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ABSTRACT 

“Pattern of cervical lymph node metastasis and its association with clinico-

pathological variables in primary mandibular gingivo-buccal sulcus squamous 

cell carcinoma” 

Background: Squamous cell carcinoma (SCC) of mandibular Gingivo-Buccal 

Complex (GBC) or “Indian Oral Cancer,” is a distinct cancer of oral cavity in the 

Indian subcontinent. Cervical lymph node metastasis (CLNM) is a validated 

prognostic factor in mandibular GBC-SCC like other subsites of oral SCC. CLNM in 

oral SCC is known to occur in a foreseeable manner, involving mainly level I, level II 

and to lesser extent level III nodes unlike tongue or floor-mouth SCC wherein, the 

CLNM tends to be extensive. The available guidelines for neck dissection (ND) in 

node-positive necks for oral SCC are based on western studies, which comprise more 

of tongue and floor-mouth SCC and lack patients with mandibular GBC-SCC. Also, 

the literature about accurate nodal staging in Indian patients with mandibular GBC-

SCC is scanty with regards to adequacy of lymph-nodes to be harvested following 

ND. Furthermore, the extent of CLNM in advanced oral SCC is influenced by clinico-

pathological factors that have to be identified for risk stratification with regards to 

decision making on the extent of ND in patients with mandibular GBC-SCC. This will 

help surgeons to practice oncologically safe ND for patients with high risk of 

extensive CLNM and contrarily to perform limited-extent ND in low risk patients, 

thus avoiding morbidities related to comprehensive ND. 

Aim and Objectives:  To study the metastatic involvement of cervical lymph-nodes 

(CLNs) at various levels in the neck from primary mandibular GBC-SCC and 

quantify the number of lymph-nodes harvested from comprehensive ND. To study the 
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contribution of clinico-pathological factors like T-size, histological differentiation 

(HD), infiltration of bone by the tumor, lympho-vascular tumor emboli (LVE) and 

perineural Invasion (PNI) in CLNM.   

Methodology: Prospective observational study was conducted on 130 hospital-based 

patients with biopsy-confirmed, unilateral primary SCC of mandibular GBC. The 

patients presenting with operable, classical primary mandibular GBC-SCC, without 

any previous treatments, requiring level I to level V nodal clearance were included. 

Also, the patients requiring pectoralis major myo-cutaneous (PMMC) flap 

reconstruction at the primary site were included in this study.  The need for sacrificing 

sternocleidomastoid muscle to facilitate inset of PMMC flap in these patients enabled 

us to study involvement of lymph-nodes at all the levels in the neck due to primary 

mandibular GBC-SCC. The patients’ Clinical details like clinical presentation, tumor 

extent, bone infiltration, AJCC 2009 clinical stage, and pathological details like 

histologic differentiation (HD) on biopsy, bone invasion, LVE, PNI, number of nodes 

per level, number of metastatic nodes and extra-capsular spread (ECS) were noted. T-

size and gross tumor thickness (GTT) were measured intraoperatively after tumor 

resection. The protocol for grossing was based on The Royal College of Pathologists, 

Standards and datasets for reporting head and neck cancers (December 2011). 27 

Statistical Analysis: descriptive analysis, Chi-square test, logistic regression and 

Receiver Operating Characteristic (ROC) curve were used for statistical analysis. 

Results:  Totally 3046 lymph-nodes were harvested and studied in 130 patients.  On 

multivariate analysis, infiltration of masticator space, intra-operative T-size and GTT 

>1cm were significantly associated with multi-level CLNM including level IV and 

level V. CLNM involving level IV and level V was seen in only 15 (11%) cases and 

that involving tail parotid nodes was seen in 13 (10%) cases. Average number of 
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CLNs harvested by comprehensive ND in our patients with primary mandibular GBC-

SCC was 23.61 +5.15 and ranged from 14-37.  

Conclusion: Level IB is common site of CLNM. Comprehensive ND (level I-level V) 

yields an average of 23 nodes in Indian patients with primary mandibular GBC-SCC. 

GTT of over 1cm, locally advanced T-stage and infiltration of masticator space are 

significant predictors of multi-level CLNM in patients with primary mandibular GBC-

SCC. The prevalence of nodal metastasis at level IV, level V and tail parotid nodes is 

approximately 11% even in clinically node-positive necks in primary mandibular 

GBC-SCC. When the tumor is not locally advanced, ECS is negative and GTT <1cm 

these levels of CLNs may not be dissected during ND. Further studies with higher 

number of patients are required to validate the findings of this study. 
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INTRODUCTION 

Carcinoma of lip and oral cavity is third largest cancer in the Indian 

subcontinent, with approximately 200,000 (10.4%) new cases diagnosed in the year 

2018 as per the GLOBOCAN data.1 It is the second largest cancer in males in India 

that affected over  92,000 male population in the year 2018.1 The high prevalence of 

risk factors like chewing tobacco and /or betul nut, smoking or betel-quid chewing 

and consumption of alcohol in the Indian population contributes to higher incidence 

of oral cancer. 3 

Among the various sub-sites of oral cavity, the carcinoma of Gingivo-buccal 

complex (GBC) forms a distinguished subsite that is affected by oral squamous cell 

carcinoma (SCC) in India and some parts of Asia due to abuse of chewable tobacco 

products, arecanut and betel quid.3-5 Placement of the tobacco products or betel quid 

in the mandibular buccal sulcus by tobacco abusers has shown to promote this type of 

cancer. Therefore, this type of cancer is popularly known as “Indian Oral Cancer.”6,7 

Anatomically, the mandibular GBC is a distinct area in oral cavity that is 

bounded laterally by buccal mucosa, mandibular buccal sulcus and oral-commissure 

anteriorly.6 Posteriorly there is retro-molar triangle and pterygo-mandibular raphe and 

superiorly the upper buccal sulcus. On the medial side the buccal gingiva of mandible 

and mandibular dento-alveolar complex are present6 (Photograph 3). SCC arising in 

this region can involve buccal mucosa and retro-molar triangle to variable depths, at 

times infiltrating into the overlying buccinator muscle and skin of the cheek, can 

extend to upper buccal sulcus superiorly and to oral-commissure anteriorly6, 7 

(Photograph 4A and 4B).  The tumor can infiltrate bone at the medial dento-alveolar 

complex of the mandible, depending on dentulous or edentulous status and integrity 
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of periosteum of the mandible (Photograph 5A and 5B). Posteriorly the tumor can 

infiltrate into masticatory muscles, especially masseter or medial pterygoid resulting 

in trismus 8, 9 (Photograph 6A and 6B) 

The lymph from GBC drains primarily into the submandibular and submental 

group of lymph- nodes, followed by the lymph-nodes present in the uppermost region 

of the internal jugular vein which are called “Jugulo-diagastric” nodes.6,7 These 

lymph-nodes are closely associated with spinal accessory nerve (eleventh cranial 

nerve) and are labelled as level II node group. 6 

In comparison to Western data with regards to the oral subsite of SCC, the oral 

tongue, floor-mouth and oropharynx are more common subsites of oral SCC in the 

West. 10-14 The buccal or mandibular GBC-SCC account for less than 10% in the West 

whereas, they are found to be five-folds higher in India, accounting for over 50%.10 

The mandibular GBC-SCC is even common in Indian immigrants to various parts of 

the world.15-17 

Like SCC affecting other subsites of oral cavity, cervical lymph-node 

metastasis (CLNM) is a most important and reliable factor that determines prognosis 

in these patients. 6, 8,18 The presence of CLNM is known to reduce the survival to less 

than 50% in patients with oral cancer. Therefore, dissection of lymph-nodes forms a 

fundamental aspect in the absolute management of oral SCC.18,19 The neck dissection 

(ND) essentially involves surgical removal of lymph-nodes affected or at risk of being 

affected by metastatic disease.20-22 The CLNM in oral SCC is known to occur in 

foreseeable manner as shown by previous studies and are often known to involve 

level I and level II nodes followed by level-III nodes. 23-25 However, when large scale 

studies comprising of isolated buccal or mandibular GBC-SCC patients are 
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considered, the CLNM in these cases is found to occur with a similar predictability, 

affecting levels I and II commonly (40%-100%), with level III being affected in less 

than 8% cases and level IV and V being the least affected (less than 3%).7, 25 The 

CLNM by-passing the levels I or II to affect levels III-V which is commonly seen in 

tongue and floor-mouth SCC due to their closer proximity to lymphatics, rarely 

occurs in GBC or buccal SCC.27, 28 

The regional recurrence in mandibular GBC-SCC is known to occur in the 

range of 7.5-20% after comprehensive therapy, which is less in comparison to tongue 

or floor- mouth SCC. Also, the SCC of oral tongue or floor mouth are known to have 

higher prevalence of occult CLNM and can commonly involve nodal levels at level II 

to  level IV.7,26,29 On the contrary, mandibular GBC-SCC has a tendency to cause 

local tissue destruction and higher incidence of occult metastasis over 25% are seen in 

patients presenting with locally advanced stage. 26, 30 Additionally, the occult CLNM 

in mandibular GBC-SCC is often confined to level I and level III lymph nodes. 7 

The current guidelines in decision making for ND in patients with node-

positive necks are derived from Western literature which, unlike Indian patient’s 

scenario, are based on patients with tongue and floor-mouth SCC. Most of the 

Western studies have grouped all oral subsites into one major group without 

demarcating a specific and single anatomical territory. Therefore, the application of 

ND concept that is based on unspecified oral subsites or that proposed for tongue or 

floor mouth SCC cannot be extrapolated to Indian Oral Cancer. Also, the number of 

lymph-nodes that have to be harvested following ND in Indian patients with 

mandibular GBC-SCC for accurate nodal staging has never been established so far, 
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although this is well established for the cancers of stomach, colo-rectum, oesophagus, 

and breast. 31-34 

The possibility of distinct CLNM in Indian patients with GBC- SCC needs to 

be thoroughly studied to provide guidelines for modifications in the ND procedures, 

in order to practice oncologically safe surgery with less morbid outcomes.  

Several clinico-pathological factors contribute to CLNM and predict prognosis 

in patient with oral SCC. These include histologic differentiation, tumor thickness, 

tumor size, lympho-vascular invasion, peri-neural spread and extra-capsular spread of 

tumor in neck node.35, 36 Studying the association of these factors in mandibular GBC- 

SCC with CLNM is of paramount importance in order to arrive at a consensus on 

identification of high-risk patients that require aggressive ND and adjuvant therapy 

for optimizing disease control. On the contrary, patients with absence of high risks 

factors for CLNM can benefit by undergoing less morbid surgery and better quality of 

life (QoL).  

Although, intra-operative frozen section can help in determining the node-

positivity and ND can be modified based on the frozen report, this facility is not 

widely available, requires advanced equipment and expertise and increases treatment 

cost to the patient.37 Therefore, a frugal method that intraoperatively guides the 

surgeon in decision making on extent of ND in patients with mandibular GBC- SCC, 

based on reliable clinical parameters is much needed in developing countries, given 

the large volume of patients and paucity of expertise.   
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This study was designed solely on patients diagnosed with lateralized 

mandibular GBC-SCC, to assess the extent of CLNM in these patients, establish the 

lymph node yield (LNY) and optimal count of lymph-nodes to be harvested for 

adequacy of nodal staging. This study also evaluates the association of clinico-

pathological factors namely histological differentiation (HD), gross tumor thickness 

(GTT), tumor size, lympho-vascular emboli (LVE) and peri-neural invasion (PNI) 

with CLNM in these patients.  
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REVIEW OF LITERATURE 

The lymph, lymph-vessels including capillaries, lymph nodes, diffuse 

lymphoid tissues in addition to major lymphoid organs and bone marrow form the 

lymphatic system.1 

The tissue fluid left behind by the venous system is carried into circulation by 

lymphatic vessels and the lymph-nodes come in between the lymphatic vessels before 

the lymph is deposited into the venous circulation. 38 

Lymph-nodes are rounded, nodule like structures often covered by a capsule 

and have smooth outer surface. The inner surface differs from the outer surface, in 

that it has an indentation which is called hilum. This hilum forms an area where the 

lymphatic vessels either pass into or leave the lymph-node.  Normally the size of 

lymph-nodes when they are not challenged by an insult varies from 2 mm to 20 mm. 

39 A schematic picture (Figure 1) depicts the structure of a normal lymph node. 

Normally, when a cut section of lymph-node is grossly examined, it shows 

densely accumulated whitish material which is formed due to collection of lymphoid 

tissue.40 On microscopic examination using light microscopy, the lymph-node shows 

lymphatic lobules and lymph filled sinuses covered by a true capsule which is made 

of collagen and elastin. Apart from this, three distinct areas can be appreciated in a 

lymph-node namely: outer cortical areas that is, B-cell rich zone, area around the 

outer cortex, that is para-cortical area which is rich in T-cells and lastly the medullary 

area that has sinuses.1, 40 The connective tissue of the capsule also forms trabeculae in 

the lymph-nodes. The outflowing lymph normally has more lymphocytes.  
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The supporting structure within a lymph-node is composed of networking 

elastin and reticular fibres, in addition to leucocytes with predominant lymphocytes.38, 

41The lymphocytes are closely packed similar to follicles in the cortex. This 

supporting system is called reticular network, which permits transfer of material and 

blood through endothelial venules, provides factors for growth, activation and 

maturity of cells apart from provision of surface for adhesion of immune cells.  41-43 

The number and content of follicles depend on the activity of antigenic influence. In 

response to presence of an antigen, a germinal center can form. A track like structure 

lined with endothelial cells and supporting fibro-reticular cells which transfers lymph 

is called lymph sinus.43 There are two such distinct sinuses: cortical sinus and 

medullary sinus. These sinuses are interconnected through trabeculae. The lymph 

after flowing through the medullary sinuses, drains into efferent vessels. 43 The hilum 

is concave surface on the lymph-node and it has relatively thick reticular structure that 

attaches it to efferent channel. The lymph exits the lymph-node from this channel. 43 

Cortex: 

The flow of lymph occurs in a lymph-node in an orderly manner, starting from 

the subcapsular sinuses to trabecular sinuses, reaching medullary sinuses. The most 

peripheral region of the cortex shows the presence of follicles that are dominated by 

B-lymphocytes.42 These follicles are sensitive to an antigenic insult and form 

germinal centers in response to antigens. The innermost region of the cortex is 

dominated by T-lymphocytes. Apart from this, the T- lymphocytes are predominant 

cells in a region known as para-cortical area. The cells like dendritic cells are also 

seen here. 44 
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Medulla: 

The main components of the medullary region include the medullary cords 

and medullary sinuses. The cord like arrangement of lymphatic cells contains plasma 

cells, B-lymphocytes and macrophages.44 In contrast to the medullary cords, the 

medullary sinuses show spatial arrangement and contain specialized cells called 

histiocytes (stagnant macrophages) and reticular cells.  The other components in the 

medulla include vascular structures, cordal and sinusoidal structures and antibodies 

involved in secretion of plasma cells.38,44 

Shape and size of lymph-node in Humans: 

The Lymph-nodes are fabiform in shape and their size can vary from few 

millimeters to 2 cm in length. 44 The size of a lymph-node increases in response to 

inflammatory conditions, malignant disorders or infections that affect the region of 

drainage. The discrepancy resulting from intensified ingress of lymphocytes into a 

lymph-node from blood and decreased exit from it, in response to inflammation is 

known to cause lymph-node enlargement.44 The increased activity and multiplication 

of lymphocytes can also contribute to enlargement of lymph-node. At times an 

enlarged lymph-node may fail to regress in size after infection subsides.  

Circulation of lymph: 

The pathway of circulation of the lymph begins from its entry into the lymph-

node from afferent vessels to reach sub-capsular sinus, followed by trabecular and 

medullary sinuses.41,43 The phagocytes line across this passage to filter the foreign 

bodies from the circulating lymph. There is a dense looping of medullary sinus close 
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the hilum where the lymph exits the node through the efferent channel traversing to 

reach the subclavian vein.  

The human lymph-nodes are distributed as clusters in the axilla, abdomen, 

neck, groin and chest as shown in figure 2. There are approximately 500-600 lymph-

nodes in an average human body.38,44 

Morphologic aspects of human lymph-nodes and its application in pathologic 

interpretation: 

The human lymph-nodes are known to resemble rat and other eight 

mammalian species. The following factors are shown to influence the interpretation of 

a particular lymph-node section: 

1. Larger the node greater is its compartmentalization due to irregular septae 

arising from the outer capsule.45 

2. Due to non-uniformity of the compartmental region the structural components 

can appear variable in morphology, depending on the cutting angle. 45 

3. The diversity in the lymphoid tissue content in the standard tissue section of 

the lymph-node is seen to have ill-defined outline. 46 

4. The smallest lymph-nodes are uni-compartmental and have one afferent 

lymphatic vessel whereas, in larger organs the number of compartments is 

equivalent to either the number of afferent vessels or their terminal branches, 

depending on the size. 47, 48 

5. The outermost cortex and sub-sinosal layer can appear thinned out and 

stretched in larger lymph-nodes. 49 
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6. The deep cortical layer is semispherical and lies above the lymphatic opening 

and is less appreciated in the sections, in order to get accurate assessment of a 

pathological node. 50-53 

7. The high endothelial-venules are specialized vascular structures present inside 

the lymphoid organs that are involved in the recruitment of blood cells. They 

exist in extra-follicular region of the outer cortex and go down into the outer 

aspect deep cortex and terminate in venules on entering the medullary cordal 

region.  53, 54  

Surgical Anatomy of the Cervical Lymph-Nodes (CLNS) 

To specifically label a particular group of lymph-nodes with respect to the 

areas of their primary drainage and establish a common language between surgeons 

and pathologists, the head-neck department of the Memorial Sloan Kettering Cancer 

Centre (MSKCC), New York, USA55, 56 has classified the CLNS from Levels I 

through level VII. The levels VI and VII are beyond the scope of oral cancer and will 

not be included here.  

The head-neck department at MSKCC has described the five nodal groups.55, 

56 The intent of this levelling was to provide an accepted mode of referral among 

surgeons and pathologists. Also, there was a need for a consistent, easy reproducible 

and user-friendly way for delineating CLNS. The detailed anatomy of the CLNS is 

described in figures1-4. 
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Investigative modalities for evaluation of cervical Lymph-nodes in head-neck 

cancer (HNC): 

The CLNM is a single most important independent prognostic factor in HNC. 

Evaluation of CLNM in a patient diagnosed with oral SCC is most important for 

staging, planning of curative and adjuvant therapy, and determining the prognosis. 

Role of ultrasonography (USG) 

The use of USG in investigating CLNS is well established in the literature57-59. 

The probe sensitivity of 10-14MHz is effective in diagnosis of CLNM. Currently 

several modifications of USG have been used like serial USG examinations and use 

of triplex USG.59-61 

When USG was compared for its sensitivity, specificity, positive and negative 

predictive value and accuracy, with clinical palpation of CLNS, the values for USG 

were approximately 85%, 90%, 91%, 80% and 87% whereas those for clinical 

palpation were 69%, 87%, 90%, 58% and 75%.61, 62 

The criteria for diagnosis of malignant cervical lymphadenopathy using USG 

include: size of the lymph-nodes, shape, L/W ratio, status of fatty hilum, central 

necrosis, enhanced pericapsular vascularity and violation of the capsular lining, 

suggesting extra-capsular spread (ECS). 63 

The size criteria for pathological level I lymphadenopathy has been suggested 

to be 1.5-2 cm and that for level II as 2cms. In other regions of neck, lymph-nodes 

over 2cm in size are considered positive for metastasis.64 
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Other major role of USG in HNC is its application in USG guided Fine Needle 

Aspiration Cytology (FNAC).65 This has improved the accuracy of FNAC in detecting 

occult CLNM. A study comparing the efficacy of USG alone and USG guided FNAC 

in detecting occult CLNM showed that with USG alone, the accuracy never exceeded 

over seventy percent. When USG was used in performing FNAC, the accuracy 

improved over 89% with sensitivity of 75% and specificity of 100%. Currently, this 

modality is validated in assessment of CLNM in follow up of N-0 patients treated for 

oral SCC and neck being observed. 65, 66 

However, the lack of accuracy in detecting node-positivity when nodal size is 

less than 1cm and failure to detect lymph-node involvement in deeper areas of the 

neck, especially when the area of assessment is deep to bony structures, are major 

shortcomings of USG.66 

Role of CT scan and MRI: 

The assessment of primary tumor and the neck nodes is major factor in GBS- 

SCC.67 The assessment of primary tumor is done to determine the clinical extent, 

tumor thickness and infiltration into tissue spaces and bone.68 The coronal CT images 

with puffed-cheek technique is well-established in assessment of primary tumor. 69 

Cross-sectional methods are useful and add to the specificity and sensitivity of clinical 

examination of CLNS that are involved by malignancy. This technique is based on 

cross-sectional diameter of the lymph-nodes and internal diameter changes in the 

lymph-nodes.70 Several studies have been done to investigate the usefulness of 

imaging modalities namely panoramic view (OPG), CT scans, MRI, Denta-scan and 

Single-photon emission computed tomography (SPECT) to evaluate infiltration of 

GBS-SCC in the mandible.71-80 Some of these studies have also compared clinical and 
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radiological  evidence of infiltration into mandible on final histopathological 

examination of the tumour.75, 76 Among the several modalities, contrast enhanced 

computed tomographic (CECT) scans were seen to have specificity of 87% whereas, 

MRI and SPECT showed higher sensitivity, in the range of 96%-97%.76, 77, 79 In a 

study, mandibular invasion was over-valued by MRI, with higher rates of inferior 

alveolar canal erosion. 79 However, the evaluation of perineural invasion is more 

efficient using MRI, which appears as over-enhancement of foraminae or reduced 

density of fat. 79 

When CT scan and MRI were compared for their efficacy in evaluating 

CLNM in mandibular GBS-SCC, the specificity and sensitivity were in the ranges of 

55%-95% and 39%-96% respectively for CT and 64%-92%, 40-81% respectively for 

MRI.79, 80 Central necrosis is often a hallmark of malignancy within lymph-nodes. In 

the absence of central necrosis, especially in a homogenous node, the size criteria 

considering the maximum lengthways diameter and minimal cross-wise diameter are 

helpful in identifying a metastatic node.81 The presence of ECS in the lymph-nodes is 

also an important determinant in defining the prognosis and need for adjuvant therapy 

and MR imaging is a reliable modality in detecting it.82 In addition to clinical 

examination, presence of ECS can be established preoperatively using any of the 

available imaging modalities and establishing operability of neck node on MR 

imaging is most validated. 82, 83  

Role of Positron Emission Tomograms- Computed Tomography (PET-CT) in 

GBS -SCC: 

The current literature suggests that PET-CT is sensitive in the range of 70%-

90% and specific in the range of 80%-90% in evaluation of CLNM, with negative-
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predictive value of 90%.84 The reason for such high accuracy is over 40% of 

metastatic lymph-nodes being greater than 7mm in size, that are picked up easily in 

PET-CT scans.70  Tzu-Chen Yen and colleagues evaluated the role of PET-CT in 

staging of buccal mucosal SCC with an objective of its comparison with CT and MR 

imaging for detecting regional and distant metastasis in 102 patients.85 The role of 

PET-CT in this study using 18-F fluro-deoxy-glucose was significant in detecting 

regional metastasis at level II and distant metastasis. Two percentage of patients were 

detected with distant metastasis and in these patient’s futile surgery could be avoided 

as there was no survival benefit. However, the loco-regional control rates in patients 

that underwent PET-CT upfront and those did not was similar. This study concluded 

that the only major benefit of upfront PET-CT in buccal SCC before surgery was 

uncovering distant metastasis that was effective in only 2% of the patients.  

A meta-analysis has evaluated the efficacy of imaging techniques for the 

diagnosis of CLNM in clinically N zero neck.86 The imaging techniques chosen in this 

analysis were Computed Tomograms, Magnetic Resonance Imaging, Ultra-

sonography and Positron Emission Tomograms. Results showed that all the 

modalities used were similar with respect to sensitivity and specificity. However, it 

was found that CT was superior to Ultrasound in terms of specificity and the range of 

values of specificity and sensitivity with other techniques in comparison were 

approximately same. It was concluded that in patients with “cN-zero”, the accuracy of 

current imaging techniques in detection of occult CLNM remains the same.  

A novel technique called “Nuclear Morphometry (NuM)” has been developed 

in Japan for pre-operative evaluation of risk of CLNM in oral SCC.87 Using a digital 

imaging method, the morphologic factors of lymph-nodes like nuclear area, perimeter, 



Review of Literature 

 

Page 15 
 

L:W ratio and area coefficient of variation were analyzed in over 50 tongue, 29 GBC 

and floor mouth SCC. The nuclear expanse and circumference were larger in node- 

positive cases in contrast to node-negative cases. The L:W ratio area coefficient of 

variation and primary subsite of SCC were not significant. The authors of this study 

concluded that pre-operative NuM can add to valuable information as a non-invasive 

technique for evaluating CLNM by identifying them. This can help a surgeon to 

modify his ND technique depending on level and extent of CLNM.   

Neck Dissection (ND) in the management of Oral Cancer: 

ND forms an integral aspect in management of oral SCC.88 It comprises of 

removal of the lymph-nodes that are specific to the draining area of head and neck.88 

The lymphatics are distributed in the fibro-fatty tissue along the major veins, salivary 

glands and 11th cranial nerve. The occurrence of metastasis of oral SCC to CLNS is a 

significant factor in determining the overall-survival (OS) of a patient and its presence 

has shown to reduce the OS to less than 50%. 88, 89 Therefore, CLNM by oral SCC has 

emerged as single most important and independent prognostic factor.89 ND has 

evolved from being more radical in 19th century to being more conservative in the 

current era with the realization of quality of life as an important factor that determines 

the patient’s well-being.25, 90 Also, in view of elaborate data available in existing 

literature regarding the pathways of lymphatic spread to lymph-node groups from the 

primary subsite of oral cavity, several modifications of ND have come into current 

practice.24, 56 The radical neck dissection (RND) was described by George W. Crile in 

the year 1906.91 This procedure included lateralized surgical removal of the CLNS in 

addition to extra-lymphatic structures namely sternomastoid muscle, internal jugular 

vein, 11th cranial nerve, submandibular gland and tail of parotid gland. Later in the 
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year 1957, Hayes Martin described the use of this procedure in regional control of 

head neck cancer.92 However, with increase in the popularity of RND that was very 

commonly being performed for the regional control of the disease, post-surgical 

morbidity related to this procedure increased. The morbidity mainly included shoulder 

pain and restricted mobility and inability of its application in both sides of neck 

whenever indicated.93 In view of increasing morbidity of this procedure, the 

modifications were described by Ward and Robben to prevent morbidities related to 

shoulder and later by Saunders and co-workers, who showed that when 11th cranial 

nerve was  preserved or reconstructed during ND, the complications related to 

shoulder were minimal.94, 95Magrin J and co-workers showed that preservation of 

internal jugular vein was possible in most of the cases of oral cancer, during ND and 

its preservation reduced the post-operative edema in most of the patients.96 Studies by 

Suarez and colleagues showed that the “Functional Neck Dissection (FND)” or 

“Modified Radical Neck Dissection (MRND)” are acceptable treatment modalities in 

patients with CLNM by primary oral cancer whenever there is no extra-nodal 

extension.97 Later in 1980s another concept of ND called “Selective Neck Dissection 

(SND)” emerged. Ballantyn and co-workers who proposed that in this procedure a 

selected group of lymph-nodes may be dissected leaving behind the rest of them that 

are normally removed in a RND.98 This procedure was based on the understanding of 

the pattern of CLNM due to malignancies occurring at a well-defined sub-site in 

head-neck region. A study published in the year 1999 compared the QoL, one-year 

after various types of ND that were described earlier. 99 This study compared 

consequences of SND, RND and MRND in 84 patients and the outcomes were similar 

in SND and MRND group. However, the outcomes were poor in terms of QoL in 

RND group, in comparison to MRND and SND groups.  
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The studies that were performed later focused on the occurrence of CLNM 

from head -neck SCC to specific group of lymph-nodes, so as to decide on which 

group of lymph-nodes to be removed and which of them can be spared during 

therapeutic neck dissection. Davidson BJ and colleagues found that in 1277 patients 

who underwent RND for various head neck sub-site-specific SCC, only 3% of the 

lymph-nodes were found positive in the posterior-triangle and the positivity for 

metastatic nodal deposits increased to 5% when clinically metastasis-positive nodes 

were present at other lower levels, that is levels I to IV.100 Over the years, SND 

became popular as a procedure of choice when ND is being carried out on elective 

basis.101 This helped the surgeons to efficiently manage micro-metastasis, which 

cannot be detected by using non-invasive techniques pre-operatively.102-104 With the 

advent of SND the ambiguity regarding the need for adjuvant therapy or observation 

was resolved, as it helped the surgeons to know about the micro-metastasis and served 

as a medium for pathological staging of the neck. Some literature also supported the 

concept that SND can be a therapeutic procedure for node-positive neck and the nodes 

that are left unremoved in the neck with possible micro-metastasis can be effectively 

radiated post-operatively to reduce neck-nodal recurrence. 105 With this method of 

practice, some studies showed the mean failure rate in the neck to be 8.3% and in the 

range of 5.5%-11.1%.106 Carefully selecting patients with clinical CLNM, Andersen 

and colleagues in the year 2002 showed that the regional control of over 90% can be 

achieved in 129 patients with SND and the results were comparable to those treated 

by MRND and RND. 105The advantages of SND over other comprehensive ND were 

lesser surgical time and reduced shoulder dysfunction. 105, 106 

The first attempt to assess the order of CLNM from oral cancer was made in a 

retrospective study that was published in the year 1990. 24 This study was conducted 
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on 501 biopsy proven SCC patients with different sub-sites of oral cavity, of which 

206 patients were positive for CLNM and 295 patients were negative for the same on 

clinical examination. RND was performed on all the patients and the order in which 

the metastasis occurred in various nodal groups was analyzed following surgery. It 

was found that neck nodal levels from I to III in majority were involved by metastasis 

from oral SCC and these groups were established to be at high risk of containing 

metastatic disease. It was interesting to note in this study that the level IV nodes were 

seldom involved (less than 3%) in patients that were diagnosed to have clinically 

node-negative neck and rarest nodal level that was involved by metastatic disease in 

both clinically node-positive and node-negative necks was level V. It was also found 

that level V nodes were involved by CLNM only if the positive nodes existed in other 

lower levels, that is levels I to IV.  

Following this study, the concept of modifications in the standard RND started 

and focus was on achieving high regional cure rates with lesser morbidity. However, 

the follow up of the patients is equally important to validate the high regional cure 

rates achieved after ND. It is utmost important to follow up the patients with suitable 

imaging in order to detect the nodal metastasis either in the ipsilateral or contralateral 

neck so that early detection is made effective and possible curative therapy can be 

initiated. After several modifications in the ND were described, there was a constant 

debate on whether to do ND upfront on patients with oral cancer (elective neck 

dissection, END) or to do it when there is nodal recurrence during follow up 

(therapeutic neck dissection, TND).107-109 A prospective randomized trial on clinically 

node-negative patients presenting with operable, biopsy proven SCC of oral cavity 

was conducted.110 This study included early cases (T1 and T2) of oral SCC and 

comprised of total 500 patients that were randomized into two arms, 245 underwent 
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elective neck dissection and 255 underwent therapeutic ND and were followed up for 

median 40 months. When the results were compared after follow up, the number of 

recurrences and disease related deaths were highest in the therapeutic ND group. This 

study effectively showed that elective ND reduced the recurrence rates. Also, there 

was improvement in disease specific survival rates in oral cavity SCC.  

A multi-centric study which was conducted on 98 patients diagnosed with 

buccal mucosal SCC with clinically node-negative status. 111 This cohort study 

compared the local recurrence, distant metastasis and 5-year survival in patients that 

underwent elective ND versus the patients that did not. The results and the analysis 

showed that elective ND reduced the rates of regional recurrences and distant 

metastasis and improved the 5-year survival rates. Although, the number of cases with 

locally advanced buccal SCC were limited in this study and most of the cases studied 

were early (T1 and T2) cases, the extent of ND that was performed in each patient is 

unclear in this study.   

Kowalski LP and Sanabaria A, reviewed the evidence regarding role of END 

in oral cancer.112 This review showed that for a patient with clinically node-negative 

oral SCC, END is well established modality for optimal regional control of the 

disease. However, according to this review, there is still a controversy in the literature 

with regards to extent of ND in the clinically node-positive neck. They found that 

with extended supra-omohyoid ND in a node-positive neck, the rate of regional 

failure was 6%, provided that post-operative adjuvant radiotherapy was administered 

in these patients.112  Also, when the extended supra-omohyoid ND was compared with 

MRND,  neck-failure rates and overall survival was similar in both arms, in a group 

of over 200 patients with oral SCC.112 In addition to this, there were reduced 
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complication rates and improved results with regards to appearance and functional 

outcomes in supra-omohyoid ND group (SOHND). Among the patients that recurred 

regionally, in 50% of them relapse was within the fields of SOHND.112, 113 They 

advocate extended SOHND covering level IV nodes in every case of CLNM in oral 

SCC. 113 However, it is unclear in this review regarding the specific subsite of oral 

SCC. The review included all subsites of oral SCC and extrapolating the outcomes of 

this critical review to GBS-SCC still remains controversial.  

Role of clinical and pathological factors that contribute to lymph-node 

metastasis in GBS-SCC: 

Various clinico-pathological factors were studied with regards to buccal SCC 

and some were found to influence CLNM either directly or indirectly.114-121 The 

patients age, tobacco habits: their duration and frequency, presence of potentially 

malignant disorders, clinical skin and/or bone infiltration, trismus, clinical T-size and 

extent of tumor and clinically palpable lymphadenopathy are important from clinical 

standpoint in a patient with GBS-SCC. The HD, pT-stage, tumor thickness (TTh), 

LVE, PNI, lymph-node yield (LNY) and ECS are pathologic factors that influence the 

prognosis in oral SCC cases. 122-124 

The contribution of age, tobacco habits and potentially malignant disorders 

have not been significant in their associated with CLNM. However, they have 

contributed in likelihood of local recurrence after definitive therapy for buccal SCC. 

35, 122, 123 Infiltration of bone and/or skin, clinical extent of tumor and presence of 

trismus due to infiltration of GBS-SCC into masticator space are the markers of 

higher T-stage which influences CLNM by increasing overall tumor volume.122, 123 
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Histologic differentiation (HD) and nodal metastasis: 

The behavior of well differentiated tumors was associated with better 

prognosis compared to moderate and poor histologic differentiation. In a study 

highlighting histologic prognostic markers by Woolgar JA, the amount of cellular-

keratin deposition, phleo-morphic activity at the cellular and nuclear levels and 

mitotic changes influence the extent of differentiation in the tumor cells.35, 119 The 

reliability of HD as a pointer for CLNM in current studies has been questionable in 

view of it being more subjective, heterogenous nature of the tumors, non-

representative sampling during biopsy and interpretation based on structure of tumor 

cells rather than function. 35 

However, some studies on multi-variate analysis have found that HD is a 

reliable predictor of local and regional recurrence in oral SCC. The regional control 

rates in study by Larsen SR and colleagues were notably associated with HD and 

showed better control rates with well to moderate differentiation compared to poor 

differentiation.124 The HD was also significantly found corresponding to the presence 

of nodal-positivity during diagnosis on multivariate statistics.124 In another study by 

Kademani D and colleagues that comprised of 46 patients with primary buccal and 

retromolar trigone SCC and rest 154 patients with other subsite SCC, HD was 

associated with local and regional failure and significantly contributed to lymph-node 

metastasis.125 The findings of this study and one by Mataga O and co-workers 

suggested that moderate to poor HD was major contributor to CLNM independent of 

T-stage or size of the tumour. 125, 126 
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T-stage or Tumor size and Tumor thickness (TTh): 

The increased size of tumor on initial clinical presentation has shown to 

contribute directly to CLNM. 35 The size of tumor is the measure of overall tumor 

diameter and roughly represents the volume of disease. In the SCC of mandibular 

GBC, the infiltration into masticator space, erosion of bone and infiltration of skin are 

the manifestation of overall tumor size.127 However, in some studies, the tumor size 

did not contribute to CLNM on multi-variate analysis. 128, 129 In a study by Vincent N 

and colleagues, the tumor measured on resected specimen was more accurate in 

predicting CLNM compared to clinical tumor size. 130 In a retrospective study that 

evaluated spreading pattern in buccal mucosal SCC with contrast computed tomogram 

imaging it was found that Stensen’s duct was most often invaded structure by buccal 

SCC in over 70% of cases followed by GBC (60%) and buccal space. 131 The cases of 

long-standing tumor showed presence of invasion into masticatory muscles, skin 

subcutaneous fat and bone. The skull base was invaded in late stages. These findings 

were confirmed and corelated with histopathology and were found significant 

(p<0.05).130, 131 The pathways of spread of buccal SCC are linked to CLNM and they 

determine prognosis in these patients.130 

With the emerging evidence from several studies based on tumor thickness 

(TTh) as a major contributor of CLNM the importance of tumor size has reduced. The 

current literature highlights the TTh as a distinguished pathologic factor, accurately 

representing tumor volume and marker of CLNM and prognosis.127 As per the 

definition by Moore and colleagues, the “deepest invasion of the tumor in the tissues 

from mucosal surface” is known as TTh. 132 Based on this definition a meta-analysis 

by Huang HS and co-workers, comprising of sixteen studies on over 1130 patient’s 
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pooled data has shown that TTh is a potential predictor of regional metastasis in oral 

SCC. 122 In this analysis the investigators found that the TTh break- off differs in 

terms of CLNM from 4mm to 5mm, with latter value being highly associated with 

CLNM and former as a borderline value. They concluded that the most appropriate 

break- off of TTh is 4mm that predicts occult CLNM in oral SCC. However, in this 

entire analysis only one study was based on buccal mucosal SCC (Mishra et al127) and 

other studies reveal that break-off varies with the subsite depending on variability in 

depth, measurements and abundance of lymphatic tissues of that subsite.127 Thus, the 

interpretative value of TTh in floor-mouth region is much less (1.6mm) compared to 

buccal mucosa (6mm) and tongue (4mm). 122 

The accurate predictability of CLNM in the current literature using TTh has 

replaced tumor size and its wide application has given way for modifications in the 

recent AJCC staging of cancer to incorporate TTh as one of the measures. 133 

In addition to TTh infiltration into skin and soft tissue over GBS has shown 

not only to result in ipsilateral multi-level metastasis but also contralateral neck nodal 

metastasis.134, 135 The infiltration of skin and/or gross bone involvement irrespective of 

size of the tumor will upstage the T stage to T4. A study by Mair and colleagues has 

shown that among the 53 patients with mandibular GBC-SCC involving skin of the 

cheek, 28 had multi-level CLNM unilaterally and 18/53 had bilateral CLNM. These 

patients required bilateral ND for comprehensive therapy.135 Contrarily, gross erosion 

of bone by mandibular GBC-SCC has not shown to contribute to CLNM. Studies by 

Brown JS and colleagues has shown that isolated bone infiltration in comparison to 

skin infiltration is less likely to cause CLNM but likely to contribute in local 

recurrence of the tumor, especially at the stump of the bone remaining after resection 
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of the mandible.136-137On the contrary Kuk SK and co-workers showed that tumor size 

significantly correlated with bone infiltration and CLNM.138 Taking neck node 

metastasis as an end point, there was significant association with this factor and bone 

infiltration in this study. When the extent of bone infiltration by tumor was studied, 

the patients with bi-cortical destruction had a higher propensity for CLNM compared 

to those having subtle bone erosion and were lesser in size (T1 / T2 or < 4cm in size). 

The authors suggested modifications in the TNM staging against unnecessary 

upstaging of T stage when foci of bone infiltration are small or questionable.138 

Apart from application of TTh in oncologic studies there is broad disparity in 

the literature regarding techniques used to measure TTh. 122, 139-141 Some authors 

suggest measurement from apparently healthy mucosal surface to deepest point of 

invasion whereas, other measure it from ulcer base or highest point on the surface of 

tumor. 122, 142Also, the changes in the measurement resulting from dehydration of 

tissues, following formalin fixation leads in erroneous interpretation of results. 142 

In view of paucity in the standards of measurement there is a broad disparity 

in the literature regarding measurements of TTh and can range from 2-10mm and 

above. 122, 141, 142 

The shrinkage of tumor and the surgical margins after formalin fixation is yet 

another factor that adds to erroneous interpretation of tumor size and margin status in 

oral SCC, especially the pTNM staging which is often done after 48 hours of fixation 

of the specimen in 10% buffered formalin. 143 Studies on 52 specimens of resected 

buccal mucosal SCC showed that average decrease in tumor size and margins that 

were measured following formalin-fixation were statistically significant (p<0.05) in 

65% of the cases. This study showed that resected margins around the tumor are 
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expected to show shrinkage of 25% after formalin fixation and cautions both surgeon 

and pathologist to be familiar with this shrinkage factor. According to this study the 

measurement of tumor related factors like T-size and TTh are best done 

intraoperatively, immediately after resection of tumor so that the accuracy of pT-

staging is not compromised or is based on erroneous interpretation after formalin 

fixation. 143 

The application of AJCC TNM staging, in terms of clinical or pathological 

factors has also shown a difference in accuracy. This was evaluated in a study by 

comparing clinical TNM (cTNM) and pathologic TNM (pTNM) so as to ascertain 

which one is more accurate as a staging method for oral SCC. The retrospective data 

of over 390 patients were subjected to clinical and radiological evaluation pre-

operatively and surgery with adjuvant therapy, as per tumor board decision, was 

evaluated. Identification of prognostic factors was done by univariate analysis (log 

rank test) and multivariate analysis (Cox regression). The cTNM and pTNM showed 

concordance in over 60% of primary tumor and 60% for cN negative and pN negative 

classification. There was over-staging in 58% of cases by cTNM. When the 

relationship of metastatic tumors to cervical lymph-nodes was evaluated, there was 

over-staging in 78% of cases by cTNM. When overall survival was assessed in multi-

variate analysis, pT and pN classification was significant. Thus, it was concluded that 

for all practical purposes related to staging, the accuracy of pTNM was much higher 

and reliable compared to cTNM.144 

Lympho-vascular emboli (LVE) and Peri-neural Invasion (PNI): 

According to Woolgar JA and co-workers, LVE refers to “presence of tumor 

cell clumps in the endothelium-lined lumens or infiltration of vessel-wall media and 
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causing ulcer in the intimal lining” and PNI refers to “presence of tumor cells in the 

peri-neural space of the nerves”.35 In the studies based on large scale population, the 

occurrence of LVE and PNI were approximately similar in tongue and buccal mucosa 

in one study based on Taiwanese population whereas, in another study based on 

Indian population there was a slightly higher rate of PNI in tongue SCC compared to 

GBS -SCC (27% versus 16%) but rate of LVE was comparable in both sub-sites.29, 128 

In a study by Tai SK that comprised of over 220 patients with combined buccal and 

tongue SCC, with the increase of TTh from 4mm to 10mm, both LVE and PNI 

predicted CLNM on univariate analysis.145 However, in absence of LVE and PNI 

even the TTh>6mm was not a predictor of CLNM on multivariate analysis. In 

contrast to LVE, PNI on multivariate analysis showed significant association with 

CLNM and poor disease specific survival for 5 years, in this study.  LVE was 

significant contributor of CLNM in the study by Woolgar JA and colleagues, which 

comprised of oral SCC cases with unspecified sub-sites.35 However, it was 

insignificant contributor in a study by Nair S and colleagues, that was based on buccal 

and tongue SCC patients, in Indian population. 128 In the latter study the authors were 

unable to ascertain the role of PNI in anticipating CLNM from either buccal or tongue 

SCC even though the study was based on larger population. 128 

In another Indian study that intended to investigate the predictive and 

prognostic factors in GBS-SCC that was based on over 30 patients, 21% patients were 

positive for PNI and 18% were positive for LVE. In this study, with exception of TTh 

(p=0.009), neither LVE nor PNI was associated with CLNM on univariate and 

multivariate analysis.146 
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Extra-capsular spread (ECS): 

ECS is a distinguished factor that impacts the disease specific survival in oral 

SCC.35, 147 

Two Asian studies consisting largest number of mandibular GBC-SCC 

patients have shown the incidence of ECS to range from 16%-24%.26, 30 However, in 

contrast to buccal or mandibular GBC-SCC, studies from west that mainly comprised 

of SCC of tongue have shown a higher incidence of ECS, ranging from 21%-63%. 148, 

149 The ECS is known to influence further dissemination of metastatic disease into 

multi-nodal levels. From the surgical standpoint, positivity for ECS in the CLNS 

requires not only aggressive surgical dissection but also post-operative adjuvant 

chemo-radiation for optimal loco-regional control. 149 Also, presence of ECS is a 

potential marker of inoperable disease. Studies on oral SCC show that in absence of 

ECS the chance of metastasis to level IV and level V is less than 3% and with 

positive-ECS the incidence of nodal metastasis to these levels increases to 10%. 7, 26 

The presence of ECS can be detected by ultrasonography and other imaging 

modalities like CT and MRI. 150 Also, there is possibility of smaller nodes presenting 

with ECS and not necessarily larger sized nodes should be suspected of having ECS. 

In a study conducted on 66 oral SCC patients, the relationship of CT and histologic 

findings in the lymph nodes was assessed. It was found that patients having nodes 

>100 mm2 area in the CT scan were likely to harbor metastatic disease and were 

positive for ECS. 151 These patients when compared to others showed poor outcome in 

terms of disease-free survival. ECS has significantly been associated with 

contralateral CLNM and distance metastasis.  
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There is still a controversy in detecting ECS pre-operatively based on imaging 

and post-operatively by histopathology. Few authors presume that increased size of 

lymph-nodes beyond 3cms and correlated findings on imaging is expected to be 

graded as ECS whereas, others suggest that under microscopic examination a 

complete rupture of lymph-node capsule to be labelled as ECS.152Wreesmann VB and 

co-workers have overcome this by suggesting a method of identification of ECS 

wherein, distance between inner capsule and the outer infiltrating front of the tumor is 

measured. Also, in borderline or doubtful ECS cases, examination of the entire node 

and status of perinodal fat tissue suggests ECS. 153 

Lymph Node yield (LNY): 

In the recent studies the lymph node yield (LNY) and lymph node ratio (LNR) 

has gained popularity as a reliable predictor of regional recurrence and disease-

specific survival in oral SCC. 154 Studies have defined LNY as “the number of lymph-

nodes harvested in ND.” This factor forms and important basis for calculating lymph-

node ratio which is defined as “the ratio of number of positive nodes to the number of 

lymph-nodes harvested”. This factor represents the level of CLNM, extensiveness of 

the ND, requirement of adjuvant therapy and prognosis. 155 Although LNR and LNY 

have been validated as a marker of prognosis, their accurate estimation can vary with 

respect to the field of ND, experience of the pathologist and built of the patient. 156 

The existing studies in the literature on LNY and LNR are based on oral cavity SCC 

without specifying the subsite of the disease.155, 157 Also, there is paucity of studies on 

Indian population regarding the adequacy of LNY for faultless nodal staging 

postoperatively and estimation of LNR.  
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JUSTIFICATION OF THE STUDY 

Among the various subsites of SCC of oral cavity occurring worldwide, SCC 

of the mandibular GBC is a unique malignant disease of oral cavity in India. 6, 7 It is 

associated with abuse of chewable forms of tobacco and betel nut and affects working 

age group most commonly. 6 The treatment of this disease is surgery which includes 

ND, resection of the primary tumor with clear margins, reconstruction of the surgical 

defect and adjuvant therapy depending on the final histopathology of the tumor. 6, 7, 26 

ND is an essential component of the surgical therapy for mandibular GBC-

SCC like any other subsite of oral SCC.  Although CLNM is a major survival and 

outcomes determinative in mandibular GBC-SCC, it tends to occurs less frequently in 

lateralized cases, in comparison to oral tongue and floor mouth SCC.7, 26, 129 In most 

of the cases of mandibular GBC-SCC the CLNM is reported to occur in a foreseeable 

manner, unlike other subsites, affecting mainly the level I, II and less frequently level 

III lymph-nodes. 7 

Most of the current literature on presence of CLNM and extent of ND is based 

on Western literature with predominance of unspecified oral sub-sites, tongue and 

floor mouth SCC, which necessitates aggressive ND unlike mandibular GBC-SCC.12, 

20, 23, 24 Also, less importance is given to mandibular GBC-SCC in these studies. 

Furthermore, the available evidence is based on retrospective studies that lack 

accuracy and uniformity in defining subsite-specific oral SCC, the extent of ND 

performed, the number of lymph-nodes evaluated, the methods of grossing of the 

specimen, the clinico-pathological factors studied and methods used for their 

estimation. 7, 26, 129 The drawbacks in the existing literature justify the need for 
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 prospective assessment of extent of CLNM in mandibular GBC-SCC and possible 

modifications in the ND in dealing with such type of cancer, based on the knowledge 

of extent of CLNM, that can be oncologically safe and less morbid to our patients.  

The LNY has emerged as a reliable prognostic-marker in various malignant 

disorders that affect mankind.154 This factor has been defined in the current literature 

depending on the organ affected by the cancer and field of lymph-node dissection, so 

as to improve the accuracy of staging which in turn is mandatory for planning 

adjuvant therapy.155, 156 As per previous studies, LNY tends to differ depending on the 

field of ND, surgeon, pathologist, race and built of the patient. 156, 157 However, there 

is paucity of literature with regards to LNY in cases with mandibular GBC-SCC. The 

number of CLNS to be harvested from specimens of ND in patients with mandibular 

GBC-SCC for accurate pN staging has not been defined so far. The need to find 

minimal number of lymph-nodes to be studied for optimal pN staging has to be 

established in mandibular GBC-SCC, which justifies this study. The CLNM in oral 

SCC is influenced by various clinico-pathological factors like tumor size, tumor 

thickness, histological grading, peri-neural spread and lympho-vascular emboli. 35, 36, 

89, 121, 123 The existence of most of these factors, if not all, will be known to the 

operating surgeon before performing ND on patients with mandibular GBC-SCC. The 

association of these clinico-pathological factors with the CLNM needs to be studied in 

patients with mandibular GBC-SCC in order to provide guidelines in decision-making 

regarding the extent and adequacy of ND. The T-size in mandibular GBC-SCC can 

vary depending on extent of tumour and infiltration into mandibular bone or 

surrounding soft tissue like skin and/or muscles.7, 35, 26 Its influence on degree of 

CLNM requires to be investigated. This can help in deciding the extent of ND pre- 



Justification of the Study 
 

Page 31 

 

operatively. Currently TTh is a valid marker of CLNM in head-neck SCC. 122 The 

accurate estimation TTh in mandibular GBC-SCC can be affected by proximity of this 

subsite to bone and at times, major portion of the tumor being intra-bony. 127 

However, the gross TTh into the soft-tissues is measurable intraoperatively by the 

surgeon after resection of the tumour. The extent of role played by this soft tissue 

gross TTh in influencing the CLNM needs to be ascertained, especially to the lymph-

nodes at levels IV and level V. The surgeon can clear these levels if they are found to 

be influenced by intra-operative gross TTh or can avoid unnecessary dissection which 

would otherwise entail dissection of level IV and level V with associated shoulder 

morbidity. Studies have shown that LVE and PNI are potential determinants of 

prognosis and need for adjuvant therapy in HNC. 35, 130 Although, these factors will be 

known to the surgeon only after resection, following final histopathologic reporting, 

their incidence in mandibular GBC-SCC in our patients and their influence on CLNM 

requires to be assessed in order to validate their importance, plan for adjuvant therapy 

and explain the prognosis to the patients. 

There is a need to establish reliable pre-operative and intra-operative clinico-

pathologic factors that can independently help a surgeon in deciding the extent of ND, 

without adding to the cost of therapy to the patients and yet providing oncologically 

safe and reliable practice of ND.     
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RESEARCH PROBLEM 

� Extent of CLNM in primary mandibular GBC- SCC and its association with 

clinico-pathologic factors 

� Suggesting possible modifications for extent of ND in mandibular GBS-SCC 

 

AIM AND OBJECTIVES 

Evaluate the pattern of CLNM due to primary SCC of mandibular GBC and 

study its association with clinico-pathologic variables. The pattern refers to 

involvement of lymph nodes at different levels in the neck by the primary mandibular 

GBC-SCC.  

� To study the involvement of lymph-nodes at various levels in the neck from 

primary mandibular GBC-SCC. 

� To quantify the number of lymph-nodes that are harvested in a comprehensive 

ND (level I-level V) for mandibular GBC-SCC. 

� To study the association of CLNM in mandibular GBS-SCC with clinico-

pathologic characteristics namely: T-size, involvement of bone, HD, PNI and 

LVE. 

� To suggest possible modifications for extent of lymph-node dissection in 

patients with primary mandibular GBC-SCC. 
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MATERIALS AND METHODS 

Study design: Prospective Observational study 

Definition of subsite: The mandibular GBC was defined in this study as a subsite in 

oral cavity comprising of Gingivo-buccal sulcus (GBS), buccal mucosa, buccal 

mandibular gingiva and retromolar trigone as shown in photograph 3. 

Inclusion Criteria: 

1. Patients with lateralized GBC lesions, not crossing midline of the oral 

cavity (photographs 4A and 4B). 

2. Patients with confirmed histopathologic diagnosisof SCC of  

mandibular GBC who underwent level I to level V NDs. 

3. Patients with clinically node positive necks. 

4. Patients with large size defect at primary GBC tumor-resection site 

necessitating pectoralis major myo-cutaneous (PMMC) flap for 

reconstruction. 

5.  Patients that accept to undergo curative surgery. 

6.  Patients fit for surgery as a curative therapy. 

Exclusion Criteria: 

1. Patients with clinically node-negative neck (cN0) and selective ND.  

2. Patients who have undergone previous treatments (surgery, radiotherapy/ 

chemotherapy). 

3. Patients in whom level I to level V nodal clearance was not done or was 

not advised.  
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4. Patients who were unfit or reluctant for surgical therapy. 

5. Patients with oral SCC presenting with unspecified subsite.  

Study sample: the patients meeting the inclusion criteria that were operated at KLE 

Dr Prabahkar Kore Hospital and Medical Research Centre, Belagavi, and Karnataka 

Cancer Therapy and Research Institute, Navanagar, Hubbballi were included in this 

study. 

Ethical clearance from institutional board was obtained before commencing 

this study. This study was conducted between June 2014 to December 2015. The 

patient’s clinical data, findings on imaging, intra-operative findings, measurements 

after resection of the tumor and histological findings after formalin fixation of the 

specimen were noted.  

Data Collection-the data on following aspects were collected: 

1. Clinical details: patients’ demographic details (Name, Age, Gender, 

Contact Details). 

2. Tobacco and/or alcohol Habits: Type of tobacco product abused, duration 

and frequency of habits. 

3. Details of clinico-radiological examination: clinical location and extent of 

tumor, involvement of adjacent structures (Skin/bone/Muscle/), trismus, 

paresthesia and presence of potentially malignant disorders and lymph 

node status (Photographs 5A to 8A). 

4. Preoperative biopsy report revealing histological differentiation of the 

tumor.  

5. Clinical TNM staging as per AJCC 2009 (7th edition) manual 158 
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6. Intra-operative details (following resection of the tumor and neck 

dissection): length and breadth of tumor, gross tumor thickness, type of 

resection (composite or bite composite), type of neck dissection and 

sacrifice of extra-lymphatic structures, and number of CLNS harvested per 

level. 

7. Details in final histopathology: 

a) Primary Tumor Related: pT size, histological differentiation, Gross Tumor 

Thickness, Medullary bone invasion, LVE and PNI 

b)  Cervical Node Related: pN status, Number of positive nodes, level of 

positive nodes, LNY and ECS. 

Standard Operating Procedure (SOP): 

1. In-continuity, en-block NDs were done starting from level V to level I as per 

oncologic principles (Photograph 9A to 11). 

2. The sternocleidomastoid muscle was sacrificed to facilitate inset of PMMC 

flap. Therefore, the nodal levels adjacent to this muscle namely level V B, 

Level V A, level IV, level III, level II B and level II A were included in the 

ND specimen, in addition to level I. This facilitated clearance of all these 

nodal levels and made them available for studying their metastatic 

involvement.   

3. After dissecting each level of lymph-nodes from their anatomic area during 

neck dissection, ligatures were tied to the fibrofatty tissue to demarcate their 

level with number of cut ends of the ligatures denoting each level 

(Photographs 10, 17 and 18). For this, white linen suture ligatures were used 

as follows: 
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4. Table 1: Linen suture ligatures with their cut ends denoting the nodal levels 

after dissection from their anatomical territory. 

Number of cut ends Nodal level 

Seven V B 

Six V A 

Five IV 

Four II B 

Three III 

Two II A 
 

5. Level I A nodes were removed separately during ND and level I B nodes were 

removed along with primary tumor and submandibular gland and hence were 

not suture-ligated (Photograph 17 and 18). 

6. The tail-parotid lymph-nodes were identified as the lymph-nodes around the 

inferior pole of the parotid gland, below a straight-line joining angle of 

mandible and a point corresponding to angle of mandible on the anterior 

border of SCM muscle. It overlies posterior belly of the digastric muscle, at 

the exit of retromandibular vein from the inferior pole of parotid gland. 159 

These lymph-nodes were removed separately and labelled as tail parotid nodes 

(Photographs 12A and 12B).   

7. The resection of primary tumor was done with adequate surgical margins, 

either by midline lip spilt or commissure split approach. The orientation of 

primary tumor was done by passing silk sutures submucosally after palpating 

for submucosal extension of the tumor. The measurements of antero-posterior 

dimension (tumor length) and medio-lateral dimension (breadth) that 
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represents pT size, was done using survey dividers and metric scale, by 

measuring the distance between the sutures (Photographs 14A, 14B, 15A and 

15B). 

8. Measurement of gross TT: following resection of the tumor, the mucosal 

surface of the specimen was fixed on the flat board. The induration denoting 

the lateral extent of tumor (soft tissue infiltration) was palpated from the 

external surface. At the point of palpable induration, a cut was made at right 

angle to the horizontal axis of the specimen through overlying soft tissue and 

tumor up to the mucosa. The gross TT was measured from mucosal surface to 

the inferior-most point of infiltration of tumor into the soft tissue, using survey 

divider and metric scale. In cases where the induration was impalpable or the 

tumor infiltration into lateral soft tissues was apparently uniform, multiple 

perpendicular cuts at a distance of 0.5 cm were made through overlying soft 

tissue and section showing maximum depth was considered as gross TT 

(Photographs 16A and 16B).  

9. After resection of the tumor, the surgical bed was washed thoroughly with 

saline and betadine, hemostasis achieved and reconstruction done according to 

the defect by reconstruction team (Photograph 13). 

10. The levels of lymph-nodes were identified by the suture ligatures tied and 

were separated from the main specimen. These were transferred to containers 

filled with 10% buffered formalin for 48 hours fixation (Photograph 17              

and 18). 

11. The lymph-nodes were harvested from each nodal level after 48 hours of 

formalin fixation of the fibrofatty tissue. The CLNS were identified by 

inspection and palpation, and were separated from the fibro-fatty tissue with 
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the capsule.  The harvested CLNs were preserved in 10% buffered-formalin 

for further processing (Photographs 19A to 20). 

12. In case of obvious ECS (spread through the full thickness of node capsule) 

during processing, the lymph-nodes and area of fixity to them were processed 

en-block. Such nodes were sectioned transversely and their size and level of 

fixity to surrounding structures were noted (Photographs 22A, B and C).  

13. The transected specimens were sutured back and immersed in bottled 

containing 10% buffered formalin. The grossing of specimens was done after 

48 hours of formalin fixation.       

 

Method of grossing the specimen: 

The grossing method was on the basis of protocol established and validated by 

the “Royal College of Pathologists, Standards and datasets for reporting head and 

neck cancers (December 2011)”160 

At each anatomical level of CLNS, the total number of lymph-nodes and the 

number of positive-nodes per level were noted.  For lymph-nodes over 2mm-size, 

sections were made across the long axis of the lymph-node. For lymph-nodes which 

are less than 2mm in size, transverse sections were made. Four µm sections of all 

lesional and lymph-nodes sections were stained by routine Hematoxylin and Eosin 

staining. 

The following pathological details were obtained after microscopic examination 

of the specimens: 

� Histological grade: well/moderate/poor 

� Involvement of bone 

� Perineural invasion 

� Lympho-vascular emboli 
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The data on CLNS were tabulated with the following information and analysis of the 

lymph-nodes were done as per the following format proposed by the “Royal College 

of Pathologist”160:  

Table 2: Format for data collection with regards to nodal characteristics 

 

 

Histologic grading (Table x):  

The degree of similarity of tumour cells to normal epithelium as per the 

descriptions proposed by WHO classification was used.161 As per this method, the 

most aggressive area seen in 100x magnification field was graded as well, moderate 

and poorly differentiated. The other microscopic factors that were considered in 

identification of the histologic differentiation were based on the descriptions proposed 

by Bryne et al and this included degree of keratinization, cellular and nuclear 

pleomorphism, mitotic activity, pattern of invasion and host immune response. 

(Photograph 24) 

Pattern of Invasive front:  162 

The histological differentiation of the tumour at the invasive-front was noted. 

The invasive front was identified at tumour stroma interface as proposed by Odell EW 

et al (Photograph 24). 

Nodal levels submitted IA IB IIA  IIB  III  IV  VA VB PAROTID NODES 

No. of nodes per level          

No. of positive nodes          

ECS          

Total          
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Lympho-vascular Emboli (LVE): 

LVE was identified as “presence of malignant cells within the lumen of blood 

vessels and/ or lymphatics.”35 This finding occurring in thin walled vessels, with 

presence of tumour cells in the clear spaces completely lined by endothelial cells was 

noted. 

Perineural Invasion (PNI): 

The invasion into the perineural space ahead of the invasive front of the 

carcinoma was noted. The size of the nerve was not considered while detecting PNI 

and invasion of any sized nerve structure ahead of invasive front was considered as 

positive PNI as suggested by Binmadi NO et al. 164 (Photograph 23) 

Table 3: Guidelines of identifying histological front and HD 

Morphologic Feature 1 2 3 4 

Degree of 
keratinization 

Highly 
keratinized 

(>50% of the 
cells) 

Moderately 
keratinized        

(5-20% of the 
cells) 

Minimal 
keratinisation 
(5-20% of the 

cells) 

No keratinisation 
(0-5%) 

Nuclear 
polymorphism 

Little nuclear 
polymorphism 
(>75% mature 

cells) 

Moderately 
abundant (50-
75% mature 

cells) 

Abundant 
nuclear              
(25-50% 

mature cells) 

Extreme nuclear 

(0-25% mature 
cells 

No. of mitoses 0-1 2-3 4-5 >5 

Pattern of invasion Pushing, well 
delineated 
infiltrating 

borders 

Infiltrating, solid 
cords, bands and 

or strands 

Small groups 
or cords of 
infiltrating 

cells (n > 15) 

Marked and 
Cellular 

dissociation 
(n<15) and or in 

single cells 

Host response * Marked Moderate Slight None 
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Host response*: Lympho-plasmacytic Infiltrate. Bryne’s (ITF) Invasive Tumor 

Front Grading System163 

Bone Invasion: 

The findings of presence or absence of bone erosion in the CT images were 

confirmed in the final histopathology.  The bone erosion was assessed preoperatively 

with plain and contrast CT scans with 1mm cuts. In case of questionable bone 

infiltration by tumor on CT images, the findings in the final histopathologic 

examination was considered reliable.  The nature of infiltrative front was assessed to 

evaluate if it was infiltrative or erosive. Only the cases showing diffuse infiltration 

into the medullary bone in the final histopathology were considered positive bone 

erosion. The cases with non-invasive cortical erosion were considered negative for 

bone erosion. 165 (Photograph 21A and B) 

Sample size calculation: 

� Sample size: 130 cases, hospital-based samples 

� The sample size calculation is as follows: 

n = Z2
1 –α/2pq/d2  

Z2
1 –α/2=1.96 N (0, 1) 

p=prevalence 17.99% N2, N3 

               q= 100-p 

               d= allowable error 

              Recommended 130 Cases 
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Protection of Human Subjects 

The present study involves human subjects. The study protocol was 

implemented after ethical board clearance from institutional ethical board.  

Methods of statistical analysis: 

The data was entered in the Microsoft Excel Sheet after coding to enable 

statistical analysis. The level of CLNM was divided into two categories. The first 

category comprised of patients with node negative and single level I metastasis. The 

second category consisted of patients with multiple level lymph node metastases.  

After completing the data entry, manual checking was conducted separately for each 

parameter to minimize the data entry error. The statistical analysis was done using 

SPSS version 20 software (SPSS Inc, Chicago IL). For all the tests, the p-value less 

than 0.05 was considered statistically significant. 

Statistical tests used: 

1. Descriptive statistics was used to evaluate frequencies and percentages.  

2. Chi-square test was used for analogy of clinico-pathological variables. 

3. Logistic regression: the relationship between various clinico-pathological 

dependent variables and levels of positive node as independent variable was 

analyzed using logistic regression test to estimate the probabilities and predict 

the likelihood of their contribution in multi-level lymph node metastases.   

4. Receiver Operating Characteristic (ROC) curve: The predictors of 

multilevel lymph node metastasis obtained after logistic regression were 

further analyzed to evaluate their sensitivity and specificity using ROC curves.  
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In the usual logistic regression model, all variables were taken. The multiple 

logistic regression was applied and the significant factors were obtained. The 

significant factors were re-analyzed using stepwise logistic regression 

analysis.  
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PHOTOGRAPHS 

 

 

 

 

 

 

 

 

1: Structure of a lymph-node 

 

 

 

 

 

 

 

 

 

 

 

2: Distribution of Regional lymph tissue in humans 
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3: Normal GBC 
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4A and 4B: Typical SCC of Mandibular GBC included in the study. 
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5A: Suspected gross bone erosion clinically in a patient with Mandibular GBC- SCC 

 

 

 

 

 

 

 

 

 

 

 

 

5B: Gross bone erosion confirmed by Contrast Enhanced CT images 
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6A and 6B: A patient with trismus and skin infiltration by primary GBC-SCC 
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7A: A Patient (XYZ) with left GBC-SCC  

 

               7B: Palpable left level IB node        

 

7C: Node Positivity of left level 
IB node in Patient (XYZ) 
confirmed CECT imaging 
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8A: A patient (ABC) with SCC of left mandibular GBC-SCC. 

  

 

8B: Neck incisions for level I-V clearance and palpable Left level IB node. 
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9A: Defining the limits of ND field and nodal levels 

 

9B: Preparing to dissect level VA and VB nodes with spinal accessory nerve under 

vision (Haemostat pointing at level VB node) 

SCM 

Trapezius 

SCM 

Level VB Node 
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10: Lower end of SCM muscle sacrificed and level IV nodes being dissected from 

their territory with suture ligatures denoting their identity 
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11: Dissection of other nodal levels 

 

 

 

 

 

 

 

 

 

 

 

12A: Identification of tail parotid nodes 

 

Angle Mandible 

Mastoid Tip 
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12B: Tail parotid nodes overlying posterior digastric muscle along the exit of 

retromandibular vein. 

13: Completion of en-block MND II with resection of tumor. 

IJV 

SAN 
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14A: Measurement of T- length 

 

 

 

 

 

 

 

 

 

 

14 B: T-length measured 2.3 cm 
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15A: T-breadth measurement 

 

 

 

 

 

 

 

 

 

15B: T-breadth measured 1.4cm 
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16A: Measurement of GTT- black silk sutures used to ensure measurement between 

fixed points 

 

 

16B: GTT measured 0.9 cm 
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17: Orientation of specimen and identification of nodal levels (with reference to Table 1). 

 

 

 

18: Separation of all nodal levels and primary tumor with level IB nodes. 
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19A and 19B: Harvest of nodes from individual levels 48 hours after 10% buffered 

formalin fixation 

 

 

 

 

 

 

 

 

 

 

 

 

 

20: Completion of node harvesting from individual nodal levels with number of nodes 

harvested from each level 
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21A. Gross bone erosion by GBC-SCC 

 

 

21 B: Gross bone erosion evident during grossing of the specimen after 48 hours of 

10% buffered formalin fixation. 
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22A. Extra-capsular spread at level IB in a patient MNO 

 

 

22 B&C: ECS in IB node during grossing evident in histopathological section in 

patient MNO 
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23: Peri-neural Invasion 

 

 

24. Well differentiated tumour with advancing front showing moderate differentiation 
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25. Failure at tail parotid region after therapy for GBC-SCC –such failures seen in our 

previous cases promoted us to include tail parotid nodes in this study 
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RESULTS 

There were 69 (53.1%) patients with age over 50 years and 61 (46.9%) 

patients with <50 years (Table 4). The majority of our study patients were males 106 

(81.5%) and the number of female patients was 24 (18.5%). Sixty-six (50.8%) 

patients had right sided lesions and 64 (49.2%) patients presented with left sided 

lesions (Table 5). Tobacco and arecanut chewing habit were found in approximately 

90% of our patients, followed by alcohol consumption in 41 (31.5%) patients and 

smoking in 23 (17.7%) patients. Ninety-nine (76.2%) patients practiced the habits for 

over 10 years and in 31 (23.8%) patients the duration of habits ranged from 5-10 

years. Twenty-two (17%) patients had all four habits (Table 6).  

When the clinical factors were studied in 130 patients, OSMF was a common 

PMD found in 41 (31.5%) patients followed by leukoplakia and /or leuko-

erythroplakia in 27 (20.8%) patients. Clinically, there was no evidence of PMDs in 62 

(47.7%) patients. Clinico-radiological evidence of masticator space infiltration by the 

tumour was present in 57 (43.8%) patients and no such manifestation was seen in 73 

(56.2%) patients. As per AJCC 2009 nodal staging for oral cancer, 48 (37%) patients 

which was a majority, were clinically N1 staged followed by 45 (35%) patients which 

were clinically N0 staged. In 37 (28.5%) patients the clinical nodal staging was N2 or 

N3. There was clinico-radiological evidence of bone infiltration by the tumour in 43 

(33%) patients whereas bone infiltration by the tumour was absent in 87 (67%) 

patients. Clinically the tumour was found to infiltrate into the skin in 28 (21.5%) 

patients and in 102 (78.5%) cases skin was free of infiltration (Table 7).  

When the tumour size was measured intra-operatively following resection of 

the tumour in 130 study patients, majority of our patients presented with T4 67, 



Results 

Page 65 
 

(51.5%) and T3 28 (21.5%) stages as per AJCC 2009 staging for oral cancer. The 

number of patients with T1 and T2 staged tumors were comparatively less, amounting 

to approximately 13% cases in each category. The GTT measured intra-operatively 

was <1cm in 80 (61.5%) patients and it was over 1cm in 50 (38.5%) patients          

(Table 8).  

When the pathological factors were studied in 130 study patients, 80 (61.5%) 

patients were reported with well to moderate HD of tumour and 50 (38.5%) patients 

were reported with moderate to poor HD. ECS in the lymph-nodes was reported in 25 

(19.2%) patients and it was negative in 105 (81%) patients. LVE and PNI was 

reported histologically in 15 (11.5%) and 28 (21.5%) patients respectively (Table 9). 

When the clinical nodal staging (cN staging) and pathological nodal staging (pN 

staging) were compared in 130 study subjects, among 45 patients that were clinically 

staged as negative for nodal metastasis, 36 patients were positive for nodal metastasis 

pathologically and only 9 patients were reported to be pathologically node-negative. 

Eighty three out of 85 patients that were clinically staged as node-positive were 

confirmed also to have pathological node-positive. Only two patients in clinical node-

positive category were negative for nodal-metastasis on pathological examination 

(Table 10). When Chi-square test was used for studying patients with level of nodal 

metastasis, age was significantly associated with level of positive node (p<0.005). 

Approximately 60% of patients >50 years of age had multi-level lymph-node 

metastasis (Table 11). Laterality of the tumour was insignificantly associated with 

level of positive node on application of Chi-square test (Table 12). When Chi-square 

test was used to study the association of patient’s habits and duration of habits with 

the level of lymph-node metastasis, smoking, alcohol consumption and duration of 

habits over 10 years showed strong evidence of association with level of lymph-node 
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metastasis (p<0.05) and were statistically significant. Fifty six percent of patients with 

multi-level lymph-node metastasis admitted to have practiced deleterious habits for 

over 10 years (Table 13). On studying the association of PMLs with multi-level nodal 

metastasis using Chi-square test, the results were statistically significant (Table 14). 

When Chi-square test was used to study the association of clinical factors and 

level of positive nodes, Clinico-radiological bone erosion, skin infiltration by the 

tumour and infiltration into masticatory space showed strong evidence of association 

with multi-level nodal metastasis and were statistically significant (p<0.001). Eighty 

two percent of patients with multi-level lymph-node metastasis showed tumour 

infiltration into masticator spaces (Table 15). Chi-square test showed strong evidence 

of association of clinical nodal status and level of positive node, which was 

statistically significant with p<0.001. Multi-level lymph-node metastasis was high in 

patients presenting with clinically N2 and N3 nodes (Table 16). Among the 

pathological factors studied, the three pathological factors namely HD on biopsy, 

LVE and PNI were significantly associated with the level of positive nodes (p<0.05) 

as shown in Table 17. Intra-operative T-size and Intra-operative GTT showed strong 

evidence of association with level of positive nodes (Table 18). There was a highly 

significant association with these factors and level of positive nodes (p<0.05). Multi-

level lymph-node metastasis was common in patients with T3 and T4 staged tumors 

(59%) and tumors measuring over 1cm in thickness on gross measurement (88%). Out 

of 130 patients, modified radical neck dissections (Type II MRND) were done in 122 

(94%) patients and radical neck dissections (RND) were done in 8 (6%) patients. In 

the former procedure internal jugular vein and spinal accessory nerve were preserved 

with sacrifice of sternocleidomastoid muscle whereas, in the latter, all three extra-

lymphatic structures were sacrificed. Out of 130 patients, 91 (70%) underwent 



Results 

Page 67 
 

composite resection, 24 (19%) underwent bite composite resection and in 15 (11%) 

marginal mandibulectomy was done (Table 19). When step-wise logistic regression 

was applied for studying the association of clinico-pathological factors (independent 

variables) and level of positive node (dependent variable), the gender, masticator 

space infiltration, clinical nodal status, biopsy (histological differentiation), intra-

operative T-size and GTT which were found to be significantly associated.  Other 

factors were insignificant (Table 20). When ROC test was applied, Masticator space 

infiltration, Intra-operative T-size and Intra-operative GTT were significant predictors 

of multi-level lymph-node metastasis. The Area under curve for masticator space 

infiltration, intra-operative T-size and GTT were 22.2%,62 % and78.6% respectively. 

Among these three factors, intra-operative GTT was found to have higher sensitivity 

and specificity for predicting multi-level nodal metastasis (Table 21). 

The highest number of lymph-nodes were harvested from level IV, level IB 

and level III whereas level VB, level IIB and tail parotid yielded a smaller number of 

nodes (Table 22). In 71 (54.6%) patients tail parotid nodes were absent. Only in 15 

(11.5%) patients they were positive for metastasis (Table 23). 

In 130 patients a total of 3046 lymph-nodes were harvested and studied. The 

mean number of lymph-nodes harvested was 23.61 +5.15 with a range of 14-37 

(Table 24).  
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Table 4: Demographic details of patients. 
 

 

 

 

     

Table 5: Laterality of the tumor in 130 patients with primary mandibular           

GBC-SCC. 

Variable No.  of Patients Percentage (%) 

Side 

Right 

Left 

 

66 

64 

 

50.8 

49.2 

 

 

 

 

 

 

Variable No.  of Patients Percentage (%) 

Age (Years) 

< or equal to 50 

> 50 years 

 

61 

69 

 

46.9 

53.1 

Gender 

Male 

Female 

 

106 

24 

 

81.5 

18.5 
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Table 6: Details of Patient’s deleterious habits. 

 

 

 

Habits No.  of Patients Percentage (%) 

Arecanut chewing 

Yes 

No 

 

123 

7 

 

94.6 

5.4 

Tobacco chewing 

Yes 

No 

 

112 

18 

 

86.2 

13.8 

Smoking 

Yes 

No 

 

23 

107 

 

17.7 

82.3 

Alcohol consumption 

Yes 

No 

 

41 

89 

 

31.5 

68.5 

Duration of Habits 

5-10 Years 

> 10 years 

 

31 

99 

 

23.8 

76.2 
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Table 7: Clinical factors of 130 study patients. 

 

 

 

Clinical Factor No. of Patients Percentage (%) 

Potentially Malignant Disorders 

No PMDs 

Leukoplakia / erythroplakia/ both 

OSMF 

 

62 

27 

41 

 

47.7 

20.8 

31.5 

Masticator Space Infiltration 

Present 

Absent 

 

57 

73 

 

43.8 

56.2 

Clinical Nodal Status 

cN0 

cN1 

cN2 

cN3 

 

45 

48 

16 

21 

 

34.61 

36.92 

12.30 

16.15 

Clinico-radiological Bone erosion 

Yes 

No 

 

43 

87 

 

33.1 

66.9 

Skin infiltration 

Present 

Absent 

 

28 

102 

 

21.5 

78.5 
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Table 8: Intra-operative factors measured during surgery in 130 study patients. 

Intra-operative factor No. of Patients Percentage (%) 

T size 

T1 

T2 

T3 

T4 

 

18 

17 

28 

67 

 

13.84 

13.07 

21.53 

51.53 

Gross Tumour Thickness 

< or equal to 1 cm 

> 1cm 

 

80 

50 

 

61.5 

38.5 
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Table 9: Pathological factors of 130 study patients. 

 

 

 

 

 

 

 

 

 

 

 

Table 10: Clinical and pathological nodal status in 130 study subjects. 

 pN0 pN+ Total 

cN0 9 36 45 

cN+ 2 83 85 

Total 11 119 130 

 

 

Pathological factor No. of patients Percentage (%) 

Biopsy 

Well to moderate differentiation 

Moderate to poor differentiation 

 

80 

50 

 

61.5 

38.5 

Extracapsular spread 

Present 

Absent 

 

25 

105 

 

19.2 

80.8 

Lympho-vascular emboli 

Present  

Absent 

 

15 

115 

 

11.5 

88.5 

Perineural invasion 

Present 

Absent  

 

28 

102 

 

21.5 

78.5 



Results 

Page 73 
 

Table 11: Demographic details and their association with level of positive nodes. 

* statistically significant (p<0.05) 

 

Table 12: Laterality of the tumour and its association with level of positive node. 

 

 

 

 Level of positive node  

Total 
(n=130) 

 

Chi-
square 
value 

 

p-
value 

 

df cases with N0 or 
level I metastasis 

(N1) 

Cases with 
multilevel nodal 

metastasis 

Age (Years) 

< or equal to 50 

> 50 years 

 

36 (59%) 

28 (40.6%) 

 

25 (41%) 

41(59.4%) 

 

61 (100%) 

69 (100%) 

 

 

4.40 

 

 

0.027* 

 

 

1 

Gender 

Male 

Female 

 

49 (46.2%) 

15 (62.5%) 

 

57 (53.8%) 

9 (37.5%) 

 

106 (100%) 

24 (100%) 

 

2.07 

 

0.112 

 

1 

 

Laterality of 
the tumour 

Level of positive node  

Total 
(n=130) 

 

Chi-square 
value 

 

p-
value 

 

df cases with N0 or level 
I metastasis (N1) 

Cases with 
multilevel nodal 

metastasis 

Side 

Right 

Left 

 

32 (48.5%) 

32 (50%) 

 

34 (51.5%) 

32 (50%) 

 

66 (100%) 

64 (100%) 

 

 

0.030 

 

 

0.501 

 

 

1 
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Table 13: Habits and their association with level of positive nodes. 

 

 

* Statistically significant (p<0.05) 

 

 Level of positive node  

Total 
(n=130) 

 

Chi-
square 
value 

 

 

p-
value 

 

 

df 

cases with N0 
or level I 

metastasis (N1) 

Cases with 
multilevel nodal 

metastasis 

Arecanut Chewing 

Yes 

No 

 

62 (50.4%) 

2 (28.6%) 

 

61 (49.6%) 

5 (71.4%) 

 

123(100%) 

7 (100%) 

 

1.26 

 

0.233 

 

 

1 

Tobacco Chewing 

Yes 

No 

 

54 (48.2%) 

10 (55.6%) 

 

58 (51.8%) 

8 (44.4%) 

 

112 (100%) 

18 (100%) 

 

0.334 

 

0.373 

 

1 

Smoking 

Yes 

No 

 

7 (30.4%) 

57 (53.3%) 

 

16 (69.6%) 

50 (46.7%) 

 

23 (100%) 

107 (100%) 

 

3.95 

 

0.038* 

 

1 

Alcohol 
Consumption 

Yes 

No 

 

 

14 (34.1%) 

50 (56.2%) 

 

 

27 (65.9%) 

39 (43.8%) 

 

 

41 (100%) 

89 (100%) 

 

 

5.45 

 

 

0.016* 

 

 

1 

Duration of Habits 

5-10 Years 

>10 Years 

 

21 (67.7%) 

43 (43.4%) 

 

10 (32.3%) 

56 (56.6%) 

 

31 (100%) 

99 (100%) 

 

5.58 

 

0.015* 

 

1 
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Table 14: Potentially Malignant Disorders and their association with level of positive 

nodes. 

 

* statistically significant (p<0.05) 

 

 

 

 

 

 

 

Potentially Malignant 
Disorders (PMLs) 

Level of positive node  

 

Total 
(n=130) 

 

Chi-
square 
value 

 

p-
value 

 

df cases with N0 or 
level I metastasis 

(N1) 

Cases with 
multilevel 

nodal 
metastasis 

No PMLs 23 (37.1%) 

28 (40.6%) 

39 (62.9%) 

41(59.4%) 

62 (100%) 

69 (100%) 

11.48 0.003* 2 

Leukoplakia/ 
Erythroplakia/Leuko-

erythroplakia 

12 (44.4%) 

15 (62.5%) 

15 (55.6%) 

9 (37.5%) 

27(100%) 

24 (100%) 

Oral Submucous 
Fibrosis 

29 (70.7%) 12 (29.3%) 41 (100%) 
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Table 15: Clinical factors and their association with level of positive nodes. 

* statistically significant (p<0.05) 

 

 

 

 

 

Clinical factors Level of positive node  

 

Total 
(n=130) 

 

Chi-
square 
value 

 

p-
value 

 

df cases with N0 
or level I 

metastasis (N1) 

Cases with 
multilevel 

nodal 
metastasis 

Trismus 

Present 

Absent 

 

33 (52.4%) 

31 (46.3%) 

 

30 (47.6%) 

36 (53.7%) 

 

63 (100%) 

67 (100%) 

 

 

0.485 

 

 

0.301 

 

 

1 

Masticator Space 
Infiltration 

Present 

Absent 

 

 

10 (17.5%) 

54 (74%) 

 

 

47 (82.5%) 

19 (26%) 

 
57 (100%) 

73 (100%) 

 

 

 

40.77 

 

 

 

0.000* 

 

 

 

1 

Clinico-radiological 
bone erosion 

Present 

Absent 

 

 

13 (30.2%) 

51 (58.6%) 

 

 

30 (69.8%) 

36 (41.4%) 

 

 

43(100%) 

87 (100%) 

 

 

 

9.27 

 

 

 

0.002* 

 

 

 

1 

Skin Infiltration 

Present 

Absent 

 

3 (10.7%) 

61 (59.8%) 

 

25 (89.3%) 

41 (40.2%) 

 

28 (100%) 

102 (100%) 

 

 

21.1 

 

 

0.000* 

 

 

1 
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Table 16: Clinical nodal status and level of positive nodes in N0, early and advanced 
CLNM 

* statistically significant (p<0.05) 

Table 17: Pathological factors and their association with level of positive node. 
 

 

* statistically significant (p<0.05) 

Clinical N status and 
levels of positive nodes 

Level of positive node  

 

Total 
(n=130) 

 

Chi-
square 
value 

 

 

p-
value 

 

 

df 

cases with N0 
or level I 

metastasis (N1) 

Cases with 
multilevel nodal 

metastasis 

cN0 and cN1 

cN2 and cN3 

62 (66.7%) 

2 (5.4%) 

31 (33.3%) 

35 (94.6%) 

93 (100%) 

37 (100%) 

 

39.7 

 

0.000* 

 

1 

Pathological  

factors 

Level of positive node  

 

Total 

(n=130) 

 

Chi-

square 

value 

 

p-

value 

 

df cases with N0 

or level I 

metastasis (N1) 

Cases with 

multilevel 

nodal 

metastasis 

Biopsy 

Well-Moderate 

Moderate -Poor 

 

48 (60%) 

16 (32%) 

 

32 (40%) 

34 (68%) 

 

80 (100%) 

50 (100%) 

 

 

9.65 

 

 

0.002* 

 

 

1 

Extra-capsular Spread 

Present 

Absent 

 

0 (0%) 

64 (61%) 

 

25 (100%) 

41 (39%) 

 

25 (100%) 

105 (100%) 

 

 

30.01 

 

 

0.000* 

 

 

1 

Lympho-Vascular 

Emboli 

Present 

Absent 

 
 

4 (26.7%) 

60 (52.2%) 

 
 

11 (73.3%) 

55 (47.8%) 

 
 

15 (100%) 

105 (100%) 

 

 
 

3.45 

 

 
 

0.055 

 

 
 

1 

Perineural Invasion 

Present 

Absent 

 

5 (17.9%) 

59 (57.8%) 

 

23 (82.1%) 

43 (42.2%) 

 

28 (100%) 

102 (100%) 

 

 

14.015 

 

 

0.000* 

 

 

1 
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Table 18: Intra-operative factors and level of positive node. 

* statistically significant (p<0.05) 

Table 19: Details of surgery in 130 patients with primary mandibular GBC-SCC. 

 

 

 

 

 

 

 

 

 

 

 

 

Intra-operative Factors 

Level of positive node  

Total 
(n=130) 

 

Chi-
square 
value 

 

p-
value 

 

df cases with N0 or 
level I 

metastasis (N1) 

Cases with 
multilevel nodal 

metastasis 

Intra-operative T size 

T1 and T2 

T3 and T4 

 

25 (71.4%%) 

39 (41.1%) 

 

10 (21.6%) 

56 (58.9%) 

 

35 (100%) 

95 (100%) 

 

 

9.442 

 

 

0.02* 

 

 

1 

Intra-operative gross 
tumour thickness 

< or equal to 1cm 

>1cm 

 

 

58 (72.5%) 

6 (12%) 

 

 

22 (27.5%) 

44 (88%) 

 

 

80 (100%) 

50 (100%) 

 

 

 

45.06 

 

 

 

0.000* 

 

 

 

1 

Surgical therapy in 130 study patients No. of patients Percentage 

Type of Neck Dissection 

MND II * 

RND* 

 

122 

8 

 

94% 

6% 

Type of Primary Resection 

Composite resection 

Bite Composite resection 

Marginal Mandibulectomy 

 

91 

24 

15 

 

70% 

19% 

11% 
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Table 20:Results of step-wise logistic regression for studying the association of 
clinico- pathological factors (independent variables) and level of positive node 

(dependent variable). 

Clinico-patholoical 
factors 

B SE Wald df Sig. Exp (B) 95% C.I.for 
EXP(B) 

Lower Upper 

Gender 2.766 1.387 3.977 1 0.046 15.902 1.049 241.161 

Masticatory space 
Infiltration 

-2.593 1.053 6.060 1 0.014 0.075 0.009 0.589 

Clinical Nodal 
Status 

4.054 1.329 9.299 1 0.002 57.635 4.256 780.415 

Biopsy 1.396 0.737 3.591 1 0.058 4.040 0.953 17.119 

Intra-operative 
Gross Tumour 

Thickness 

2.361 0.894 6.972 1 .008 10.604 1.838 61.186 

Intra-operative T 
size 

1.723 0.343 25.182 1 0.019 5.600 0.523 0.716 

B: Coefficient for the constant (Intercept) 

SE: Standard error around the coefficient for the constant 

Wald and Sig: Wald chi-square test for null hypothesis that constant is 0 and Sig is           
p-value 

df: Degree of freedom for Wald chi-square 

Exp (B): Exponentiation of the B coefficient (Odds ratio) 

95% CI for Exp (B): Confidence Interval (95%) for Exp (B) 
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Table 21: Results of ROC test for studying the association of clinico-pathological 

factors (independent variables) and level of positive node (dependent variable). 

 

Photograph 26: The ratio of number of positive-nodes (coloured fonts) and number 
of nodes harvested from each nodal level (LNR) in 130 patients with primary 

mandibular GBC-SCC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Result 
Variable(s) 

Area Std. Error Asymptotic 
Sig. 

Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

Masticator space 
infiltration 

.222 .042 .000 .139 .305 

Intra-op T size 
final 

.620 .049 .019 .523 .716 

Intra op TT .786 .042 .000 .705 .868 
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Table 22: Distribution and reference range of nodes at each level in 130 patients with 

primary mandibular GBC-SCC. 

 
 

Table 23: the status of tail parotid nodes in 130 patients with primary mandibular 

GBC-SCC 

 

 

 

Nodal levels submitted IA IB IIA IIB III IV VA VB Parotid Nodes 

No. of nodes per level 

Total 

 

339 

 

474 

 

343 

 

248 

 

459 

 

483 

 

367 

 

246 

 

81 

Average 2.61 3.65 2.64 1.90 3.53 3.72 2.82 1.89 0.62 

Median 3 3 3 2 4 4 3 2 0 

Range 1-5 1-8 1-5 1-4 1-6 1-8 1-6 0-2 0-3 

No. of positive nodes 96 187 92 41 43 17 7 3 15 

ECS 0 25 0 0 0 0 0 0 0 

Parotid Nodes Frequency Percentage 

Absent 71 54.6% 

Negative 44 33.8% 

Positive 15 11.5% 
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Table 24: Details of Lymph node yield (LNY) in 130 patients with primary 

mandibular GBC-SCC. 

Descriptive statistics Lymph node yield (LNY) 

Total number of patients 130 

Mean + Std Dev 23.61 +5.15 

Range 14-37 

Median 23 
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Graph 1 
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Graph 3 
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Graph 5 
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Graph 7 
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Graph 9 
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Graph 11 (GTT: Gross Tumour Thickness) 

 

 

Graph 12 
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Graph 13 

 

 

Graph 14 
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Graph 15 
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DISCUSSION 

Buccal mucosal SCC has been studied extensively in the last decade owing to 

its propensity to spread into adjacent anatomical structures, wide-gamut of clinical 

behavior and requirement for aggressive therapy to achieve loco-regional control and 

long-term disease-free survival.167, 168 This malignancy is reported to have significant 

recurrence rates in spite of comprehensive therapy. 167-169 Also, the incidence of 

buccal SCC when compared to other subsites of oral SCC is found to increase.168, 169 

The typical spread of buccal SCC into mandibular GBC is a common 

presentation in the Indian population given the high prevalence of tobacco and 

arecanut abuse.5,6 More importantly, prolonged contact with the carcinogens present 

in tobacco and arecanut that are held in the gingivo-buccal sulcus (GBS) by abusers is 

known to bring about various genetic changes in the mucosa and promote this typical 

extent of the tumour.170-173 

Buccal SCC is known to behave aggressively due to its proximity to adjacent 

soft and hard tissues, tendency to spread into these tissues and few anatomical barriers 

for the spread.172 Once the tumour manifests in the GBS, it can spread into para-

mandibular space, lower border of mandible, along buccal mucosa to upper gingivo-

buccal sulcus, posteriorly to retromolar trigone, masseter muscle and masticator 

space, and medially to involve mandibular bone and floor of mouth. Laterally the 

tumour can involve buccal space and infiltrate skin. 172-173 

The loco-regional control rates of buccal SCC depend on the stage at 

diagnosis, depth of infiltration, extent of CLNM and infiltration into the surrounding 

structures 6, 7. Most of the cases of mandibular GBC-SCC are known to present in 

locally advanced stage in contrast to other subsites of oral SCC.7, 26 
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These factors also determine the need for aggressive therapy and 

reconstruction of the defects. However, despite aggressive therapy the mandibular 

GBC-SCC has shown poor loco-regional control rates. 26 

Studies on mandibular GBC-SCC with large sample size have shown that 

these malignancies are known to recur regionally, even after definitive therapy. The 

regional recurrence rates are 7.5% to 32%, and are reported at the upper-

jugulodigastric, posterior triangle and parotid lymph-nodes.7, 30 The results of 

previous studies and our own experience at tertiary referral center have shown that 

often the regional recurrences are non-salvageable and even if salvaged the disease-

free survival is poor. With this background, we intended to study the pattern of 

CLNM in mandibular GBC-SCC and characteristics of primary tumour that contribute 

to type and extent of CLNM.  

SCC of the mandibular GBC is found to occur in middle age patients in 

majority, although studies comprising of cases with younger age group have been 

reported.7, 26, 30 The age of patients ranged from 22-80 years in our study which was 

similar to a study conducted on buccal mucosal carcinoma involving 100 patients. 174 

In other studies, comprising of larger number of mandibular GBC-SCC patients, the 

age range was wider to include more of elderly patients with maximum age limit of 

85 years, although the minimum age reported in these studies remained similar to our 

study. 7, 26 The age was again independent of the disease stage in the reported studies. 

Unlike studies that included mandibular GBC-SCC at all T-stages, in a study that 

included only locally advanced disease showed that the age remained in the range of 

21-90 years. This shows that most of the studies including ours have considered all 
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the patients diagnosed with mandibular GBC-SCC that were operable and patients 

had good general condition, even though co-morbidities were present.  

When we looked at the distribution of patients with a reference range of age, it 

was found in our study that there was approximately equal distribution of patients that 

were <50 years and patients that were > 50 years. The number of patients over the age 

of 50 years was on a higher side in the reported studies on mandibular GBC-SCC. 7,8, 

26, 30 

In contrast to tongue and other oral subsites of primary SCC, SCC of GBC is 

reported to occur at an advanced age.175, 176 The highest number of cases of SCC of 

oral tongue have been reported to occur below the age of 45 years, in the western 

literature. Likewise, the age of first primary tumour involving mandibular GBC does 

not seem to be of a prognostic value in contrast to tongue SCC, in view of its reported 

occurrence in patients >65 years of age as reported by SEER data. 177 

Although the association of age with survival has been broadly studied in the 

literature, the relationship of age with the CLNM has not been clearly elucidated. 

Most of the available studies in the literature have not shown any association of age of 

patients with oral SCC and CLNM.10, 11, 26, 27 On the contrary, the results of our study 

showed that age was significantly associated with CLNM. The number of patients 

>50 years old were on a higher side in ‘multi-level node positive’ category in our 

study. This must have contributed to the significant association of CLNM with the 

age. Similar results have been reported only in two studies. 7, 178 In the latter study it 

was seen that the risk of CLNM increased to approximately two folds with every 10 

years increase in age in patients with buccal SCC. 178 
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Gender: 

The gender variation with regards to subsite of the oral SCC is a notable 

feature among various studies and is known to depend on geography, type of 

deleterious habits and nature of exposure to carcinogens. 4, 5, 15,17, 29 

As per the GLOBOCAN-2018 data, oral SCC is second largest cancer 

affecting males. 1, 2 Overall, oral SCC is commonly seen in males and the number of 

female populations with oral SCC is known to vary. Although there is no variation in 

the male population with regards to subsite, the number of female patients in most of 

the studies diagnosed with tongue SCC were on higher side in contrast to buccal 

SCC.29, 55 

In patients with mandibular GBC-SCC, the number of male patients were 

found to be three to four times higher compared to female patients.  The male: female 

ratio in mandibular GBC-SCC was 4.4: 1 in our study in contrast to 7:3 and 2.4:1, 

found in other high- volume studies. 7, 26 There were only 24 (18.5%) female patients 

in our study and this has resulted in skewed male: female patient ratio in comparison 

to other studies. Abuse of chewable form of tobacco and arecanut were common 

practices in male populations in mandibular GBC-SCC which is highly prevalent in 

India and South-East Asia, in contrast to western population where smoking and 

alcohol-abuse are main carcinogens resulting in tongue and floor mouth SCC in 

female population. 10-14 With the exception of one study, in which male population 

was independent predictor of CLNM, no study including ours has shown any 

significant association of CLNM with gender. 179 
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Risk factors for mandibular GBC-SCC: 

Tobacco and arecanut chewing were a common practice in over 90% of our 

patients. It was observed that female patients were habitual chewers of arecanut 

without being aware of its carcinogenic effects. Our own previous study has 

highlighted the association of arecanut chewing habit and buccal SCC in Indian 

women. 180 In addition to tobacco and arecanut chewing, smoking and alcohol-abuse 

were notable risk factors in male patients. When compared to studies from other 

Asian countries like Taiwan and China where the major risk factors for mandibular 

GBC-SCC is betel nut chewing, the major risk factor in India is chewing of arecanut 

and tobacco combination. 5, 15, 30, 115 Abuse of alcohol and smoking has shown 

synergistic effects in carcinogenesis. 3-5, 15   Although, the contact time of carcinogenic 

stimulus to oral tissues was not studied in the present study, the duration of habits was 

significantly associated with positive CLNM. The duration of habits may not be 

directly related to nodal stage, this association might be due to higher number of 

patients presenting with advanced T- stage in our study, as most of these patients 

reported of deleterious habits for over 10 years. There were over 75% patients in our 

study who admitted of having exposed to the known risk factors for oral cancer for 

over 10 years.  In previous studies, a significant association of oral SCC and PMDs 

with the duration of habits was found. Longer the duration of exposure, higher the 

probability of having either oral SCC or existing PMD transforming into oral           

SCC. 5, 181  

PMDs and mandibular GBC-SCC: 

In view of higher number of patients reporting with prolonged exposure to risk 

factors the presentation of mandibular GBC-SCC with PMDs was a common finding 
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in our study. Over 50% of our patients presented with PMDs which was higher than 

the reports of previous studies. Oral submucous fibrosis was commonest PMD in our 

study which was similar to one study, whereas leukoplakia was a common PMD in 

another study. 6, 174 Habitual chewing of arecanut is well-established risk factor in the 

causation of OSMF and it was common in our patients. 180 This could be an important 

reason for high number of OSMF cases in our study.  Although, PMDs have not 

shown to be directly associated with CLNM in oral SCC, their association with local 

recurrence of the tumour after definitive therapy is established. 6, 180 The patients with 

PMDs like leukoplakia or leuko-erythroplakia when associated with mandibular 

GBC-SCC can have variable degrees of dysplasia and can be a part of field 

cancerization.123 This can show up as ‘dysplasia’ at the surgical margins following 

resection of the tumour. The presence of ‘severe dysplasia’ at the margins is found to 

be a strong determinant of local recurrence of the tumour following resection. 183 

However, the presence PMDs in our study was insignificant on multivariate analysis 

for its contribution in the nodal metastasis.  

Clinical presentation: 

Trismus and associated swelling were most common presentations in our 

patients. In some patients the trismus was severe resulting in inability to completely 

examine the tumour clinically and locate its posterior extent. This was the reason for 

inaccurate clinical T- staging pre-operatively in these patients.  OSMF was common 

reason for trismus in our patients owing to prolonged history of tobacco and arecanut 

chewing habit. The second common cause of trismus was infiltration of the tumour 

into masticatory spaces which was seen in 47% of patients, although some of the 

patients also had both of these causes. In view of trismus, we evaluated all our 
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patients with Multidetector Computed Tomographic (MDCT) imaging with puff 

cheek and 1mm cuts, which is an evidence-based method for assessing bone erosion, 

infiltration into masticator space, extent of tumour and nodal staging. 68, 131 With the 

clinical examination and imaging, we could identify these individual factors and 

assess its impact on CLNM.  

  The frequent complaints of the patients with mandibular GBC-SCC in other 

studies included oral ulceration which was not common in our study. 6, 15 In a study 

the clinical examination of patients was possible to ascertain the epicenter of the 

tumour which was not possible in over 40% of our patients due to trismus. 6 Besides 

ulceration of buccal mucosa, the presenting complaints of patients with mandibular 

GBC-SCC in other studies included burning sensation in the mouth, loose teeth and 

exophytic swelling. 6, 7, 26 The patients with locally- advanced disease presented with 

either oro-cutaneous fistula or infiltration into skin over the cheek which was 

identified by the bimanual palpation, pinch test and imaging. 7, 26 The results of other 

studies were commensurate with our findings. Most of the clinical presentations that 

have been described in the previous studies, especially from the western literature are 

based on patients that had early stage lesions (Stage I -II) whereas majority of our 

patients were in locally advanced stage (stage III and IV). 7, 10-12, 26 In view of this, we 

had patients with clinical features characteristic of advanced stage disease like 

trismus, infiltration of masticator space, clinico-radiological bone erosion, skin 

infiltration and malignant lymphadenopathy. In most of the Indian studies on 

mandibular GBC-SCC, the number of patients with locally-advanced disease was 

higher, the clinical findings often included bone erosion, skin infiltration and node 

positive necks as also observed in our study. 6,7, 26, 182 The occurrence of trismus either 

due to OSMF or due to infiltration into masticatory space is reported only in one 
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study, without correlation with the stage of the disease. 6 However, infiltration into 

masticator space, Clinico-radiological bone erosion and skin infiltration by 

mandibular GBC-SCC were significantly associated with multi-level CLNM in our 

study, which is likely due to higher number of patients with locally-advanced stage. 

Also, posteriorly-located lesions in oral cavity and involving retromolar trigone have 

been reported to show higher incidence of CLNM in addition to infiltration into 

masticatory space. 6, 183 In the lesions with locally advanced stage, the likelihood of 

infiltration into mandibular buccal or alveolar cortex and/ or infiltration into skin is 

higher owing to lack of barrier laterally, once the tumour infiltrates buccinator 

muscle. 8-10 The fat overlying buccinator muscle is a weak barrier to the tumour 

spread and often the skin is infiltrated by the tumour once it approaches closer to 

buccal fat. 120 This anatomical factor can contribute for high local recurrence rate of 

mandibular GBC-SCC even after radical surgery. 120 Contrarily, infiltration into 

surrounding structures by mandibular GBC-SCC corresponds to larger tumour 

volume, which includes tumour thickness and greatest dimension of the tumour. 127 

This was evident from the results of our study that increase in tumour diameter, 

tumour thickness or both was associated with multi-level nodal metastasis. The 

previous TNM staging (AJCC 2009) that we followed during this study considered 

only greatest tumour dimension as an indicator of T-size which may not be accurate 

measure of CLNM, as it underestimates the volume of disease and at times the tumour 

may not be infiltrative or may be attenuated at the third dimension (thickness). 158 

Failure to recognize aggressive behavior of a tumour with smaller dimension and 

larger thickness in contrast to larger tumour dimension with smaller thickness was a 

major shortcoming of AJCC 2009 TNM staging system, which we overcame by 

including gross tumour thickness in our study. The inclusion of tumour depth into 
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TNM staging system came to effect after realizing the importance of tumour thickness 

as a determinant of prognosis and CLNM in oral SCC in the recent studies. 184 

Pathological Factors: 

The histological differentiation (HD), ECS, LVE and PNI were pathological 

factors that were considered in our study in view of previous reports on oral SCC that 

validated these factors to determine the prognosis and requirement of aggressive 

therapy following surgery. 114-125 We intended to study the influence of these 

pathological factors on CLNM in mandibular GBC-SCC.  Histologic grade has been 

reported as an important marker of tumour behavior, especially with regards to 

regional and distant metastasis. Although, we used Broders grading system which has 

been used by several other studies, the interpretation of results using HD has shown 

poor correlation with outcome and response to treatment in an individual patient. 35 

However, studies have shown that HD is a valuable predictor of CLNM. 114-116 

The varied results of HD in influencing CLNM are due to heterogenous tumors, 

inadequate or small sample during biopsy and dependence on cellular structure rather 

than the function and biological behavior. 35 It was observed in our study that the 

inclusion of invasive-front of the tumour in biopsy specimen improves the reliability 

of HD in predicting CLNM, as the HD was found to differ at the invasive-front from 

the superficial areas of the tumour. 185 Detection of poor HD at advancing front in the 

biopsy specimen was reliable predictor of multi-level CLNM. Inclusion of only the 

superficial areas of tumour in the biopsy specimen can result in erroneous 

interpretation of HD especially, when it shows well differentiated tumour on 

histologic examination. 185, 186 Multi-level CLNM were seen in tumors with moderate 

to poor HD in our patients and this was due to aggressive biological behavior of 
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tumors revealed by studying their invasive fronts. Therefore, we recommend that the 

decision on comprehensive neck dissection based on HD of tumour should be taken 

provided the invasive front in the biopsy specimen has shown poor differentiation. 

However, HD was insignificant predictor of CLNM in multivariate analysis in our 

study as the status of invasive front was not always determined in biopsy specimens. 

Although the number of patients with locally-advanced SCC were higher in 

our study, patients with LVE and PNI were 11% and 21% respectively, which was 

lower than reported studies comprising of larger number of patients with buccal 

cancer. 128 LVE was never detected in the biopsy specimens and most of the positive 

reports of LVE was found during grossing of specimen in our study which was similar 

to previous studies. 128 The presence of PNI was suspected in patients with high 

volume disease, especially when mandibular canal was infiltrated by the tumour on 

clinical examination  resulting in paresthesia and imaging modalities confirming the 

findings. However, it was confirmed only after histological examination of the 

specimens. Although, LVE and PNI were significantly associated with CLNM in our 

study, their role in contributing to CLNM is controversial. 125, 126 Some studies have 

reported these factors as determinants of loco-regional and distant metastasis whereas, 

another study has not reported any such role. 187-189 However, PNI was a significant 

predictor of CLNM in a comparative study involving buccal and tongue SCC 

wherein, patients presenting with PNI were less in comparison to those with tongue 

SCC. 125 It appears that both of these factors are associated with higher T-stage and 

locally advanced disease status rather than contributing as independent predictors of 

CLNM. Contrarily, the role of these factors in predicting local recurrence, distant 

metastasis and influence of disease-free survival is well established in the existing 
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literature. 187-189 The Table 25 shows significance of various clinico-pathological 

factors in comparison with our study in causation of CLNM.   

Author/ Year Study Design No. of 
patients 

Outcome Significant 
factors* 

Vincent N et al 
130 2012 

Retrospective 149 L/R RFS Age, T-size, 
bone invasion 

Jan JC et al 117 
2011 

Retrospective 415 Prognostic factors 
in buccal SCC 

ECS, advanced 
T-size 

Walvekar RR et 
al 26 2009 

Retrospective 642 L/R control CLNM, 
Invasion depth 

Kane SV et al 203 
2006 

Retrospective 48 CLNM Invasion depth 

Ghoshal S et al 

174 2006 
Retrospective 100 Prognostic factors, 

DFS in buccal SCC 
T3/T4 stage 

Okada Y et al 126 
2003 

Retrospective 38 CLNM HD, Mode of 
invasion 

Diaz EM et al 11 
2002 

Retrospective 119 DFS in buccal SCC Muscle 
invasion, ECS 

Present study 
2012-2017 

Prospective 130 GBC Masticator 
space infil, 
advanced T 

stage, 
GTT>1cm 

 

Table 25: Comparison of clinico-pathological factors that are known to be associated 

with CLNM and survival, described in previous study and compared to present study 

Neck nodal metastasis from mandibular GBC-SCC: 

Nodal metastasis on initial presentation of patient with oral SCC is a reliable 

prognostic factor. Studies report that presence of CLNM reduces the survival of 

patients to less than 50% after definitive therapy. 19, 55, 56, 86, 90 Although, mandibular 
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GBC-SCC often presents in locally advanced stage, the incidence of occult CLNM 

can range from 11%-50%. 7, 26, 89, 116, 117, 128, 129, 174, 183 In previous studies 62% of 

patients presented with clinically evident CLNM. Also, the regional recurrence rate in 

mandibular GBC-SCC can range from 7.5% to 32% which are often non-salvageable 

and even if salvageable, the mean disease-free survival is not reported to exceed more 

than 4 months. 7, 26, 30, 183 Therefore, ND is an integral part of comprehensive 

management of mandibular GBC-SCC which, if done upfront in patients with node 

negative neck can improve survival and is essentially done in patients with node 

positive necks to address CLNM.  

However, the major drawbacks in the previous studies on mandibular GBC-

SCC with regards to prevalence of occult metastasis have been inconsistency in the 

research methodology, variability of diagnostic modalities used to identify occult 

CLNM, non-uniform type and fields of neck dissection, difference in the methods of 

grossing and reporting of final histopathological findings. 7, 26, 30, 117, 174, 183 The reports 

on occult CLNM inferred by retrospective studies range from 11% to 33% whereas 

those from prospective studies range from 35% to 50%. On the other hand, the 

regional recurrence of over 50% has been reported in patients with clinically node-

positive necks. 7, 26, 183 

Most of the studies on mandibular GBC-SCC highlight either single or multi-

institutional data on loco-regional failure and survival, and lack consensus on the 

factors influencing CLNM and their effective management in mandibular GBC-SCC. 

7, 26, 117, 117, 129, 183 Furthermore, the data on CLNM in mandibular GBC-SCC has been 

derived from the reports of western studies which are either deficient in number of 

mandibular GBC-SCC patients or are generalized to include all oral subsite SCC, 
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majority being of tongue or floor mouth SCC. 10-14 Also, mandibular GBC-SCC is 

commonly associated with chronic oral inflammation, OSMF, limited mouth opening 

resulting in poor oral hygiene, periodontitis which can contribute to clinically evident 

lymphadenopathy. 6, 174 

In addition to this if we consider the existing literature that is based on buccal 

SCC, it is precarious with regards to extent of tumour within buccal mucosa and little 

importance is given to distinguish the tumors extending to mandibular GBC which is 

a unique anatomical region in the oral cavity, bounded by bone and soft tissue. 10-12 

In view of the potential drawbacks in the existing literature and lack of 

uniformity in the methodology, we intended to study the pattern of lymph node 

metastasis, the LNY and factors that influence CLNM in patients with mandibular 

GBC-SCC, so as to guide a therapist in decision making with regards to the extent of 

neck dissection, to avoid regional failures . 

Neck Dissection (ND) procedures have undergone a series of modifications 

from the time it was first described in early 19th century to present era of practice, 

based on the evidences obtained by years of research to optimize regional control of  

HNC and reduce the morbidity resulting from the procedures, which can adversely 

impact on the patients QoL. 91-93, 112, 113 Although, there are established guidelines for 

managing neck in cases of occult metastasis from oral SCC, there are no clear 

guidelines on extent of ND in node positive necks. 110, 111 Some surgeons advocate 

extended SOND for node positive neck wherein they dissect level I to level IV lymph 

nodes and spare level V. 88, 106 Others practice either only SOND followed by adjuvant 

radiotherapy or comprehensive neck dissection incorporating level-I to level-V in 

clinically node positive necks. 190, 191 In view of the variations in practices, there is 
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diversity in the reports related to factors that contribute to extent of CLNM in oral 

SCC in the current literature. 192, 193 

In order to overcome the bias in selection of uniform ND procedure, we 

included only the patients that require level-I to level-V comprehensive ND, either 

due to current guidelines suggesting it for node positive necks or due to large primary 

tumors for which pectoralis major myo-cutaneous (PMMC) flaps were planned for 

reconstruction at the tumour resection site. In the latter cases we sacrificed the 

sternocleidomastoid muscle to facilitate inset of PMMC flap and this method 

provided us with an opportunity of dissecting level-IV and level-V lymph-nodes and 

studying them for metastasis from mandibular GBC-SCC in our patients. Also, 

adherence to include only classical mandibular GBC-SCC patients with the tumour 

extent described as per the previous studies and following established specimen-

grossing protocol ensured uniformity in our investigation.  

When these methods were followed, we could harvest over 3000 CLNS in 130 

patients with mandibular GBC-SCC. Among the various nodal levels, the highest 

number of CLNS were harvested from level I followed by level V and level II. The 

number of CLNS harvested from level III and level IV were approximately equal. 

When compared to a study by Friedman M et al that reported the distributions of 

CLNS per level in the neck by doing cadaveric neck dissection, the average number 

of CLNS found in our study were less. 194 The highest number of lymph-nodes in their 

study were harvested from levels IV and II followed by level III and V which was 

contrary to our results. The presence of disease at the draining area of the levels I and 

II resulting in the increased number of nodes at this level when compared to the 

number of nodes harvested in cadavers without oral cancer can possibly explain the 
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results obtained by our study. Also, the possibility of racial and ethnic factors that can 

contribute to variation in the CLNS should be considered in view of the previous 

studies that have shown significant difference in the lymph-nodes harvested in non-

Asian and Asian gastric carcinoma patients. 195 So far there is paucity of the literature 

on reference range of CLNS in Indian patients and variability of CLNS in HNC 

patients.  

As observed in the previous studies, the CLNM due to mandibular GBC-SCC 

occurred in foreseeable manner, involving level I, II and to lesser extent level III even 

though there were more of locally advanced cases in our study. 55, 56, 147, 174, 179 In 

contrast to previous studies, the incidence of occult CLNM in our study was found to 

be 24% and the common site of occult metastasis occurred at level I B. 7, 26, 183, 190 

Also, level I B was the only site of solitary CLNM and other levels from Level-II to 

level-V never showed solitary CLNM (Table 26). Solitary CLNM bypassing level IB 

was seen in retrospective studies. 7, 26 These studies included only locally advanced 

mandibular GBC-SCC patients and possibly this might have been the reason for 

reporting skip metastasis in their studies. The occurrence and comparison of CLNM 

in our study with respect to other reported study is shown in Table 26.  
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Table 26: CLNM pattern in other studies in comparison with the present study 

Author/year Study design No. of 
patients 

Oral 
SCC 

Subsite 

Type of 
ND 

Pattern of 
CLNM 
(Levels) 

Levels IV 
& V 
status 

Remarks 

Present study 
2012-2017 

Prospective 130 GBC MRND 
I-V 

I, II, III Least CLNM at 
IV & V in 
advanced 
stage only 

Essig H et 
al190         
2012 

Prospective 60 Buccal MRND I, II, III IV: 3% 
V: 1% 

Least 
involved 
level V 

Mishra et al 
127 2010 

Retrospective 81 US SOHD/ 
MRND 

I, II, III, 
IV 

IV/V nil  

Narendra H 
et al183 2010 

Retrospective 127 Buccal RND/ 
MRND 

I, II, III 3-11% 
CLNM 

 

Woolgar JA 

28 2007 
Retrospective 439 Tongue/ 

FOM 
RND, 

MRND, 
SND 

I, II, III Not 
affected 

Multilevel 
positive in 
T4 cases 

Diaz EM 11 

2002 
Retrospective 119 Buccal Observe

/ SOHD 
I, II, III Nil  

Chone CT 
2000 203 

Retrospective 50 All Head 
Neck 

SNDs I-V IV, V 
37% 

High 
larynx/ 
pharynx 

SCC 

 

ECS has emerged as reliable predictor of regional and distant metastasis in 

HNC. 18, 35, 153 When compared to other subsites of oral SCC a higher incidence of 

ECS in tongue and floor mouth SCC has been reported. 148, 149 However, in a large-

scale Indian study, no difference was observed in incidence of ECS in tongue versus 

buccal SCC. 128 The incidence of ECS reported in our study was 19% (25/130), which 

is comparable to 22% (141/618) found in a large-scale study. 145 The diagnosis of ECS 
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was done by clinical examination and imaging which was reliable. Only in three of 

our patients ECS was found on final histological reporting whereas in 22 patients it 

was detected before surgery by imaging and clinical examination. However, these 

three patients had node positive necks with central-necrosis on imaging. Our 

observations suggest that ECS can be identified by standard imaging techniques and 

can help in decision making regarding extent of CLN dissection. ECS was 

significantly associated with multi-level CLNM in our study. All the patients with 

metastasis at level-IV and level-V were found to have ECS that was detected at level 

IB node.     

The importance of CLNM to level IV and Level V has been validated as a 

determinant of regional recurrence and distant metastasis. The reported studies 

highlight the factors that influence CLNM at level-IV and level-V. 196, 197 In a study 

the reported incidence of CLNM to level-IV and level-V was higher in the tongue in 

contrast to buccal SCC which was similar to our observations. 196 Metastasis to levels-

IV and level-V was seen only in 15 (11%) of our patients which was lower than the 

reported study. 196 Majority of patients in study had wide variation in the subsite of 

oral SCC and included mostly SCC of tongue and floor mouth. SCC at these subsites 

have propensity for skip metastasis and this explains higher incidence of CLNM 

involving level IV and V in their study. It was noteworthy that the involvement of 

level IV and level V was 4% and 1.5% respectively in our study, in spite of including 

clinically node positive cases. On the contrary, when higher number of patients with 

only locally advanced cases of mandibular GBC-SCC were studied, there was 3-folds 

increase in CLNM to level-IV and level-V nodes.7   In fifteen patients with level IV 

and Level V metastasis in our study, it was observed that ECS, multiple node 

positivity, tumour thickness over 1cm measured grossly and infiltration of skin by 



Discussion 

Page 108 
 

primary tumour were common findings. In comparison to the available literature with 

unspecified subsite of oral SCC ECS, multiple node positivity and HD were found to 

be associated with metastasis at level IV and level V. 7, 196 The incidence of CLNM at 

level IV and level V in clinically node positive necks reported by our study were 

similar to a retrospective study which included only locally advanced cases of 

mandibular GBC-SCC. 7, 127, 183 This shows that even in cases of locally advanced 

mandibular GBC-SCC, preserving level IV or level V nodes is possible in selected 

cases and this can avoid morbidities or complications related to spinal accessory nerve 

and thoracic duct. Identification of these cases based on clinico-pathological risk 

factors can help in decision making regarding conservative versus radical ND.  In 

addition to level IV and level V, we studied the involvement of tail parotid nodal 

(TPN) metastasis in mandibular GBC-SCC which has never been studied before, 

although these lymph nodes are dissected during comprehensive and radical neck 

dissection. In view of our previous experience with patients developing recurrence at 

parotid region following curative surgery for mandibular GBC-SCC (Photograph 

25), which are often non-salvageable, we intended to include tail parotid nodes in our 

study.  As recommended by previous studies, we dissected the tail parotid nodes that 

were found along the inferior pole of parotid gland, overlying posterior-belly of the 

digastric muscle, at the exit of retromandibular vein from inferior pole of parotid. 159 

There were no lymph nodes found at the tail parotid region in 71 (54%) patients. In 59 

(45%) patients we could harvest these nodes and send them separately for 

histopathologic examination. It was noteworthy that TPN were positive for metastatic 

disease from primary mandibular GBC-SCC whenever there were multi-level CLNM 

with ECS in at least one neck node and skin infiltration by the tumour at the primary 

site. The possibility of retrograde metastasis into parotid nodes in presence of 
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extensive metastatic disease in the neck nodes has been reported in a study. This can 

explain the observation of positive TPN in our study. Also, age changes in the parotid 

nodes resulting in their atrophy, loss of germinal canters and replacement by fatty 

tissue is reported.198 This could have contributed to absence of lymph-nodes in tail 

parotid region in 54% of our patients.   

For accurate N-staging, the minimum number of CLNs that are to be harvested 

from the neck dissection specimen has been standardized to avoid under-staging. In 

order to accurately estimate the ratio of positive nodes versus the number of nodes 

harvested (Lymph Node Ratio), the minimum number of nodes that are to be 

harvested from ND specimen has been validated. 154, 155 This concept has emerged 

after it was realized in prognostication of malignancies affecting other organs. 31-34 It 

has been estimated that any LNY >20 was associated with significant increase in the 

likelihood of finding metastatic node. When we followed the guidelines proposed by 

the Royal College of Pathologists (RCP) 27 the average LNY in our patients was 21, 

obtained by performing comprehensive neck dissection with preservation of spinal 

accessory nerve and internal jugular vein in most of the cases. As per RCP 27 

guidelines the minimum number of nodes that were harvested by performing RND 

were 20. The comparison of LNY found in our study in contrast to the available 

literature is shown in Table 27. 
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Table 27: LNY in other studies in comparison with the present study. 

Study/year LNY Type of ND 

Agrama et al 205 2003 13-20 RND 

RCP27 2011 Minimum 20 RND 

Norling et al*206 2013 19 

26 

8-10 

SND I-III 

SND I-IV 

SND (Cadaver) 

Marres CC et al 154 2014 1-89 

Mean 34 

3-52 

Mean 18 

 

MRND 

SND I-III 

SEER Data 207 1973-1996 Mean 24.6 

Mean 30.2 

Mean 32.8 

SND (277 NDs) 

MRND (1225 NDs) 

RND (1016 NDs) 

Present study, 2012-2017 Mean 23.61 

Range 14-37 

MRND II* 122 (94%) 

RND  8 (6%) 

 

MRND II  *: Level I-V ND with sacrifice of SCM muscle 

The LNY is reported to change depending on the surgical field, expertise of 

pathologist, patient’s body mass index (BMI), racial and ethnic factors. 156, 157 

Although the data on reference range of LNY in Indian patients undergoing neck 

dissection is unavailable, when compared to the western literature on LNY we had 

lesser counts in spite of constant field of neck dissection and standard operating 

procedures for grossing of specimens and harvesting lymph-nodes. 194, 199 This could 

be attributed to racial factors and lower BMI in our patients possibly due to nutritional 
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deficiencies resulting from malignancy, OSMF, trismus and history of alcohol 

consumption.  200, 201 

TT is currently an independent-predictor of CLNM in oral SCC. 35, 122, 123, 127 

On multivariate analysis intra-operative T-size, GTT over 1cm and masticator space 

infiltration by tumour were strong predictors of multi-level CLNM including level IV, 

level V and tail parotid nodes in our study. We considered measuring TT by gross 

method although microscopic TT measured using optical micro-meter is more 

accurate. 132 This was because gross measurement of TT is possible by operating 

surgeon and can be done intraoperatively when decision of dissecting level IV or level 

V nodes have to be taken whereas, the feasibility of carrying out microscopic 

measurements of TT intraoperatively is less. However, the TT measured grossly can 

overestimate the actual TT measured microscopically, as the former also takes into 

account the inflammation, oedema resulting from tumour and fibrosis whenever they 

are associated with the tumour. In view of this, the estimated values of TT by gross 

examination in our study was higher in contrast to reported studies. However, even 

when measured by gross examination the TT was a reliable predictor of multi-level 

CLNM as seen in other studies. 127, 129, 132 

The higher T-size of tumour is another major predictor of CLNM. 35 In 

contrast to other subsites of oral SCC the accurate measurement of T-size in 

mandibular GBC-SCC is at times difficult due to trismus. To overcome this, we 

emphasize on measuring T-size after resection of the tumour, intraoperatively. T-size 

was reliable determinant of CLNM in reported studies as seen in our study. 35, 123, 146, 

179 The infiltration of masticator space by the tumour also predicted multi-level 

CLNM in our study, as it was found in locally advanced tumors. The presence of 
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masticator space infiltration points towards higher T-stage and locally advanced 

disease in mandibular GBC-SCC.  

Although frozen section is a validated technique in detecting nodal metastasis 

intraoperatively, the drawbacks of this technique include lack of availability at all 

centers, requirement of advanced equipment and expertise and false-negative results 

in detecting CLNM in 8%-20% patients. 37, 202 Also, recent studies show that frozen 

examination has poor cost to benefit ratio, as it can incur additional expenses to 

patients undergoing surgery for HNC. 37 Therefore, decision making on extent of ND 

based on clinico-pathological factors can be a frugal alternative to frozen examination 

in low resource practice. 

Limitations:  

There were the following limitations in this study in spite of endeavors to 

minimize them and looking at the feasibility of conducting the study: 

1. Sample size: the sample size was estimated with statistical recommendations 

and taking into account the available studies. At the end of the study the 

number of patients with specific details like poor HD, LVE, PNI, those with 

positive metastasis at level IV, level V and tail parotid nodes were less in 

number. Including a greater number of patients would improve the reliability 

of our results. 

2. Inclusion of survival analysis: inclusion of survival analysis would validate the 

clinico-pathological factors in terms of disease-free survival and improvise the 

understanding of their role on long term outcome. Lack of data on survival 

analysis was a limitation of this study due to its non-feasibility. 
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3. The patients were selected as and when they met the inclusion criteria. Thus, 

equal distribution in each T-stage (from T1 to T4) was not possible and this 

was beyond our control. 

4. Other factors like BMI, co-morbidities and inflammatory response resulting 

from tumour can influence the results of LNY obtained by our study.  

Strengths of study: 

1. Prospective design: the possibility of loss of relevant information with regards 

to specific aspect of disease is minimized due to prospective design. All the 

information and clinical findings that were relevant for predicting CLNM from 

primary mandibular GBC-SCC were obtained after selecting patients and 

clinico-radiological examination.    

2. Subsite specificity: this study is based exclusively on mandibular GBC as 

subsite of SCC and clinico-pathological factors unique to this subsite were 

studied.  

3. Constant field of neck dissection: the ND fields were similar in all operated 

cases. The outcomes in terms of LNY, nodes harvested per level, location of 

positive nodes and pathological features of the nodes were studied uniformly 

in all cases.  

4. Grossing of resection specimens were based on established protocol to avoid 

errors of arbitrary methods.  

5. Dependence on intra-operative features of tumors for decision making on 

extent of ND rather than final histological findings.  

6. This study was first to report the adequacy of neck nodes for accurate nodal 

staging in Indian patients with mandibular GBC-SCC.  
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7. This study explores the efficacy of intraoperative measurements for decision 

making on extent of ND done by operating surgeon, using simple instruments 

like metric scale and survey dividers. This method can be a frugal alternative 

to intra-operative frozen examination and useful in low resource setting.    

Future scope: 

Further studies with larger sample size can be conducted to evaluate the 

validity of locally advanced stage and GTT in primary mandibular GBC-SCC with 

regards to decision making on the extent of ND.  

Inclusion of survival analysis can help in improving reliability of these factors 

on long term loco-regional control in primary mandibular GBC-SCC.  

In the centers where intraoperative frozen section is available, randomized 

control trials can be conducted to evaluate the efficacy of intraoperative 

measurements of GTT by surgeon compared with frozen examinations in patients 

with primary mandibular GBC-SCC in predicting the CLNM at level IV and level V 

nodes.  
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CONCLUSION 

The CLNM in primary mandibular GBC-SCC occurs in an orderly manner 

with the first station of metastatic deposit being level I lymph-nodes. Level I B or 

submandibular group of lymph-nodes are commonly involved by metastatic disease 

due to primary SCC of mandibular GBC. Level I B lymph-nodes are either involved 

in isolation or in combination with other group of lymph-nodes. The second common 

station of lymph-node metastasis in GBC-SCC is level II or upper jugulo-digastric 

lymph-nodes followed by mid-jugular or level III lymph-nodes. The prevalence of 

occult lymph-node metastasis in mandibular GBC-SCC is 24%. The prevalence of 

CLNM in mandibular GBC-SCC are Level I 76%, level II 51%, level III 22%, level 

IV and level V were 11% each, when 3046 lymph nodes were processed in 130 

patients. Except for level I B no other nodal level was affected in isolation by 

metastasis from mandibular GBC-SCC. Even when clinically node positive necks 

were considered, the prevalence of metastasis to level IV and level V were 11%. Tail 

parotid nodes showed metastatic deposits from primary mandibular GBC-SCC in 10% 

of patients. These nodes were observed to be positive when primary mandibular 

GBC-SCC was associated with multi-level metastatic lymphadenopathy in the neck, 

extra-capsular spread in the neck nodes and locally advanced disease with skin 

infiltration. When RCP protocol of grossing was followed with fixed ND field, the 

mean number of lymph-nodes harvested in comprehensive ND were 23.61 +5.15 in 

Indian patients with mandibular GBC-SCC. The LNY in 130 patients ranged from 14-

37 with median of 23. Locally advanced stage identified by clinical and radiological 

methods and confirmed by pathological examination is a significant factor associated 

with multi-level CLNM. The clinical manifestations of locally advanced stage in 

mandibular GBC-SCC like infiltration of bone, masticator space and skin are also 
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significantly associated with multi-level CLNM. Intraoperatively measured GTT 

>1cm is a significant factor associated with multi-level CLNM. LVE and PNI found 

in patients with mandibular GBC-SCC during final histopathological reporting are 

significant predictors of multi-level CLNM. On multivariate analysis, locally 

advanced T-stage, GTT >1cm and infiltration of masticator space are significant 

predictors of multi-level CLNM. The possibility of metastasis to level IV, Level V 

and parotid nodes in primary mandibular GBC-SCC are high in patients with locally 

advanced disease presenting with infiltration of mandibular bone, skin and masticator 

space. Higher T-stage and GTT >1cm measured intraoperatively are associated with 

multi-level CLNM, including level IV and Level V. Extracapsular spread at level I B 

nodes in primary mandibular GBC-SCC is a valid predictor of metastasis at level IV, 

Level V and parotid nodes. In the absence of these clinico-pathological factors the ND 

in primary mandibular GBC-SCC can be limited to level I to level III even in node-

positive necks. Further studies with larger sample size can be conducted to validate 

the findings of this study.  
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SUMMARY 

SCC of mandibular Gingivo-Buccal Complex (GBC) is a distinct cancer of the 

oral cavity in the Indian subcontinent. This malignancy popular as “Indian Oral 

Cancer,” affects mainly the male population and is a major cause of cancer related 

death in India. CLNM is a validated prognostic factor in mandibular GBC-SCC. The 

CLNM in mandibular GBC-SCC, like other subsites of oral SCC is known to occur in 

a foreseeable manner, involving mainly level I, level II and to lesser extent level III 

nodes unlike tongue or floor-mouth SCC wherein, the CLNM tends to be extensive. 

Neck dissection (ND) forms an essential aspect in comprehensive management of oral 

SCC. Although, the guidelines for ND in node-negative neck are established, there are 

no clear guidelines for ND in node-positive necks for primary mandibular GBC-SCC. 

The available guidelines for ND in node-positive necks are based on western studies, 

which comprise more of tongue and floor-mouth SCC and lack patients with 

mandibular GBC-SCC. Also, there is paucity of the literature with regards to 

adequacy of lymph-nodes to be harvested following ND, for accurate nodal staging in 

Indian patients with mandibular GBC-SCC. Furthermore, advanced CLNM in oral 

SCC is influenced by clinico-pathological factors that have to be identified for 

decision making regarding extent of ND in patients with mandibular GBC-SCC. This 

will help surgeons in practicing oncologically safe ND for patients with high risks of 

extensive CLNM and avoid morbidities related to ND in low risk patients.  

The present study was designed to assess the metastatic involvement of 

cervical lymph-nodes (CLNs) at various levels in the neck from primary mandibular 

GBC-SCC and quantify the number of lymph-nodes harvested from comprehensive 

ND in this disease. The clinico-pathological factors that contribute to CLNM in 
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primary mandibular GBC-SCC were studied to evaluate their role in causation of 

extent of CLNM from primary mandibular GBC-SCC. These factors included: T size, 

histological differentiation (HD), infiltration of bone by the tumour, Lympho-vascular 

tumour Emboli (LVE) and Perineural Invasion (PNI).  The study also intends to 

provide possible modifications in the extent of ND based on clinico-pathological 

factors in patients with node-positive necks from primary mandibular GBC-SCC.   

This was a prospective observational study, conducted on 130 hospital-based 

patients with biopsy-confirmed, unilateral primary SCC of mandibular GBC. The 

patients presenting with operable, classical primary mandibular GBC-SCC requiring 

ipsilateral comprehensive ND with availability of level-I to level-V nodes for 

histopathologic examination were included. The patient’s demographic details, details 

related to deleterious habits of patients, clinical and radiological findings of tumour 

and histological differentiation on biopsy (Broders) were noted. The staging of 

tumour was as per AJCC 2009 guidelines. Intraoperatively the linen suture ligatures 

with variable numbers of cut ends were tied to the fibro-fatty tissue containing CLNs 

after it was dissecting from its anatomical territory, with the number of cut ends of 

ligatures denoting each level of CLNs. The tail-parotid and level IA nodes were 

dissected separately during ND. Each level of CLNs was separated from main 

specimen by transecting between the ligatures after en-block resection of primary 

tumour. Also, the T-size, and gross tumour thickness (GTT) were measured 

intraoperatively, immediately after tumour resection. The specimens were grossed 

after 48 hours of formalin fixation, as per the established protocol by “The Royal 

College of Pathologists, Standards and datasets for reporting head and neck cancers 

(December 2011)”. 27 The number of nodes per level, number of nodes positive for 

metastasis from primary mandibular GBC-SCC and the presence of Extra-capsular 
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spread in the nodes were noted. The presence of bone invasion, PNI, LVE and 

infiltration into surrounding structures were confirmed by histopathological findings.  

Descriptive statistical analysis, Chi-square test, logistic regression and 

Receiver Operating Characteristic (ROC) curve were used for statistical analysis. For 

all the tests, the p <0.05 was considered statistically significant. 

This study comprised of 130 patients with 106 (81.5%) males and 24 (18.5%) 

females with 69 (53.1%) patients with age over 50 years and 61 (46.9%) patients with 

<50 years. Sixty-six (50.8%) patients presented with right sided lesions and 64 

(49.2%) patients presented with left sided lesions. Tobacco and arecanut chewing 

were found in 90% patients, alcohol consumption and smoking were less common. 

The duration of habits were over 10 years in 99 (76.2%) patients and less than 10 

years in 31 (23.8%) patients. OSMF was most common potentially malignant disease 

in our patients and restricted mouth opening was a common complaint. The number of 

patients with T3 and T4 stage were 28 (21%) and 67 (52%) respectively and the 

number of patients with T1 and T2 stage were almost equal (13%).  In 130 patients a 

total of 3046 lymph-nodes were harvested and studied. Forty-eight (37%) patients 

were clinically N1 staged followed by 45 (35%) patients that were clinically N0 

staged. The incidence of occult CLNM was 24%. In 37 (28.5%) patients the clinical 

nodal staging was N2 or N3 with 19% (25/130) showing ECS at level IB.  Infiltration 

into bone and skin was found in 43 (33%) and 28 (21.5%) patients respectively. On 

multivariate analysis, infiltration of masticator space, intra-operative T-size and gross 

tumour thickness over 1cm were significantly associated with multi-level CLNM. 

Involvement of level-IV and level-V by metastasis was seen in only 15 (11%) cases 

and that involving tail parotid nodes was seen in 13 (10%) cases. The mean number of 
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CLNs harvested by comprehensive ND in our patients with primary mandibular GbC-

SCC was 23.61 +5.15 and ranged from 14-37. Level IV, level I B and level III yielded 

over 450 lymph-nodes which was higher compared to other nodal levels. Extra-

capsular spread was noted only in level IB nodes. Of the 474 lymph-nodes harvested 

from level I B, 187 were positive for metastasis from primary mandibular GBS-SCC. 

Level I B was the only nodal level involved by metastatic disease either in isolation or 

in combination with other levels. Isolated nodal metastasis was not found in other 

nodal levels.  

This study concludes that CLNM in primary mandibular GBC-SCC occurs in 

an orderly manner with level IB most commonly involved, either in isolation or in 

combination with other nodal levels. CLNM to other nodal levels did not occur in 

isolation. On an average, 23 nodes can be harvested in Indian patients with primary 

mandibular GBC-SCC, by doing comprehensive level- I to level-V neck dissection 

with preservation of internal jugular vein and spinal accessory nerve. GTT of over 

1cm, locally advanced T-stage and infiltration of masticator space were significant 

predictors of multi-level CLNM in patients with primary mandibular GBC-SCC. The 

incidence of nodal metastasis at level IV, level V and tail parotid nodes is 

approximately 11% even in clinically node-positive necks in primary mandibular 

GBC-SCC.  

In the absence of locally advanced stage, ECS and GTT >1cm and no tumour 

infiltration into masticator space, the nodal levels IV and V may be spared during ND. 

Further studies with higher number of patients are essential to validate the findings of 

this study.  
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ANNEXURE – IV - CONSENT FORMS  

(ENGLISH, KANNADA, MARATHI) 

INFORMED CONSENT FORM: 

Title of the study: Pattern of cervical lymph node metastasis and its association with 

clinico-pathological variables in primary mandibular gingivo-buccal sulcus squamous 

cell carcinoma 

Objective / purpose of the study: You are being invited to participate in this study. 

This study is being conducted to know the extent of spread of oral cancer in the lymph 

nodes of neck and the factors that are responsible for the spread.  

Procedures: As a part of study we would like to collect some information about you, 

like: Name, age, occupation, personal information related to tobacco chewing or 

smoking if any and clinical details of oral tumor. This information will be kept 

confidential and will be coded without your name or any other identifying information 

about you. You will undergo the surgery as per the recommendations of your 

consulting surgical oncologist and no modifications will be done in the treatment plan 

or procedure for the purpose of study. The study will be conducted on the tissue 

specimen obtained following surgery. The specimen will be processed as per the 

study protocol without altering the necessary information that is mandatory for further 

treatment of your ailment.  

Withdrawal: Participation in this study is voluntary. If you don’t wish to participate 

in this study, you will not lose any benefits to which you are entitled. You are free to 

withdraw your consent and to discontinue participation in this study any time.  
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Risks and benefits: There are no physical risks involved to the participants in this 

study. The investigator will not promise or guarantee that you will receive any direct 

benefit for being a part of this study.  

Privacy and confidentiality: Your identity will not be revealed. All the information 

collected will be coded so that your identity will not be known to others.  

Financial Incentives for participation: The cost of the study will be borne by the 

researcher. There will be no payment to you for participation in the study. 

Authorization to publish the results: The results of the study will be used for 

teaching and medical publications. However, the participant’s identity will be kept 

confidential.  

Questions: If you have any questions about this study, please call Dr Sidramesh 

Muttagi, principal investigator and surgeon at 9880491209 or Dr A. S Godhi, 

Principal, J. N. Medical College, KLE University Belgaum 0831-2471350 or 

Dr.Sudha Raddi, Chairman, Human Ethical Committee, KLE University Belgaum 

0831-2444444. 

 

 

 

 

 

 



Annexures 

Page 161 
 

Consent Statement: I am making a voluntary decision whether or not to participate 

in this study. My signature below indicates that I have decided to participate and I 

have read (or been read) the information provided above and I was given the 

opportunity to ask questions and that they have been answered to my satisfaction and 

that I have received a copy of this signed consent form.  

………………………………………………………………….. 

…………………………………………………………………..                        

Participant’s signature/thumb 

………………………………………………………………….. 

…………………………………………………………………..                          

Research Scholar’s Name & Signature 

…………………………………………………………………. 

………………………………………………………………….                           

Witness Name & Signature 

Date 
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ANNEXURE – V - STUDY PROFORMA 
 

Pattern of cervical lymph node metástasis and its association with clínico-

pathological variables in primary mandibular gingivo-buccal sulcus squamous 

cell carcinoma 

Proforma of Pathological details obtained after grossing of surgical specimens 

Name:                                                                             

Age:                       

 Sex: Male / Female 

OP No:                                                                           

Address & Contact Details: 

� pT size (cm) 

� Histological grade: well/moderate/poor 

� Involvement of bone 

� Perineural invasion 

� Lymphovascular emboli 
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Nodal levels submitted IA IB IIA  IIB  III  IV  VA VB  PAROTID 

NODES 

No. of nodes per level          

No. of positive nodes          

ECS *          

Total          
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Pattern of cervical lymph node metástasis and its association with clínico-

pathological variables in primary mandibular gingivo-buccal sulcus squamous 

cell carcinoma 

Proforma of clinical details: 

Name:                                                                             

Age:                        

Sex: Male / Female 

OP No:                                                                           

Address & Contact Details: 

Chief complaint:  

 

History of present illness: 

 

Habit history:   arecanut/ tobacco use/ smoking/ alcohol consumption 

Frequency:                                                            

Duration:  

 

Clinical tumor extent:  
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Involvement of adjacent structures:   skin/ bone/muscles/ nerve 

 

cTNM (AJCC 2009):  

 

REMARKS: 

 

 

 

 

 

 

 

 

 

 


