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Peri-tumoral Lymphovascular Density by Antipodoplanin Antibody 

D2-40, as a Predictor of Nodal Metastasis in Oral Squamous Cell 

Carcinoma 
 
ABSTRACT 
BACKGROUND:  
Involvement of regional lymph nodes by cancer is a major 
determinant of prognosis in oral squamous cell carcinoma (OSCC) 
and is a significant predictor of patient survival. Peri-tumoral 
lymphangiogenesis is being studied as an important tool in 
predicting neck lymph node metastasis. Podoplanin, a 
transmembrane glycoprotein is expressed on lymphatic vessel 
endothelium and considered as a marker of lymphangiogenesis.  
High podoplanin expression has been associated with invasion, 
progression and metastasis of oral cancer. D2-40, an anti-
podoplanin monoclonal antibody, is specific marker of lymphatic 
endothelial cells. The present study was designed to investigate 
the peritumoral lymphovascular density (PT-LVD) by evaluating 
D2-40 expression and its potential utility in predicting lymph node 
metastasis in OSCC.  
METHODS: Seventy two patients with OSCC were enrolled (36 with 
early and 36 with advanced stage tumors). Differential expression 
of peritumoral lymphovascular density (PT-LVD) was evaluated 
using D2-40 expression by immunohistochemistry (IHC). 
Expression was categorized as low and high, derived from mean of 
number of vessels per 10 high power fields in hot-spots. Statistical 
methods were employed to correlate expression with age, gender, 
tumor site, stage and neck lymph node involvement.   
RESULTS: We observed a significant association between 
peritumoral lymphovascular density (PT-LVD) with clinical neck 
lymph node status (p=0.001) and tumor stage (p=0.033).  There 
was no significant correlation of D2-40 expression with age, 
gender, tumor site, T stage and tumor differentiation.  
CONCLUSION:  PT-LVD is a positive predictor of neck lymph node 
metastasis. It has translational potential, along with other clinical 
parameters for decision making in treatment of neck in oral 
cancer.  
 
Keywords: Oral carcinoma, podoplanin, D2-40, lymphovascular 
density, oral squamous cell carcinoma, neck metastasis 

 

INTRODUCTION 
Head and neck squamous cell carcinoma (HNSCC) is 
a major public health problem in India. In contrast 
to the Western population, where this malignancy 
is the 6th most common cancer, in India, HNSCC 
represents the most frequent cancer in males.[1] 
Oral squamous cell carcinoma (OSCC), the most 
common subtype of HNSCC, constitutes 40-70% of 
all diagnosed HNSCC cases.[2] Cigarette smoking 
and smokeless form of tobacco consumption is the 
predominant cause of these cancers.[3]  

Involvement of regional lymph nodes by cancer is a 
major determinant of the prognosis of OSCC and is 
a significant predictor of survival. The presence of 
lymph node metastases (N+) is associated with 50% 
reduction of the 5-year survival rate, irrespective of 
the treatment modality employed.[4,5] Clinically, 
lymph nodes are assessed by physical examination, 
CT Scan, utrasonography and magnetic resonance 
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imaging, which have variable sensitivity and 
specificity.[6] While these modalities are successful 
in detecting an obvious metastasis, occult 
metastatic spread may often be missed. Accurate 
assessment of lymph node metastasis is important 
for deciding the treatment modality. Presence of 
metastasis warrants neck dissection which is 
associated with high morbidity. Advanced oral 
primary malignancies (T3, T4) with clinically 
uninvolved cervical lymph nodes (cN0) are 
indications for elective neck dissection, due to high 
incidence of occult metastasis in these cases. 
Studies have shown that the incidence of occult 
neck metastases in patients with stage I/II disease 
may be as high as 42 %.[7]  
 
Typically, T1 and T2 lesions are associated with a risk 
of regional metastasis of 10% to 30% respectively. 
Elective neck dissection in these patients may result 
in overtreatment of approximately two thirds of 
patients who do not have neck metastasis but had 
to undergo an unnecessary surgery associated with 
increased morbidity. On the other hand, deciding 
against neck dissection may miss occult metastasis 
in a large subset of patients who are undertreated, 
leading to a poor overall survival rates.[7,8]  
 
Currently, there is no reliable method to 
preoperatively predict the lymph node metastasis, 
so that patients who are at higher risk of neck node 
metastasis could be selected and treated by neck 
dissection, while sparing the patient with low risk 
from undergoing an unnecessary highly invasive 
surgical procedure.   
Head neck cancers are known to augment local 
lymphangiogenesis, which is associated with 
increased lymphatic spread and cervical lymph node 
metastasis.[9] Tumor-induced lymphangiogenesis is 
mediated by lymphangiogenic growth factors such 
as vascular endothelial growth factor C (VEGF-C), 
which are produced and secreted by the tumor 
themselves, stromal cells, tumor-infiltrating 
macrophages, or activated platelets.[10–12] These 
factors induce lymphangiogenesis via enhancing 
expression of podoplanin within the tumor, in its 
surroundings and tumor-draining lymph node prior 
to metastatic tumor dissemination. The expression 
levels of podoplanin are further elevated upon 
seeding of the metastatic cells and associated with 
inreased intra-tumoral lymphnagiogenesis (ITL) 
within the tumor mass and peri-tumoral 
lympangiogenesis (PTL) in the tumor periphery. 
While PTL is the main conduit of metastasis[13], 

intratumor lymphatics are mostly deformed and are 
believed to be not involved in the spread of cancer 
cells.[14,15] Enlarged lymphatic vessels that drain 
the tumor enhance the delivery of tumor cells to the 
lymph node most likely via enhanced lymphatic flow 
rates and facilitation of metastatic tumor cell cluster 
dissemination.[16–18] 
 
Podoplanin is a 38-kd mucin type transmembrane 
glycoprotein that is specifically expressed in 
lymphatic endothelium. Podoplanin expression 
correlates with lymph node metastasis in squamous 
cell carcinoma of the oral cavity and D2-40 antibody 
is a marker for M2A antigen of podoplanin.[19] D2-
40 is a very reliable marker of podoplanin and has 
high reproducibility for tumor lymphangiogenesis 
and lymphatic vessel invasion in human cancers. D2-
40 shows specific staining reaction to lymphatic 
endothelial cells (LEC), but not to the adjacent blood 
vessel capillaries and hence, can be used to measure 
lymphovascular density [LVD].[20] D2-40, being a 
specific marker of LECs, can be used as a predictor 
of tumor progression by lymphatic metastasis and 
may be a potentisl therapeutic target for OSCC. 
Several groups have studied the intratumoral (IT-
LVD) and peritumoral lymphatic density (PT-LVD) in 
oral and other head neck cancers. While it was 
reported that D2-40 is a highly specific marker for 
LECs.[21,22], there are still conflicting reports on its 
association with PT-LVD, lymph node metastasis, 
overall survival, T staging and tumor differentiation. 
The current study was aimed to evaluate the extend 
of PT-LVD in oral SCC by assessing D2-40 expression. 
This study evaluates the predictive value of PT-LVD 
in real life scenario, in which decision for neck 
treatment is made pre-operatively based on tumor 
characteristics and imaging.  
 
MATERIAL AND METHODS 
This is an analytical, cross-sectional study which was 
conducted in the Department of 
Otorhinolaryngology, Department of Pathology at 
University College of Medical Sciences & GTB 
Hospital and Delhi State Cancer Institute, Delhi 
between November 2015 and April 2017. The study 
was approved by institutional ethics committee.  
Seventy two patients with squamous cell carcinoma 
of oral cavity with or without regional cervical 
lymphadenopathy were included in the study. 
Thirty six patients recruited had T1 and T2 tumors 
(early disease), while the remaining 36 patients 
were diagnosed with T3 and T4 malignancies (locally 
advanced disease). 
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Exclusion criteria: Patients who had received any 
form of previous treatment such as surgery, 
radiation and chemotherapy, pregnant patients, 
poor general condition and were unfit for surgery or 
refused consent were excluded from the study. 
 
Detailed clinical history, head & neck and systemic 
examinations were performed. Contrast enhanced 
CT scan of the primary and neck for tumor mapping 
and evaluation of metastatic lymph nodes was done 
and TNM staging was assigned as per AJCC 7th 
edition. Patients were categorized as N+ if there was 
evidence of neck nodal metastasis on physical 
examination or CT scan. Incisional biopsy from the 
primary lesion including advancing radial margin 
with least 1mm of the apparently normal tissue was 
taken.  
 
Histopathology reports were noted.  
Immunohistochemistry (IHC) was performed for D2-
40 by following technique: 
Four micron thick sections were obtained on poly-L-
Lysine coated slides. Sections were de waxed in 
xylene and rehydrated through graded 
concentration of alcohol. Antigen retrieval was 
performed by heating in citrate buffer (pH 6.0) in a 
microwave oven for 30 minutes. Endogenous 
peroxidase activity was blocked with 3% H2O2 

solution in methanol for 30 minutes, after washing 
with TRIS buffer solution for 5 min. The primary 
antibody was applied in a humid chamber at room 
temperature for 60 minutes and sections washed 
with TRIS buffer. Secondary & tertiary antibodies 
was applied successively for 30 minutes each and 
washed with TRIS buffer in between. DAB 
(Diaminobenzidinetetrahydrochloride) was used as 
a chromogen. All sections were counterstained with 
haematoxylin. 
 
All IHC slides were interpreted by a single 
pathologist (NW) and lympho-vascular density in 
the peritumoral region was calculated (PT-LVD).  
Quantitative analysis of the peritumoral lymphatic 
vessel density was performed in sections that 
stained for D2-40. The entire tissue section was 
screened at low (10X) and mid (20X) magnification 
for identifying hot spots. The lymphatics were 
identified as thinned wall vessels lined by flattened 
endothelial cells. The antibody staining was specific 
as blood capillaries which look similar to lymphatics 
were DAB negative. Lymphatic density was defined 
as the mean of number of lymphatic vessels 

counted in 10 high power optical fields at 200 X. The 
range of LVD (lymphovascular density) noted was 0 
to 11. Cases with LVD less than 2 were considered 
low LVD and if more than or equal to two then it was 
considered high LVD.    
 
Statistical Analysis: Chi-square test was used to 
assess the correlation between D2-40 expression 
with tumor stage and nodal metastasis. Unpaired 
student t-test was used to assess the difference 
between PT-LVD. Data was analyzed by SPSS 
software version 20. p value of less than 0.05 was 
considered significant.  
 
Results:  
Association between clinical lymph node and PT-
LVD 
A total of 72 patients with oral squamous cell 
carcinoma were included in the present study. 
Tumor subsite breakup is summarized in Table 1. 
Buccal mucosa was the most frequent histological 
subsite of cancer in our patients’ cohort, followed 
by tongue. While no statistically significant 
association was observed between tumor 
differentiation and PT-LVD (p=0.177) (Table 2), 33 of 
the 72 cases analyzed displayed clinically positive 
lymph node, resulting in statistically significant 
association between PT-LVD and clinical lymph 
node metastasis in oral carcinoma (Table 3). 
 
Clinical stage and PT-LVD  
Table 4 shows that clinical stage (TNM) of oral SCCs 
was significantly associated with (PT-LVD) 
(p=0.033). 
 
Association between primary tumor and 
peritumoral lymphatic vascular density  
There were 36 patients in the each group of early 
primary (T1&T2) and locally advanced primary 
tumor (T3&T4). There was no significant 
association between group I (T1&T2) & group II 
(T3&T4) with peritumoral lymphovascular density 
(Table 5), as well as with the histological subsite of 
primary tumor (Table 6). Furthermore, there was 
no significant difference in PT-LVD associated with 
either with age and gender. 

 
DISCUSSION 
Lymph node metastasis is one of the most 
important prognostic factors for HNSCC.[23,24] It is 
still unclear whether lymphatic dissemination of 
tumor cells is through newly formed lymphatic 
vessels by lymphangiogenesis or through pre-
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existing lymphatics. While it has been found that 
patients with HNSCC have a high number of 
lymphatic vessels, observed both within the tumor 
and in peritumoral region.[25], it is still a 
controversy whether the major contributors for 
nodal metastasis are intratumoral or peritumoral 
lymphatic vessels. Franchi et al. have suggested that 
both are likely to have a role in dissemination.[25] 
In their study, the authors have reported a 
correlation between PT-LVD and lymph node 
involvement. In contrast, a study conducted by 
Kyzas et al shows a correlation between lymph node 
involvement and IT- LVD. It was observed that 
intratumoral lymphatics are comprised of 
disorganized lymphatic vessels which seriously limit 
their usefulness for an effective conduit for 
metastasis, compared with the fully functional 
peritumoral lymphatic vessels.[26] Therefore we 
planned to study the peritumoral lymphatic vessel 
density, using D2-40 in patients with OSCC. In this 
study we report a significant association between 
peritumoral LVD with lymph node involvement and 
clinical stage in patients with oral cancer.  
 
Of the 72 OSCC patients analyzed, most were in 4th 
decade at the time of diagnosis. The youngest 
patient was 22 years old while oldest was 72 years 
of age. Male to female ratio was 9:1. The most 
common site for oral SCC  was buccal mucosa 
(58.3%). The most common symptom was non-
healing ulcer (80%).These finding are consistent 
with other studies.[27,28] 
33 of 72 patients (45%) were clinically node positive, 
which is consistent other Indian studies (Kyzas et al 
and Watanabe et al report 26% and 40% lymph 
node positive cased respectively) where patients 
usually present at an more advanced stage due to 
lack of awareness and healthcare facilities. 
 
Ping Yuan et al reported that high podoplanin 
expression was associated with higher pathologic 
stage (P <0.007) and patients whose tumors 
expressed high levels of podoplanin had a 
statistically significant higher rate of lymph node 
metastasis (P <.0001),  but no association with 
clinical T stage was found.[29]  In our cohort of OSCC 
tumors from different histological subsites (lip, 
buccal mucosa, tongue, and hard palate), 16 cases 
(22.2%) did not stain with D2-40, 30 cases (41.6%) 
had low lymphovascular density and 42 cases 
(58.3%) expressed high lymphovascular density. 
While there was no significant association of PT-LVD 
and primary tumor size (T), a significant association 

was observed between PT-LVD with lymph node 
metastasis (p=0.001) and overall clinical stage 
(p=0.033). In concordance with Yuan et al [29], our 
study reveals a significant association between 
clinical lymph node involvement and PT-LVD. 
 
Kyzas et al evaluated whether IT and PT-LVD 
correlate with presence of lymph node metastasis 
at the time of diagnosis and with other 
clinicopathological parameters, including overall 
survival. They found that high IT-LVD & PT-LVD were 
both significantly associated with the presence of 
lymph node metastasis at the time of diagnosis.[26] 
Their results are similar to our study as there was a 
significant association between clinically positive 
lymph node and PT-LVD. We did not study IT-LVD as 
this was not the aim of our study. 
 
Franchi et al, [9] quantified lymphangiogenesis 
within the tumor and peritumoral area in 52 HNSCC 
specimens, D2-40-positive lymphatic vessels were 
detected in all cases. They observed that high 
peritumoral lymphangiogenesis was associated 
with an increased risk of developing lymph node 
metastasis. Tumors with a more advanced TNM 
stage (Stages III and IV) demonstrated a significantly 
higher lymphatic vascular area. Furthermore, 
lymphatic vessels were found to be significantly 
more numerous and larger in the peritumoral area 
compared to the intratumoral region. No significant 
correlation was found between the 
lymphangiogenesis parameters determined within 
and around the carcinomas with age, gender, tumor 
site and histologic differentiation.  
 
Similar results have been reported by Filho et al.[20] 
In the current study, we observed significant 
association between PT-LVD with clinical stage and 
lymph node metastasis. No correlation was 
observed with age, gender, clinical T stage, 
histological grade, and tumor site. Kreppel et al [30] 
reported a significantly lower 5 year overall survival 
in OSCC patients having high expression of 
podoplanin, as compared to those having a 
moderate or low expression (p<0.001). Cervical 
lymph node metastasis was detected in 79% of the 
patients having high podoplanin expression, while 
only 22% of the patients with weak expression had 
metastasis (p<0.001). In addition, podoplanin 
expression was significantly related to higher overall 
tumor stage. These results are similar to findings 
reported our study in terms of neck node metastasis 
and stage of tumor. We measured the podoplanin 
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expression by D2-40 expression in peritumoral 
lymphatics, which probably is a more direct 
predictive evidence of lymphatic spread of cancer. 
Another difference in methodology is that Kreppel 
at al focused on the podoplanin expression on the 
primary tumor cells, which we believe is the indirect 
prognostic marker of lymph node metastasis.  
 
Results of the current study coupled with review of 
the published literature suggest that there is a 
definite role of peritumoral lymphangiogenesis in 
the lymphatic spread of oral cancer. In the current 
study there was a significant association between 
PT-LVD and lymph node metastasis (p=0.001). 
These cumulative data may be potentially 
implemented in clinical application, when deciding 
elective neck dissection in node negative T1/T2 
patients undergoing a surgical tumor resection.  
Currently, a decision to perform elective neck 
dissection in N0 patients is made on the primary 
tumor characteristics (site, size and depth of 
invasion) and neck imaging. High PT-LVD 
determined by D2-40 expression can assist in 
selecting patients with higher risk of occult 
metastasis.  
 
PT-LVD assessed pre operatively along with primary 
tumor characteristics and imaging can be a more 
precise occult metastasis predictor. Several other 
markers that can predict lymphatic metastasis has 
been proposed. Epithelial mesenchymal transition 
(EMT), which is one of the common pathways for 
tumor invasion and metastasis, has been studied 
extensively. EMT markers SNAIL and SLUG have 
been shown to be associated with lymphatic 
metastasis. We believe that a combination of 
several predictor markers for neck metastasis 
applied simultaneously can have better predictive 
values for neck metastasis.     
 
 
Conclusion: To conclude, Metastasis is a complex 
interplay of pathways which is yet incompletely 
understood. High PT-LVD is one such factor favoring 
metastasis.  This study shows that high PT-LVD was 
significantly associated with lymph node metastasis 
and overall higher clinical stage. Addition of PT-LVD 
to currently used clinical tools and imaging may 
improve the prediction of lymph node metastasis in 
N0 neck, and hence lead to better selection of 
patients for elective neck dissection in T1/T2 oral 
cancer.  This therefore has the potential to modify 
neck treatment in oral cancer in future. Further 

prospective studies on larger sample size and 
correlation with overall survival would validate 
these findings further. 
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Tables  

Table 1: Site distribution of Oral SCC at presentation (n=72) 

Site of oral cancer Percentage of patients 

Tongue 33.3 

Buccal mucosa 58.3 

Lip 4.1 

Maxillary alveolus and hard palate 4.1 

 
Table 2: Association between degree of tumor differentiation and peritumoral lymphatic density 

Degree of differentiation No. of patients High  PT-LVD Low PT-LVD P value 

Well diff. 23 13 10 

0.177 Mod. Diff. 48 28 20 

Poorly diff. 1 1 0 

 
 
Table 3: Association of clinical neck node status and PT-LVD  
 

Clinical lymph node 
status 

No. of patients High  PT-LVD Low  PT-LVD P value 

N+ 33 28 05 
0.001 

N- 39 14 25 

 
 
Table 4: Association of clinical stage and PT-LVD 
 
 
 
 
 
 
 
 
 
 
 
Table 5: Association of primary tumor and PT-LVD 

Group No.of patients High PT-LVD Low  PT-LVD P value (chi-
square test) 

I (T1&T2) 36 25 11 
0.538 

II (T3&T4) 36 17 19 

 
 
 
 

Stage No.of patients High  PT-LVD Low  PT-LVD P value 

I 10 8 2 

0.033 
II 15 11 4 

III 24 15 9 

IV 23 8 15 
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Table 6: Association of primary tumor site and PT-LVD 
 

Site No. of patients High PT-LVD Low PT-LVD P value 

Tongue  24 17 7 

0.373 
Buccal mucosa 42 21 21 

Lip 3 2 1 

Palate 3 2 1 
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Figure legends:  
 
Fig. 1 IHC, D2-40 (x200) shows peritumoral lymphatic vessels (thin arrow) stained specifically with D2-40 
and negatively stained blood vessels (thick arrow)  

 
 
 
 
 
  

IHC, D2-40 (x200) shows peritumoral lymphatic vessels (thin arrow) 

stained specifically with D2-40 and negatively stained blood vessels 
(thick arrow)
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Fig. 2 IHC, D2-40 (x100) high peritumoral lymphovascular density shows  staining positively for D2-40 in 
squamous cell carcinoma buccal mucosa. High power view of the same shown in the inset (x200) 

 
  

IHC, D2-40 (x100) high peritumoral lymphovascular density shows  

staining positively for D2-40 in squamous cell carcinoma buccal
mucosa. High power view of the same shown in the inset (x200)
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Fig. 3 IHC, D2-40 (x100) shows high peritumoral lymphatic density in squamous cell carcinoma buccal 
mucosa. Inset high power view of same (x200) show lymphatic vessels stained positivity for D2-40  

 
 
 

IHC, D2-40 (x100) shows high peritumoral lymphatic density in 

squamous cell carcinoma buccal mucosa. Inset high power view of 
same (x200) show lymphatic vessels stained positivity for D2-40
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