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Podoplanin (D2-40) is a lymphatic endothelial marker that is considered as a spe-
cific marker for lymphatic endothelial cells and lymphangiogenesis in salivary
gland carcinomas (SGCs). Aim: the present study aimed to investigate the immu-
nohistochemical expression of podoplanin in SGCs and to correlate its expression
with the clinicopathological parameters and patients’ survival.

Forty-nine SGC cases were electronically selected. Demographic, clinical, labora-
tory, and survival data were reviewed and tabulated. Immunohistochemistry was
performed using antipodoplanin. Cases were divided into low and high expression
based on a scoring system. A score of 0 and 1 was considered low expression, while
> 1 was considered high expression.

Podoplanin high expression was seen in 46.9% of cases, and 53.1% of cases showed
low expression. Significant statistical associations were seen between podoplanin
expression and tumour grade ( p < 0.001), tumour-nodal- metastasis (TNM) stage
(@ < 0.001), tumour size (p < 0.001), nodal metastasis (¢ < 0.001), tumour type
(@ = 0.03), prognosis (¢ < 0.001), and mortality (» < 0.001). The overall survival
and progression-free survival differed significantly in cases with high and low ex-
pression (p < 0.001).

Podoplanin overexpression might be a significant prognostic indicator for patients
with SGCs, implicating that it is a potential therapeutic target to improve survival
in these cancer patients.
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Introduction

Salivary gland carcinomas (SGCs) represent a di-
verse group of tumours with different clinical be-
haviours and morphological patterns. This difference
makes their classification, diagnosis, and treatment
a major challenge {1, 2}. Also, SGCs have an unpre-
dictable prognosis, so they constitute an important
area in the field of oral and maxillofacial pathology
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[3, 41. Of all SGCs, mucoepidermoid carcinoma and
adenoid cystic carcinoma are the most common ma-
lignant salivary gland tumours {4].

TNM classification of SGCs is an important diag-
nostic and prognostic factor and the final step be-
fore discussing any treatment options {5}. The clin-
icopathological factors of the TNM system include
the presence of lymph node and distant metastasis
at diagnosis, and they are considered the most po-
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tent unfavourable prognostic factors. A better un-
derstanding of how the lymphatics grow and develop
metastasis in a variety of tumours aids in predicting
cell dissemination and avoiding unnecessary over-
treatment {5}.

The spread of tumour cells through the lymphatics
to regional lymph nodes is a significant independent
adverse prognostic factor for patients with SGCs.
Many studies have reported the role of lymphangio-
genesis in the progression of this lesion. However,
the association between lymphatic micro vessel den-
sity and lymph node metastasis in SGCs is unclear,
and information regarding the lymphatic spread is
scarce [6].

The presence of positive draining lymph nodes
in SGC cases decreases the mean overall survival in
these patients by more than 50% {7}.

Hence, many researchers are interested in search-
ing for biological markers to predict the biological
behaviour of salivary gland tumours {8]. Lymphatic
endothelial markers, such as the antibody D2-40, can
be used to analyse nodal metastasis {9]. This marker is
considered as a specific marker for lymphatic endothe-
lial cells and lymphangiogenesis in many tumours { 10}.

Therefore, the present study was carried out to
investigate the immunohistochemical expression
of podoplanin (D2-40) in SGCs and to correlate its
expression with the clinic-pathological parameters
of the studied cases.

Material and methods

Case reports

The present study was carried out on 49 formalin-
fixed, paraffin-embedded tissue blocks of SGC cases:
26 mucoepidermoid carcinoma, 13 adenoid cystic car-
cinoma, 5 carcinoma ex pleomorphic adenoma, and
5 acinic cell carcinoma, which underwent complete
surgical resection and were diagnosed during the pe-
riod between January 2011 and December 2018.
The cases were collected from the Pathology Lab,
Oncology Centre, Faculty of Medicine, Mansoura
University and the Oral Pathology Department, Fac-
ulty of Dentistry, Mansoura University.

As regards the grading of our studied cases, mu-
coepidermoid carcinoma were classified as either
low grade (grade I), intermediate grade (grade II),
and high grade (grade III). Adenoid cystic carcino-
ma grading is based solely on growth pattern, with
3 grades of increasing aggressiveness based on
the predominant growth pattern: grade I — tubular,
grade II — cribriform, and grade III — solid. Carcino-
ma ex pleomorphic adenoma with high grade adeno-
carcinoma, not otherwise specified, and salivary duct
carcinoma, being the most common histologic sub-
type of the carcinomatous component, are considered
high grade (grade III) {11}.

The clinical staging of the patients was determined
according to criteriaset in the tumour-node-metastasis
(TNM) system {12}

Tumour recurrence and metastasis were confirmed
by radiographical and pathological diagnosis.

The follow-up period was 36 months.

Sections of the cases were stained with H&E to
confirm the diagnosis of tumours and to reclassify
them into their pathological subtypes.

All the available clinical data for the studied cases
were collected from patients’ registered medical doc-
uments in the Pathology Department, Oncology
Centre, and Oral Pathology Department regarding
the patient age, sex, site of tumour, tumour size, and
presence or absence of lymph node metastasis.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues were
cut into 4-um sections, mounted on glass slides, and
then deparaffinized in graded alcohol. Endogenous
peroxidase activity was blocked with 3% H,O, for
20 min. The slides were incubated overnight at
4°C with the primary antibody podoplanin (D2-40)
(rabbit polyclonal antibody, concentrated, Chongg-
ing Biopies Co., Ltd, China). The primary antibody
binding was detected using peroxidase-labelled sec-
ondary antibody and chromogen, diaminobenzidine
(Dako EnVision™ Detection Systems, Dako, Den-
mark) according to the manufacturer’s recommen-
dations. Tissue sections were counterstained with
haematoxylin. Negative controls were treated using
the same procedures but omitting the use of the pri-
mary antibody. The staining of adjacent lymphatic
endothelial cells within the same sections was used as
the positive internal control. Negative controls were
prepared by replacing the primary antibodies with
non-immune mouse serum, and no reactive products
were detected.

Cytoplasmic and/or membrane immunoreactivity
were considered to indicate podoplanin expression
positivity. All the slides were reviewed independently
by 2 pathologists without knowledge of the clini-
cal information of the patients. Scores were based
on staining extension: no positive tumour cells, 0;
< 10% positive tumour cells, 1; 10-30% positive
tumours cells, 2; > 30% positive tumours cells, 3.
A score of 0 and 1 was considered low expression,
while > 1 was considered high expression {13].

Statistical analysis

Data were analysed using the Statistical Package
of Social Science (SPSS) program for Windows (Stan-
dard version 26). The normality of data was first test-
ed with one-sample Kolmogorov-Smirnov test. Quali-
tative data were described using number and percent.
Association between categorical variables was tested
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Table 1. Correlation between podoplanin expression and patients’ characteristics

PATIENTS’ CHARACTERISTICS STUDY GROUP, N = 49

PATIENTS’ CHARACTERISTICS STUDY GROUP, N = 49

Agelyears (%) T3 12 (24.5)
Mean =SD 53.14 £15.73 T4 11 (22.4)
< 60y (%) 31 (63.3) N (%)
> 60y (%) 18 (36.7) NO 30 (61.2)

Gender (%) N1 10 (20.4)
Male 31 (63.3) N2 9 (18.4)
Female 18 (36.7) Tumour type (%)

Site (%) Low-grade MEC 6(12.2)
Parotid 34 (69.4) Intermediate MEC 1(2.0)
Submandibular gland 7 (14.3) High-grade MEC 19 (38.8)
Palate 6(12.2%) Adenoid cystic carcinoma 13 (26.5)
Tongue 1(2.0) Acinic cell carcinoma 5 (10.2)
Sublingual 1(2.0) Carcinoma ex pleomorphic 5 (10.2)

Grade (%) adenoma
Grade 1 15 (30.6) Prognosis (%)

Grade 2 7 (14.3) Stationary 35 (71.4)
Grade 3 27 (55.1) Recurrent 14 (28.6)
TNM stage (%) Podopl:.min (D2-40)

expression (%)
! 1124 Low expression 26 (53.1)
I 9(18.4) High expression 23 (46.9)
1l 12 (245) Mortality (%)
v 17347 Died 27 (55.1)

TT(;%) 1224 Survived 22 (44.9)
T2 15 (30. 6) M — metastasis, MEC — mucoepidermoid carcinoma, N — node, SD — standard

using the c’test, and the Monte Carlo test was used
when the expected cell count was less than 5.

Continuous variables were presented as mean
*SD (standard deviation) for normally distributed
data. The Kaplan-Meier test was used for survival
analysis, and the statistical significance of differences
among curves was determined by log-rank test. For
all the above-mentioned statistical tests, the thresh-
old of significance was fixed at 5% (p-value), i.e.
the results were considered significant when p < 0.05.
The smaller the p-value obtained, the more signifi-
cant the results.

This research was supported by the Researchers
Supporting Program (TUMA-Project-2021-37),
Al-Maarefa University, Riyadh, Saudi Arabia.

Results

The study was applied to 49 cases of different sal-
ivary tumours, of which 31 were male and 18 were
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deviation, T — tumonr, TNM — tumour-node metastasis

female patients, with a mean age of 53.14 =15.73
years, the clinical criteria of whom are presented in
Table I. Most of the tumours were in the parotid
gland (69.4%); in contrast, the tongue and sublin-
gual gland were the least likely locations for the tu-
mour to arise (2.0%) for both. As regards tumour
size, most cases (30.6%) were T2. T3 tumours rep-
resented (24.5%) while T1 tumours and T4 tumours
represented (22.4%) for both. Among the 49 tu-
mours analysed, 19 cases (38.8%) were high-grade
mucoepidermoid carcinoma — the commonest type,
followed by 13 cases (26.5%) of adenoid cystic carci-
noma, 6 cases (12.2%) of low-grade mucoepidermoid
carcinoma, 5 cases (10.2%) of acinic cell carcinoma,
5 cases (10.2%) of carcinoma ex pleomorphic ade-
noma, and one case (2.0%) of intermediate-grade
mucoepidermoid carcinoma. Regarding the grade
distribution of the studied cases, 27 (55.1%) were
grade III, 15 (30.6%) were grade I, and 7 (14.3%)
were grade II. Among the studied cases, 30 (61.2%)
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(H&E, 200x); B) Previous case that shows immunohistochemical positivity of lymphatic vessel lining for podoplanin
(podoplanin 200x); C) Photomicrograph of high-grade mucoepidermoid carcinoma showing solid nests of epidermoid
and intermediate cells (H&E 100x); D) Previous case showing cytoplasmic reaction in the tumour cells and at the periph-

ery of the tumour nests (podoplanin 200x)

showed no nodal metastasis. Most of the studied cases
were TNM stage IV at diagnosis (34.7%), followed
by stage III (24.5%), stage I (22.4%), and stage II
(18.4%).

Podoplanin expression and clinicopathological
features

Among the 49 tumours analysed, podoplanin
expression was low (Fig. 1) in 26 cases (53.1%) while
23 cases (46.9%) showed high expression (Figs. 2, 3).
The relationship between podoplanin expression and
the clinicopathological parameters is summarized in
Table II.

Statistically significant associations were found be-
tween podoplanin expression and the following clinic-
pathological criteria:

* tumour grade (p <0.001) —70.4% of high expression
cases were seen in grade 3 tumours, while 81.8%

of low expression cases were seen in grade 1 and
2 tumours;

* TNM stage (p <0.001) — 79.3% of high expression
cases were seen with stage III and IV, in contrast
to 100% of low expression cases that were seen in
TNM stage I and II;

* tumour size (T) (p < 0.001) — 78.3% of cases with
high expression were in T3 and T4 tumours, in
compassion to 80.8% of low expression cases seen
in T1 and T2 tumours;

* nodal metastasis (N) (p < 0.001) — as high expres-
sion was seen in 89.5% of cases with nodal metas-
tasis N1 and N2 where 80.0% of low expression
cases with no nodal metastasis;

* tumour types () = 0.03) — as 70.0% of cases with
high expression were seen in intermediate- and
high-grade mucoepidermoid carcinoma, in contrast
to 100% of low-expression cases seen in low-grade
mucoepidermoid carcinoma;
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Fig. 2. A) Photomicrograph of not otherwise specified ex PA showing chondroid tissue infiltration by undifferentiated
malignant cells (H&E, 200x); B) Previous case showing cytoplasmic reaction in the tumour cells (podoplanin 200x);
C) Photomicrograph of adenoid cystic carcinoma with tubular pattern (H&E, 200x); D) Previous case showing cytoplas-

mic reaction in the basaloid cells (podoplanin 200x)

® prognosis (p < 0.001) — as 92.9% of high-expres-
sion cases were seen in patients who developed
recurrence, in contrast (71.4%) to low-expression
cases showing stationary clinical course;

* mortality (p < 0.001) — as 77.8% of patients who
died before 36 months were high-expression cases,
while only 9.1% of patients survived and 90.9%
of low-expression cases survived, in contrast to
22.2% who died.

Podoplanin expression and survival

Clinically, the course of the disease was station-
ary in 71.4% of patients and showed recurrence in
28.6%. Moreover, 55.1% died before 36 months —
the period of follow-up, and 44.9% survived.

As shown in Tables III and IV, the overall survival
and progression-free survival,respectively, differed
significantly in cases with high and low expression
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(» < 0.001). Patients with low podoplanin expres-
sion demonstrated both overall survival and progres-
sion-free survival advantages contrasting with those
with high podoplanin expression (Figs. 4, 5).

Discussion

Cancer has become a heavy burden to health care
systems, and it is a leading cause of mortality world-
wide {14}. The cure rate of cancer is still relatively
low, although diagnostic methods, treatment proto-
cols, and supportive care have improved significant-
ly over the past few decades. This is mainly due to
the lack of screening strategies in the eatly stage and
the high recurrence rate of cancer. Targeted thera-
py, early detection, and early treatment are efficient
ways to prevent cancer recurrence. An increasing
number of genetic targets are being used to suppress
tumours. However, the sensitivity and specificity
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Fig. 3. A) Photomicrograph of ACC showing serous acinar cells with abundant finely vacuolated cytoplasm with ba-
sophilic granules (H&E, 400x); B) Previous case showing negative reaction (podoplanin 200x); C) Photomicrograph
of low-grade MEC showing numerous cystic spaces (H&E, 100x); D) Previous case showing low expression of podoplanin

(podoplanin 100x)

of most of the tumour markers remain controversial.
Therefore, it is necessary to discover new genetic tar-
gets to prevent tumourigenesis and the development
of cancer.

The unpredicted clinical behaviour and prognosis
of the malignant salivary gland tumours have raised
interest in its study {14}. Therefore, the present
study examined the lymphatic density in these tu-
mours for better understanding of the pathogenesis
and the clinical behaviour of these tumours.

Podoplanin, a sialomucin-like type 1 transmem-
brane glycoprotein has been found in a variety of not-
mal tissues, including glomerular podocytes, lym-
phatic endothelial cells, heart, type I alveolar cells,
and skeletal muscle [15-17}.

Many studies have proven that podoplanin plays
a crucial role in cell motility, organ development,
lymphangiogenesis, blood-lymph separation, plate-
let production, and immune response [18, 19}

However, its physiological functions are still largely
unknown. In pathology conditions, a growing body
of evidence indicates that it plays an important
role in tumourigenesis {20—231. There is evidence
that podoplanin correlates with tumour-associated
lymphangiogenesis and cancer-associated fibroblasts
[24, 251. High expression of podoplanin has been ob-
served in various kinds of tumour cells, such as oral
cancer, oesophageal cancer, lung cancer, cervical can-
cer, renal cancer, and cutaneous basal cell carcinoma
[26-28}. However, the role of podoplanin in tumour
cells remains controversial. In most kinds of cancers,
the podoplanin expression is associated with a higher
carcinoma cell migration, leading to cancer metastasis,
lower survival rates, and poor tumour stage {29-32}.
On the other hand, some studies suggest that podo-
planin expression is a protective factor in lung and lip
carcinoma {33—35}. Thus, it is an important subject
that needs to be further explored.
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Table II. Correlation between D2-40 (podoplanin) expression and patients’ characteristics

PATIENTS’ CHARACTERISTICS TotAL PoDoPLANIN (D2-40) EXPRESSION x?
Low HicH (P-VALUE)
Agelyears (%)
< 60 31 19 (61.3) 12 (38.7) 2.29(0.130)
> 60 18 7 (38.9) 11 (61.1)
Gender (%)
Male 31 18 (58.1) 13 (41.9) 0.848 (0.357)
Female 18 8 (44.4) 10 (55.6)
Site (%)
Parotid 34 19 (55.9) 15 (44.1) MC (0.132)
Submandibular gland 7 2 (28.6) 5(71.4)
Palate 5 (83.3) 1(16.7)
Tongue/sublingual 0 (0) 2 (100)
Grade (%) 13.25 (£0.001%)
Grade 1, 2 22 18 (81.8) 4(18.2)
Grade 3 27 8 (29.6) 19 (70.4)
TNM stage (%) 29.89 (£0.001%)
Iand II 20 20 (100) 0 (0)
III and IV 29 6(20.7) 23(79.3)
T (%) 17.07 (£0.001%)
T1 and T2 27 21 (80.8) 5(19.2)
T3 and T4 23 5 (21.7) 18 (78.3)
N (%) 22.54 (£ 0.001%)
NO 30 24 (80.0) 6 (20.0)
N1 and N2 19 2(10.5) 17 (89.5)
Tumour type (%) MC (0.003%)
Low-grade MEC 6 6 (100) 0 (0)
Intermediate- and high-grade MEC 20 6 (30.0) 14 (70.0)
Adenoid cystic carcinoma. 13 6 (46.2) 7 (53.8)
Acinic cell carcinoma. 5 5 (100) 0(0)
Carcinoma ex pleomorphic adenoma ) 3 (60.0) 2 (40.0)
Prognosis (%) 16.59 (£ 0.001%)
Stationary 35 25 (71.4) 10 (28.6)
Recurrent 14 1(7.1) 13 (92.9)
Mortality (%) 22.96 (< 0.001%)
Died 27 6(22.2) 21(77.8)
Survived 22 20 (90.9) 2.1

M — metastasis, MEC — mucoepidermoid carcinoma, MC — Monte Carlo test, N —

Y2 — chi-square test
*significant p < 0.05

In the present research, the overall expression level
of podoplanin in different types of SGCs tumour cells
was low in 53.1% of the cases (26 out of 49) and was
high in 46.9% (23 out of 49) of the cases.

Most high-grade tumours (grade 3 = 29.6%)
showed high expression of the protein, while most
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node, SD — standard deviation, T — tumour, TNM — tumour-node metastasis,

of the low-grade tumours (grade 1 and 2 = 81.1%)
showed low expression of the protein; this relation
was proven to be statistically significant (p <0.001).

There is also a significant statistical correlation
(» £0.001) between the TNM stage and podoplanin
expression, because the tumour cells of the advanced
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Table III. Kaplan-Meier overall survival

PoporLaNIN (D2-40)

OVERALL SURVIVAL

EXPRESSION MEDIAN SURVIVAL TIME STD. ERROR 95% CI LOG RANK TEST P-VALUE
Low expression 32.885 1.570 29.81-35.96 30.36 <0.001
High expression 16.348 2.159 12.11-20.57
Overall survival 25.122 1.764 21.66-28.57
CI — confidence interval
*log rank (Mantel-Cox) was used
Table IV. Kaplan-Meier progression-free survival
PopopLANIN (D2-40) PROGRESSION-FREE SURVIVAL
EXPRESSION MEDIAN SURVIVAL TIME  STD. ERROR 95% CI LOG RANK TEST  P-VALUE
Low expression 32.875 1.570 29.79-35.95 31.41 <0.001%*
High expression 14.957 2.249 10.54-19.36
Overall progression-free survival 24.463 1.855 20.82-28.09
CI — confidence interval
*log rank (Mantel-Cox) was used
1.0 H —|_I 1.0 _|_|
0.8 4 I_|_|_L‘ 0.8 I_J_|_L
T 06 T 06
7 I
3 E
E 04 E 04
@) O
0.2 1 0.2
0.0 9 Long rank test = 30.36, p < 0.001 0.0 1 Long rank test = 31.40, » < 0.001
T T T T T T T T T T
0.00 10.00 20.00 30.00 40.00 0.00 10.00 20.00 30.00 40.00

Overall survival (months)

-1 Low expression High expression

Fig. 4. Kaplan-Meier survival curves for patients with sali-
vary gland carcinomas stratified by podoplanin high or low
expression. Overall survival is significantly shorter in pa-
tients with high podoplanin expression compared to those
with low expression (p < 0.001)

cases (stages III and IV) showed high expression
of the protein in 79.3% of cases versus lower stage
cases (stages I and II), which showed lower expression
of the protein in 100% of the tumour cells. This high-
lights the role of podoplanin in facilitating the cancer
cells in progression and metastasis. This was proven
by the significant statistical correlation between
the nodal status of the studied cases and podoplanin
expression, because most of the nodal-positive cases
(89.5%) showed high expression of podoplanin in
their tumour cells, while most of the nodal-negative
cases (80%) showed low expression of the protein
in the tumour cells (p < 0.001). This significant cor-

Progression-free survival (months)

-1 Low expression High expression

Fig. 5. Kaplan-Meier survival curves for patients with sali-
vary gland carcinomas stratified by podoplanin high or low
expression. Progression-free survival is significantly shorter
in patients with high podoplanin expression compared to
those with low expression (¢ < 0.001)

relation between TNM stage and poor N stage with
podoplanin expression in tumour cells is in accor-
dance with the results of Wang ¢ #/. {36} in their
meta-analysis on the prognostic value of podoplanin
expression in various tumours. This observation
stressed the critical role of podoplanin in tumouri-
genesis by induction of lymphangiogenesis and lym-
phatic dissemination of the tumour cells. These data
suggest the potential use of podoplanin as a molecu-
lar marker for distant metastasis in SGCs.

Regarding the correlation between podoplanin
expression and histologic subtype of SGCs, this cor-
relation was statically significant (¢ = 0.003). Immu-
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nohistochemically, D2-40 showed negative reaction
in the acinar cells and positive cytoplasmic reaction
in the ductal epithelium of normal salivary gland
which was in partial accordance with Wu ez a/. {13},
who stated that podoplanin revealed a positive cyto-
plasmic and/or membrane reaction mainly in myo-
epithelial cells and different zones of the secretory
duct system. Schacht ez 2/. {37} stated that D2-40
is expressed in normal human tissue such as kidney
podocytes, skeletal muscle, placenta, lung and heart,
myoepithelial cell of the breast and salivary glands,
osteoblasts, and mesothelial cells.

Lower expression of the protein was noted in
all cases of low-grade mucoepidermoid carcinoma
(100%), and high expression was observed most
of the intermediate- and high-grade mucoepider-
moid carcinoma cases (70%).

In high-grade mucoepidermoid carcinoma, podo-
planin revealed a cytoplasmic reaction in the tumour
cells (epidermoid cells and intermediate cells). Also,
lymphatic endothelial cells and at the periphery
of the tumour nests showed a podoplanin reaction.
These findings were consistent with Gleber-Netto
et al. {38}, who reported cytoplasmic reaction in
the neoplastic cells and at the periphery of the tu-
mour nests of mucoepidermoid carcinoma cases. Also,
Americo et al. [39] stated that podoplanin was used
to stain the cytoplasm and cytoplasmatic membrane
of lymphatic endothelial cells in mucoepidermoid
carcinoma. Dezfuli ez 2/. {40} recorded a cytoplasmic
reaction in the tumour cells of mucoepidermoid car-
cinoma cases in their study.

Nearly half of the adenoid cystic carcinoma cases
(46.2%) showed lower protein expression, and
the other half of the cases (53.8%) showed higher
protein expression. This is contradictory to reh results
of Wu et «/. {13}, who stated that most of the stud-
ied cases of their research on adenoid cystic carci-
noma cases showed low expression of podoplanin.
This difference could be explained by the variation
in the sample size because our work included only 13
cases of adenoid cystic carcinoma versus 40 cases in
their study. All cases of acinic cell carcinoma (100%)
showed low podoplanin expression. Sixty per cent
of carcinoma ex pleomorphic adenoma cases showed
high protein expression.

Clinically, the course of the disease was station-
ary in 71.4% of patients and showed recurrence in
28.6%. Most of the recurrent cases (92.9%) showed
high expression of podoplanin, which was significant-
ly higher than the occurrence in the patients with sta-
tionary course.

The overall survival and progression-free survival
(respectively) differed significantly in cases with high
and low expression of podoplanin ( <0.001). Patients
with low expression demonstrated both overall sur-
vival and progression-free survival advantages, con-
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trasting with those with high expression of the pro-
tein. Most of the cases who died (77.8%) at the end
of the study showed high expression of podoplanin
in the tumour cells, while most of the surviving cases
(90.9%) showed low podoplanin expression in the tu-
mour cells. This is in accordance with Monteiro ez /.
and Bartuli ez 2/. {29, 30}, who concluded that podo-
planin-positive tumour cells were significantly asso-
ciated with poor overall survival in both oesophageal
carcinoma and oropharyngeal carcinoma. However,
there was no significant statistical correlation be-
tween its expression and overall survival in lung car-
cinoma and lip carcinoma {34-35}. This discrepan-
cy in data may be explained by the limited number
of eligible studies including survival data for better
comparison.

There was no significant difference between
the high and low podoplanin expression with respect
to age at diagnosis, gender, and tumour site. This is
matched with the results of Wang ez 2/. {36}].

However, further studies with larger sample sizes
are needed to validate our findings. Furthermore,
the detailed mechanisms underlying the relationship
between high podoplanin expression and distant me-
tastasis in SGCs warrant further investigation.

In summary, our results revealed the differen-
tial expression of podoplanin among different types
of SGCs. There was a significant statistical correla-
tion between podoplanin expression with important
prognostic parameters in SGCs, like tumour grade,
TNM stage, nodal status, histologic type, recurrence,
disease-free survival, and progression-free survival.
Further study is needed to elucidate the key role
of podoplanin in tumourigenesis and the biological
behaviours of the different subtypes of SGCs.

Conclusions

In conclusion, our study suggests that the over-ex-
pression of podoplanin might be a significant prog-
nostic indicator for patients with salivary gland can-
cer, implying that it is a potential therapeutic target
to improve survival in these cancer patients. How-
ever, more multi-centre clinical investigations with
larger sample sizes should be conducted to confirm
these findings.
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