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Neural invasion (NI) represents a unique pattern of tumor 

spread characterized by the infiltration of malignant cells 

into, around, or through nerves. It occurs across several 

morphologic patterns and plays a pivotal role in diagnostic 

pathology as well as in prognostic stratification. Importantly, 

NI serves as a distinct route of cancer dissemination—

independent of lymphatic or vascular invasion and has 

emerged as a potent indicator of aggressive tumor biology. 

Clinically and histopathologically, neural invasion bears 

particular significance in malignancies of the head and neck, 

pancreas, biliary tract, colorectum, stomach, prostate, cervix, 

vulva, and penis, where it often correlates with recurrence, 

lymph node metastasis, and reduced disease-free survival.1  

In certain neoplasms, perineural invasion (PNI) may 

even constitute the exclusive route of metastatic spread, 

extending beyond the confines of local infiltration. 

Peripheral nerves possess a well-organized, layered 

structure comprising the endoneurium, perineurium, and 

epineurium. The endoneurium surrounds individual axons 

and Schwann cells, forming fascicles encased by the 

perineurium, a multilamellar barrier regulating the 

intraneural environment. These fascicles, together with their 

connective tissue matrix, are enclosed by the epineurium, 

which provides mechanical protection. The perineural space 

is an anatomical potential space that exists between the neural 

axons and their surrounding perineural layer.2   

Histologically, NI may be classified into two broad 

subtypes:   

1. Perineural invasion (PNI) is tumor cells infiltrating the 

perineural space.   

2. Intraneural (endoneural) invasion (INinv) tumor cells 

invading within the endoneurium or fascicular 

structures.   

 

 
Figure 1: PNI: Tumor cells (black arrows) in the perineural 

spaces involving >33% of the nerve circumference 

(Hematoxylin and eosin stain; 200X magnification) 

Notably, intraneural spread without accompanying 

perineural invasion remains uncommon.1 

Historically, Jean Cruveilhier first described neural 

involvement in head and neck cancer in 1835. Batsakis, in 

1985, defined PNI as tumor cell infiltration in, around, and 

through nerves.3,4 Later, Liebig et al. elaborated objective 

Content available at: https://www.ipinnovative.com/open-access-journals 

IP Journal of Diagnostic Pathology and Oncology  

Journal homepage: https://jdpo.org/ 

 

mailto:drinch@rediffmail.com
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:reprint@ipinnovative.com
http://www.khyatieducation.org/
https://orcid.org/0000-0002-3651-2986
https://www.ipinnovative.com/open-access-journals
https://jdpo.org/
https://www.ipinnovative.com/


100 Chakrabarti / IP Journal of Diagnostic Pathology and Oncology 2025;10(3):99-100 

criteria, describing PNI as either tumor presence within any 

of the 3 layers of neurolemma (Type A) and/or tumor in close 

proximity to the nerve involving more than one-third (> 33%)  

of the nerve circumference (Type B).4,5 (Figure 1) 

Brown proposed reserving the term “perineural spread” 

(PNS) for larger, named nerves that are often clinically or 

radiologically evident while referring microscopically 

detected involvement of smaller nerves as PNI.2 

More recently, the terminology is increasingly evolving, 

with “perineural tumor spread” (PNTS) used to describe the 

presence of cancer cells invading the outer surfaces of nerves 

while their invasion into the interior being referred to as 

PNI.5,6  

On the other hand, entrapment of an intact nerve within 

tumor tissue, without true contact or invasion by malignant 

cells, should not be misinterpreted as PNI, as it lacks 

comparable biological significance.  

Several groups have attempted to establish objective 

scoring systems, notably in head and neck squamous cell 

carcinoma (HNSCC) and pancreatic ductal adenocarcinoma 

(PDAC).7,8 Histological parameters evaluated in various 

studies include the number and size of involved nerves, depth 

of tumor, location of PNI (intratumoral i.e located within the 

malignancy or extratumoral i.e. separated at least 1 mm from 

the main lesions), circumferential extent of infiltration (focal, 

circumferential or intraneural), and mitotic activity in the 

perineural region. Higher composite scores are strongly 

associated with adverse outcomes, including recurrence and 

metastasis. 

Accurate identification of neural invasion sometimes 

may require deeper histologic sections and 

immunohistochemical correlation is employing S-100 for 

nerve structures and cytokeratin for tumor cells—to confirm 

definitive involvement.  

In conclusion, meticulous gross sampling and systematic 

histopathologic examination remain essential for accurately 

recognising and categorising neural invasion. Awareness of 

its subtypes and diagnostic thresholds is particularly vital in 

organs where PNI serves as an independent prognostic 

marker, guiding both prognostication and therapeutic 

decisions. 
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