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 The aim of this study was to evaluate the association of perineural 

invasion (PNI) with a depth of invasion (DOI) and neck node metastasis 

in patients with squamous cell carcinoma (SCC) of the oral cavity. A 

total of 201 eligible patients with histopathologically confirmed SCC of 

the oral cavity were enrolled. Patients were analyzed in two arms, Arm 

A (PNI-positive) and Arm B (PNI-negative). The clinicopathological 

profile along with the association of DOI and neck node metastases with 

PNI were studied in both arms. All data were analyzed using SPSS 

version 22. Among 201 patients, the majority were from carcinoma of 

the buccal mucosa (91,45.3%), followed by the oral tongue (59,29.4%). 

Histopathological evidence of PNI was present in 107 (53.2%), DOI of 

more than 4 mm was seen in 165 (82.1%), and less than or equal to 4 

mm was seen in 36 (17.9%) patients. Out of 102 PNI-positive patients, 

64 (62.7%) had positive neck node metastasis, whereas out of 89 PNI-

negative patients, 39 (43.8%) had positive neck node metastasis. This 

association of PNI with neck node metastases was found to be 

significant (p = 0.013). Here, 10 patients had unknown nodal status. The 

association of PNI with DOI was found to be statistically significant (p = 

0.00). Out of 165 patients with DOI greater than 4 mm, 101 (61.2%) 

were PNI positive, while out of 36 patients with DOI less than equal to 4 

mm, only 6 (16.6%) were PNI positive. PNI was also found to be 

associated with lymphovascular space invasion (p = 0.00) or 

extracapsular extension (p = 0.001) and was statistically significant. The 

presence of PNI in oral cavity cancers is found to be strongly associated 

with DOI and neck node metastases, suggesting that the presence of PNI 

implies tumor biology aggressiveness. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Oral cavity neoplasm is the eighth most common cancer worldwide, accounting for 3% of all malignant 
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neoplasms [1]. Oral squamous cell carcinomas (OSCC) account for more than 90% of all oral cavity 

cancers [2]. OSCC is associated with severe morbidity, recurrence, and a reduced survival rate. Its 

prognosis is affected by several clinicopathological factors, one of which is perineural invasion (PNI) [3]. 

PNI is a form of tumour spread exhibited by neurotropic malignancies that is correlated with aggressive 

behaviour, disease recurrence, and increased morbidity and mortality [4]. This study aims to evaluate the 

association of perineural invasion (PNI) with Depth of Invasion (DOI) and neck node metastasis in patients 

with squamous cell carcinoma of the oral cavity. 

 

2. Material and methods 

This study was a retrospective study of OSCC in a tertiary care centre from 2015 to 2020. The information 

was gathered from patient case sheets and our institute's record section. Ethical approval for this study was 

obtained from the institutional ethics committee. 

 

A total of 201 patients with histologically confirmed postoperative cases of oral squamous cell carcinoma 

were selected based on our eligibility criteria. Patients were excluded if they were aged less than 18 years, 

had synchronous malignancy at any other sites or any other malignancy in the past five years, had second 

primary, recurrent disease, or distant metastasis and had received neoadjuvant chemotherapy or 

radiotherapy before surgery. 

 

Patient information was collected like age, sex, a subsite of the tumour, maximum tumour size, lymph node 

status, stage, degree of differentiation, depth of invasion, perineural invasion, lymphovascular space 

invasion (LVSI), extranodal extension (ECE), surgical margin status, and pattern of invasion. 

 

In this study, we divided all 201 patients into two groups. One is with PNI positive with 107 patients and 

the other is with PNI negative with 94 patients. 

 

All the data was analysed using SPSS version 22. A chi-square test was performed to compare different 

discrete histopathological characteristics between the PNI-positive and PNI-negative arms. Statistical 

significance was taken as two-tailed p<0.05. 

 

3. Results 

Among 201 OSCC patients, the majority were carcinomas of the buccal mucosa (91,45.3%), followed by 

the oral tongue (59,29.4%), alveolus (30,14.9%), retromolar trigone (7,3.5%), gingivobuccal sulcus 

(6,3.0%), lip (5,2.5%), and hard palate (3,1.5%). In our study, more patients were male (159,79.1%) than 

female (42.20%). 

 

The majority of patients were in the age group 41 to 50 years (65,32%), followed by the age groups 31-40 

years (45,22%), 51-60 years (45,22%), 61-70 years (31,15%), 21-30 years (9,4%) and 71-80 years (6,3%). 

The mean age was 49.3±11.5. 

 

Histopathological evidence of PNI was present in 107 (53.2%), and PNI negative patients were 94 (46.8%). 

[Table 1] 

 

Considering T size, T2 is most prevalent (78,38.8%), followed by T3 (63,31.3%). When comparing PNI 

positive and negative groups, in both groups T2 was prevalent, but when we compared the percentage of 

PNI positivity, more PNI positivity was seen in the T4 group, with 60% of patients being PNI positive. 

Similarly, considering stage, PNI positivity was seen in 90 % of patients with stage IVb.[Table 2 & 3] 
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In our study, DOI is divided into two categories; one is DOI less than equal to 4mm and the other is DOI 

more than 4mm. A DOI of more than 4 mm was seen in 165 (82.1%) and less than or equal to 4 mm was 

seen in 36 (17.9%) patients. The association of PNI with DOI was found to be statistically significant (p = 

0.000).[Table 4] Out of 165 patients with DOI greater than 4 mm, 101 (61.2%) were PNI positive, while out 

of 36 patients with DOI less than equal to 4 mm, only 6 (16.6%) were PNI positive.(Figure 1) 

 

Out of 102 PNI positive patients, 64 (62.7%) had positive neck node metastasis, whereas out of 89 PNI 

negative patients, 39 (43.8%) had positive neck node metastasis. This association of PNI with neck node 

metastases was found to be significant (p = 0.013).[Table 5] Here, 10 patients had unknown nodal 

status.(Figure 2) 

 

Among 102 PNI positive patients, 25 (24.5%) had ECE, whereas out of 89 PNI negative patients, only 7 

(7.8%) had ECE. This association of PNI with ECE is found to be statistically significant (p = 0.001). Ten 

patients' ECE data were missing in this case.[Table 6] 

 

Out of 62 LVSI positive patients, 52 (83.8%) were PNI positive, whereas out of 139 LVSI negative 

patients, only 55 (39.5%) were PNI positive. Here, PNI was also found to be associated with LVSI (p = 

0.000).[Table 7] 

 

4. Discussion 

PNI was first defined in 1985 by Batsakis as "tumour cell invasion in, around, and through the nerves" [5]. 

The Batsakis definition essentially described the neurotropism of squamous cell carcinoma of the head and 

neck cancer, which was termed a ‘neurotropic malignancy" ‘by [4]. Several authors modified Batsakis' 

definition because it did not specify the layers involved by the tumor. 

 

Finally, [6] stated the term PNI to be used when tumour cells have involved either one of the three layers of 

the nerve or have extensive tumour nerve contact. 

 

This was further redefined by several authors who clarified that at least 33% of the nerve should be covered 

by the tumour cells to diagnose PNI [7]. 

 

Liebig described 2 histologic patterns of nerve involvement, Type A is identified when tumour cells are 

located within the peripheral nerve sheath with infiltration into three nerve sheath layers. Type B is noted 

when tumour cells are seen in close proximity to the nerve and involve at least 33% of the circumference 

[7]. 

 

Several characteristics of nerve invasion have been reported to increase locoregional and nerve pathway 

failure, which include a number of foci (focal versus extensive), >2 foci versus > 4 foci, calibre of the 

largest nerve diameter (0.1 or 1 mm), presence or absence of skipping involvement of the nerve, and 

intratumoral versus extratumoral location of PNI [8], [9]. 

 

According to [12] the incidence of PNI in OSCC varied from 6.1 to 82% [7]. According to [10] the 

incidence of PNI in head and neck squamous cell carcinoma is between 3 and 52%. The study by [11] 

reported an incidence of 6.5% of PNI in carcinoma of the oral tongue, whereas the study by Durr et al in 

2013 reported a PNI of 71% in carcinoma of the tongue. This variation in the incidence of PNI is attributed 

to a lack of standard and universal diagnostic criteria for PNI. In our study, the incidence of PNI was 

53.2%. Our results were consistent with [12]. The incidence of PNI was varied in different studies; for 
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example, it was 17.4% with [13], 40.5% with [3] and 45.2% with [14]. 

 

In our study, the mean age of PNI positive and negative patients was 48.7±11 and 49.9±12 respectively, 

which showed no difference, but the majority of patients were in the younger age group. This is in 

accordance with the present literature [13]. 

 

Males were dominant in our study with 159 (79.1%) patients. This may be due to the increased 

consumption of tobacco among males. However, we did not observe any sex predilection in some studies 

[13], [14]. 

 

According to [13], the percentage of PNI positivity with DOI less than 4mm was 13.3% and PNI positivity 

with DOI more than 4mm was 61.3%. In our study, we also found an almost similar result, i.e., PNI 

positivity with DOI less than 4mm was 16.6% and PNI positivity with DOI more than 4mm was 61.2%. 

This association was also found to be statistically significant (p = 0.000). This clearly shows that the 

percentage of PNI positivity increases when DOI increases. 

 

[3] discovered that nodal metastasis occurs in 69.3% of PNI positive tumours and 52.2% of PNI negative 

patients. In our study, 62.7% of PNI positive tumours have nodal metastasis, whereas 43.8% of PNI 

negative patients have nodal metastasis. This association was also statistically significant (p 0.013). 

According to [15], both PNI positive and node-negative tumours require elective neck dissection, indicating 

a significant association between PNI and lymph node metastasis. 

 

In our study, 24.5% of PNI positive patients had ECE, whereas 7.8% of PNI negative patients had ECE. 

And this finding was found to be statistically significant (p = 0.001). Here also, our study was consistent 

with [13], where 26.7% of PNI positive patients had ECE and 9.3% of PNI negative patients had ECE. This 

also clearly implies that with PNI positivity, there is also a high chance of ECE. 

 

PNI, LVSI, and DOI > 10 mm have now been identified as ‘soft adverse factors’ and their impact on 

recurrence has been evaluated by several authors [16]. 

 

In our study, 83.8% of LVSI positive patients were PNI positive, whereas 39.5% of LVSI negative patients 

were PNI positive. This association was also found to be statistically significant. However, the relationship 

of PNI with LVSI is now well established in the present literature. 

 

5. Limitations of the study 

The limitation of this study is that it is a retrospective study, conducted in a single tertiary care centre. 

Hence, its data can’t be generalised to the whole population. The majority of patients who receive prior 

neoadjuvant chemotherapy or radiotherapy are excluded from the study as biopsy reports usually lack PNI 

status. Hence, we are missing a majority of advanced diseases that should be included in our study. Again, 

we have only considered the presence or absence of PNI, but the density of PNI, pattern of PNI, the extent 

of neural involvement, and type of nerve involvement have not been analysed. 

 

6. Conclusion 

The presence of PNI in oral cavity cancers is found to be strongly associated with DOI and neck node 

metastases, suggesting that the presence of PNI implies tumour biology aggressiveness. 
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Table 1. Clinicopathological parameters in 201 OSCC patients 

Parameters Number Percentage (%) 

Age (in years) 21-30 9 4% 

 31-40 45 22% 

 41-50 65 32% 

 51-60 45 22% 

 61-70 31 15% 

 71-80 6 3% 

 

Sex Male 159 79.1% 

 Female 42 20.9% 

 

Subsite Buccal mucosa 91 45.3% 

 Tongue 59 29.4% 

 Alveolus 30 14.9% 

 Retromolar trigone 7 3.5% 

 GB Sulcus 6 3.0% 

 Lip 5 2.5% 

 Hard palate 3 1.5% 

 

T T1 16 8.0% 

 T2 78 38.8% 

 T3 63 31.3% 

 T4 40 19.9% 

 Not known 4 2.0% 

 

Nodes Negative 88 43.8% 

 Positive 103 51.2% 

 Not known 10 5.0% 

 

M M0 201 100% 

 

Stage I 9 4.4% 

 II 33 16.4% 

 III 62 30.8% 

 IVA 66 32.8% 

 IVB 21 10.4% 

 Not known 10 5.0% 

 

Depth of invasion 0-4mm 36 17.9% 

 >4mm 165 82.1% 
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PNI Negative 94 46.8% 

 Positive 107 53.2% 

 

LVSI Negative 139 69.2% 

 Positive 62 30.8% 

 

ECE Negative 159 82.1% 

 positive 32 16.9% 

 Not known 10 1.0% 
 

Table 2. Relation of T category with PNI 

PNI 

 T1 T2 T3 T4 

Positive 2 42 36 24 

Negative 14 36 27 16 

% PNI positive 12.5% 53.8% 57.1% 60% 
 

Table 3. Relation of Stage with PNI 

PNI 

 I II III IVA IVB 

Positive 2 14 33 34 19 

Negative 7 19 29 32 2 

% PNI positive 22.2% 42.4% 53.2% 51.5% 90% 
 

Table 4. Relation of DOI with PNI 

  PNI  P value 

  Negative Positive Total 

0.000 
DOI 0-4mm 30 6 36 

>4mm 64 101 165 

 Total 94 107 201 
 

Table 5. Relation of PNI with Neck Node Positivity 

  Nodes  P value 

  Negative Positive Total 

0.013 PNI 
Negative 50 39 89 

Positive 38 64 102 

 Total 88 103 191 

Missing data for Neck node metastasis - 10 
 

Table 6. Relation of PNI with ECE 

  ECE  P value 

  Negative Positive Total 

0.001 PNI 
Negative 82 7 89 

Positive 77 25 102 

 Total 159 32 191 

Missing ENE data - 10 
 

Table 7. Relation of LVSI with PNI 
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  PNI  P value 

  Negative Positive Total 

0.000 LVSI 
Negative 84 55 139 

Positive 10 52 62 

 Total 94 107 201 
 

 
Figure 1. Relation of DOI with PNI 
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Figure 2. Relation of PNI with Neck node metastasis 

 

 

 

 


