, irregular shape, rough and ulcerated sur-
face, pain and hemorrhage, rapid tumor en- 
largement in a short period may assist in dif-
ferentiating benign from malignant tumors. 
Malignant tumors are more aggressive in pa- 
tients above 60 years and in the lower eyelid. 
The results are clinically relevant. Differential 
screening and surveillance strategies should 
be tailored to high-risk groups and anatomical 
sites. In males over 40 years of age with new 
lesions on the lower eyelid or medial canthus, 
malignancy is highly suspected, and timely 
biopsy is strongly recommended. 
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