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Introduction: Nomograms are proven in “individualized risk prediction” in sarcomas and breast and prostate cancers. Incorporating 
immunohistochemical markers and histopathological parameters can enhance accuracy of these graphical representations of statistical 
predictive models concerning metastasis. D2-40, a monoclonal antibody to podoplanin (regulator of motility expressed in malignant 
epithelial cells), dually predicts metastatic potential of tumour by estimating the motile tumour phenotype and by detecting lymphatic 
vessels/density, both essential to metastasis in OSCC. Thus, we propose a model that incorporates D2-40 immunostaining of individual 
tumour cells (ITC) too with other variables (seen in H+E staining) as a predictive nomogram.
Methods: Sixty cases of OSCC were selected with equal number of cases (n=30) of pN0 and pN+ status. Bryne’s grading of invasive 
front of tumour (ITF) was done on H+E-stained slides followed by D2-40 immunostaining for ITCs at ITF and lymphatic vessels. 
Multivariate regression analysis was used to generate the nomogram of LNM where the predictive contribution of each covariate, 
namely depth of invasion, D2-40-stained ITCs, gender, histological grade, and worst pattern of invasion (WPOI), was plotted on 
a scale of 1–100 points.
Results: The nomogram showed that the strongest variable in OSCC was the WPOI in H+E-stained section followed by D2-40- 
positive ITCs and gender.
Discussion: Our predictive nomogram for LNM in OSCC surprisingly showed that a tumour with lower score of WPOI (islands vs 
ITC) showed numerous D2-40-positive ITCs, drastically increasing the probability of metastasis. The concept of “individualized risk 
prediction” can be used to predict lymph node metastasis using a variety of histopathological criteria that can be visualized in routine 
and immunohistochemical staining in OSCC with the aid of a nomogram.
Keywords: nomogram, individualized risk prediction, D2-40, lymph node metastasis in OSCC, podoplanin

Introduction
Metastasis/micrometastasis to the cervical lymph nodes is known to be the single most adverse prognosticator in oral squamous 
cell carcinoma.1 Various efforts have been directed towards establishing reproducibility and uniformity in assessment of 
parameters governing lymph node metastasis in different tumours at a clinical, radiologic, and microscopic level.2

Numerous statistical and mathematical models have been put forth in assessment of factors influencing prognosis in 
a host of tumours. One such tool is the nomogram, which is a user-friendly graphical representation of a statistical 
predictive model that generates a numerical probability of a clinical event. A nomogram can take into account several 
variables to predict an outcome of interest for an individual patient.3

This statistical method gives objectivity to evaluation of risk factors. Additionally, a combination of histopathological 
parameters and immunohistochemical staining might enhance accuracy of predictive models concerning lymph node 
metastasis in OSCC.
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Dysregulation of cellular motility forms the core of the process of metastasis. Podoplanin is a molecule that regulates 
epithelial cell motility, while D2-40, a monoclonal antibody to podoplanin, is a 40 kDa surface sialo-glycoprotein 
expressed in malignant epithelial cells which modulates the actin filaments in the cytoplasm leading to formation of 
filopodia.4 Podoplanin is found on the leading edge of tumour cells and is thought to influence their migratory and 
invasive properties by regulating the cell shape and control of the intercellular adhesion as well as motility by influencing 
the polarity complexes and supporting platelet aggregation.5,6 Thus, D2-40 has found application in independently 
estimating the motility index of a tumour, with higher motility resulting in increased chances of metastases to lymph 
nodes and other organs.

The cytoskeleton of an epithelial cell, made up of the actin cytoskeleton, the microtubule network, and the 
intermediate filaments, provides structural framework and mechanical strength to maintain cell shape. A continuous 
reorganization of the actin is a pre-requisite for the morphology, migration, and invasion of cancer cells.7 The axis or 
polarization of an epithelial cell is determined by the spatial arrangement of molecules, receptors, and skeletal elements 
such as microtubules and actin filaments within the cell. The most influential polarity proteins, Par, are associated with 
Rho-GTPases (Rho → Ras associated homologous proteins), that regulate the functioning of microtubules and actin, and 
are important regulators in cell processes such as cell adhesion, migration, polarity, and membrane trafficking. 
Podoplanin aids RhoA (a Rho-GTPase which is an important regulator of stress fibre formation), which stimulates the 
up-regulation of proteins involved in epithelial–mesenchymal transition (EMT) as well as transcriptional repressors such 
as snail, involved in the down-regulation of epithelial proteins such as E-cadherin.

In human epithelial cells, podoplanin expression correlates with the redistribution of ezrin to membrane projections 
and the formation of actin-rich filopodia.5 The ERM (ezrin, radixin, moesin) proteins provide an essential, regulated link 
between integral membrane proteins and the actin cytoskeleton and are involved in co-ordinating cell shape, motility, and 
adhesion. Additionally, enhanced RhoA activity regulates ROCK (Rho-associated protein kinase) to sustain ERM protein 
phosphorylation and stabilization in an active conformation, strengthening their relationship with podoplanin. Ezrin, once 
recruited to the actin cytoskeleton, induces the formation of surface protrusions/filopodia.

D2-40 plays a dual role in predicting the metastatic potential of a tumour. It also detects lymphatic vessels by 
recognizing podoplanin, which is a small transmembrane mucin-like protein present on all lymphatic vessels.8 

Consequently, lymphatic vessel density and cellular motility have been established to be vital to the process of metastasis 
in OSCC.

Thus, based on the established physiological role of the podoplanin molecule in cellular motility, we suggest a model 
that incorporates D2-40 immunohistochemical staining, along with other variables that are routinely analysed in H 
+E staining, as a predictive nomogram for lymph node metastasis and thus prognosis in OSCC.

Materials and Methods
The study was conducted after approval from the Institutional Ethics Committee, Manipal College of Dental Sciences, 
Mangalore, Manipal Academy of Higher Education (Ref no. 14134), and each patient in the study has signed a consent 
for investigations sequential to planned biopsy/surgery. Institutional and Department permissions were taken before 
retrieving slides/sections for the study.

Study Samples
Formalin-fixed, paraffin-embedded tissue sections of 60 cases of oral squamous cell carcinoma (lymph node histopathol-
ogy data available) were retrieved from the departmental archives, and lymph node status was confirmed histologically 
using H+E-stained sections. Equal numbers of cases (n=30) each of pN0 and pN+ status were selected for immunohis-
tochemical staining with D2-40. The histological grading was done at the invasive tumour front using Bryne’s grading 
criteria (from 1992) on the H+E-stained slides (Figure 1), and the corresponding section was subjected to immunohis-
tochemical staining. The individual tumour cells (ITC) were considered as a separate criterion, and scores were 
designated as 0=Absent; 1=Present (ITC being dissociated cells either in groups of cells (n<15) or as single cells 
according to the pattern of invasion defined according to Bryne’s grading system, from 1992).
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IHC Staining Methodology and Analysis
The evaluation of immunohistochemical staining of D2-40-stained lymphatic vessels (Figure 2) and cellular (cytoplas-
mic) staining of cells at the invasive front of tumour (Figure 3) was done. The expression was evaluated, and the 

Figure 1 ITCs at advancing front of tumour in poorly differentiated OSCC of tongue; pN1 status (H+E stain; ×100).

Figure 2 Strong IHC expression of D2-40 in lymphatic vessels (arrows).

Figure 3 D2-40 staining (limited to basal layer) in moderately differentiated OSCC with pN1mi+ status (×400).
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predominant pattern of staining of the tumour was assigned a score using a slight modification of the Funayama et al 
method, which is described below.9

● Score of 0 assigned for no staining
● Score of 1 assigned for positive reaction in the cell border restricted to only the 1st basal layer or cell layer 

immediately adjacent to the basement membrane
● Score of 2 assigned for positive staining in the basal and few supra-basal layers, but not complete staining of the 

tumour
● Score of 3 assigned for complete tumour staining

The lymphatic vessels were counted in 5 HPF (×10), and the average number of lymphatic vessels was calculated. 
The depth of the tumour was assessed using a calibrated reticule in low power magnification (4×) as the distance from the 
surface of the tumour to the farthest tumour satellite seen.

The nomogram was formulated with all parameters correlating with the pathological status of lymph nodes.

Results
A lymph node metastasis nomogram (Figure 4) was created using multivariate regression analysis using R software. It 
puts the predictive contribution of each covariate on a scale of points from 1 to 100. We utilized all the parameters that 
were analysed for correlating tumour behaviour and lymph node metastasis (Table 1).

The generated nomogram showed the worst pattern of invasion in H+E being the strongest variable (WPOI → 
worst pattern of invasion is a parameter in Bryne’s grading system which categorizes the dissociating cells as islands 
(well delineated infiltrating borders)) followed by infiltrating solid cords, small groups/cords of infiltrating cells 
(n>15) and individual tumour cells. Cellular dissociation in small groups of cells (n<15) was assigned 100 points, 
followed by ITC stained by D2-40 (60 points) and gender (42 points). The depth of invasion (DOI) and average 
number of lymphatic vessels received almost equal scores. The remaining variables (continuous and categorical) 
were assigned a smaller range of score proportional to their effect size. The total point axis represents the maximum 
potential score and is seen to be associated with a prediction of probability of lymph node metastasis. The total 
points accumulated by the co-variants relate to the predicted probability of an outcome of interest for the individual 
patient (Figure 4).

Figure 4 Nomogram to predict probability of lymph node metastasis in oral squamous cell carcinoma patients. Parameters significantly predicting metastasis as per general 
linear model multivariate regression analysis (P≤0.05) are plotted on a scale of 1–100.
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Discussion
A nomogram is a clinical prediction model that is becoming a popular decision aid in predicting cancer risk, prevention, 
and treatment outcomes.10 Though the utility of nomograms in individualized risk calculation is well recognized in 
a variety of cancers, such as sarcomas and breast and prostate cancer, not much data for equivalent studies for head and 
neck tumours (particularly oral cancer) is available in the literature.11 Wang et al studied OSCC cases and 
Balasubramanian et al studied oral tongue cancer cases and reported that nomograms generated based on the data 
from the patients can be implemented as successful models in prediction of overall (OS), disease-specific (DSS), loco- 
regional recurrence-free (LRRFS), and distant recurrence-free survivals (DRFS).12,13 In a study conducted on buccal 
mucosa cancer patients, Wang et al effectively created a nomogram to stratify patients by risk patients, thus laying 
emphasis on better individual treatment planning and prognosis assessment.14 Mattavelli et al studied the prognostic 
implication of pre-operative neutrophil to lymphocyte ratio (NLR) and the effect of different clinico-pathologic factors in 
a series of primary oral squamous cell carcinomas (OSCC). After developing prognostic nomograms, they found that 
very low preoperative NLR values had a negative prognostic impact on survival and recurrence. Extra-nodal spread and 
perineural extension were the most significant clinico-pathologic prognosticators.15

It is well accepted that tumour biology and microenvironment contribute to the disease outcome. Comprehending 
cancer cell locomotion in OSCC is facilitated by assessment of the pattern of invasion in routine microscopy for grading 
of these tumours. This prognostic factor, however, lacks objectivity and has moderate reproducibility in oral cancer due 
to subjective variations.16 The lymph node metastasis status has a direct role in the selection of a therapeutic approach 
which determines the outcome of the disease.2 We propose that a model like our nomogram corroborated with D2-40 
expression will objectively aid in predicting lymph node metastasis. In a study conducted by Parvez et al they laid 
emphasis on identifying and monitoring lymphovascular density in the peritumoral region to predict the likelihood of 
metastasis in advanced oral squamous cell carcinoma.17 However, there is another aspect of D2-40 (podoplanin) 
expression that warrants attention, namely the correlation between tumour expression and increased metastatic potential. 
By delving deeper into this correlation, this article provides a better understanding of the mechanisms behind 

Table 1 Univariate and Multivariate Binary Logistic Regression Analysis to Predict Lymph Node 
Metastasis

N0 N1 OR (95% CI)

WPOI (worst pattern of invasion) H+E

Sheets 19 (63.3) 4 (13.3) Ref (1)

Nests 6 (20.0) 8 (26.7) 6.33 (1.398, 28.697)

Individual cells 5 (16.7) 18 (60.0) 17.100 (3.954, 73.951)

ITC (individual tumour cells) D2-40

Absent 26 (86.7) 13 (43.3) Ref (1)

Present 4 (13.3) 17 (56.7) 6.909 (2.160, 22.098)

Multivariate analysis of WPOI and ITCs with D2-40

WPOI N/A N/A Ref (1)

WPOI (nests) N/A N/A 2.789 (0.481, 16.175)

WPOI (ind. Cells) N/A N/A 10.537 (2.259, 49.148)

ITCs with D2-40 (present) N/A N/A 4.062 (0.975, 16.919)

Constant N/A N/A 0.177

Abbreviations: WPOI, worst pattern of invasion; ITC, individual tumour cells; OR, odds ratio; CI, confidence interval.
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tumour metastasis and potentially identifying new targets for therapeutic intervention, ultimately to achieve the goal of 
improving patient outcomes and reducing the morbidity associated with this aggressive disease.

With this data, we introduce the concept of utilizing “individualized risk prediction” for predicting lymph node 
metastasis using a host of histopathological parameters that can be visualized in routine and immunohistochemical 
staining in OSCC. Previously authors have reported the utility of nomograms as an initial method of risk assessment. 
A combination of various patient factors, such as age, sex, and race, and tumour characteristics, such as anatomic subsite, 
clinical tumour size, and the presence of clinical and/or radiological nodal metastases, has been used to formulate 
nomograms to study/predict prognostic behaviour of tumours.11,18 This has been rendered equivalent to the gold standard 
TNM staging for survival. However, not many of these nomogram models are aimed towards prediction of lymph node 
metastasis from among other equally significant histopathological parameters.

Current opinion amongst oncologists seems to suggest that histopathological diagnosis may not be the most reliable 
or accurate predictor of prognosis. The lack of objectivity coupled with lack of sensitive markers hitherto preclude 
a direct correlation of the patient’s clinical scenario to the histopathological parameters visible on a microscopic glass 
slide. Sawant et al had employed immunohistochemical markers of cell adhesion in cases of oral cancer to propose that 
a nomogram constructed on post-surgical OSCC tumour samples would be of value in addition to histopathology for 
the detection of neck node metastasis in pathologically node-negative patients.2 Podoplanin assessment can be utilized 
in understanding behaviour of patterns of invasion. Yuan et al found high podoplanin expression in 20 (57%) of the 35 
oral and hypopharyngeal SCC, and it was more prevalent in tumours with lymph node metastases, specifically oral 
cavity tumours.19 Patients with high levels of podoplanin in their tumours had a statistically significant increased rate 
of lymph node metastases (P=0.0001) and the shortest disease-specific survival (P=0.0004) compared to the other 
patients.

We propose that a nomogram will predict the probability of metastasis based on the data obtained primarily using 
histological microscopic parameters. According to our findings, the nomogram gives the highest weightage to the worst 
pattern of invasion (WPOI) by H+E. Recently, Lakhera et al have provided evidence that WPOI exhibits the strongest 
correlation with nodal positivity, stage, and lympho-vascular/perineural invasion. This finding highlights the importance 
of WPOI as a potential prognostic marker in the assessment of cancer progression.20

However, a tumour with a WPOI score of 2 (islands) in H+E may also have ITCs detected by D2-40 which drastically 
upgrades the probability of metastasis. This can therefore claim advantage over H+E as it helps in detecting the motile 
tumour phenotype, and in proving the importance of the invasive potential regardless of the histological pattern of 
invasion used for Bryne’s grading system. A statistical model such as this may enhance the importance of histopatho-
logical parameters that are routinely analysed. External validity of our model is a crucial prerequisite to applicability and 
can only be assessed by confirming results in an adequate number of tissue samples. Based on our data, we 
hypothesize that this model will impress upon a concept that will quantify the role of various histopathological 
parameters that have been established for facilitating the complex process of metastasis. This would ultimately assist 
the clinician in predicting OSCC post-operative risk and survival and may facilitate the streamlining of the treatment 
aimed towards specific tumour phenotypes governing cellular motility and lymphatic vessel density, furthermore 
propelling the advent and use of precision medicine in oncology.21

Conclusion
Our predictive nomogram for LNM in OSCC surprisingly showed that a tumour with lower score of WPOI (islands vs 
ITC) showed numerous D2-40-positive ITCs, drastically increasing the probability of metastasis. The proposed nomo-
gram is a prediction model that can assist the clinician in predicting OSCC post-operative risk and survival.

Data Sharing Statement
Data are available upon request to Dr Karen Boaz (at karen.boaz@manipal.edu). The findings of this study were 
presented at the ESMO (European Society of Medical Oncology) Asia Congress 2022, Singapore. The poster’s abstract 
was published in “Poster Abstracts” in Annals of Oncology: https://doi.org/10.1016/j.annonc.2022.10.273.
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Sciences, Mangalore, Manipal Academy of Higher Education (Ref no. 14134). Each patient in the study signed a consent 
for investigations sequential to planned biopsy/surgery.

Consent for Publication
The consent obtained for performing the tissue biopsy also included consent for further investigations and subsequent 
publication. Nomogram, being a statistical evaluation of a previously performed tissue study, did not require any human 
participants' consent. However, requisite permissions were obtained from the Institution and Department before retriev-
ing slides/sections for this study with the patient’s identity being concealed at all times of the study.
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