L))

Check for
updat

Page 1 of 5

Perineural invasion in oral cancer: challenges, controversies and
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Introduction

Oral squamous cell carcinoma (OSCC) corresponds to 95%
of head and neck cancers and it is the 6™ most frequent
cancer worldwide (1). Although numerous advances in
diagnosis and treatment have been reported, the overall
5-year survival rate for OSCC remains almost unchanged
within the past three decades (2). OSCC is characterized
by invasive growth patterns, frequently associated with
perineural invasion (PNI), high risk of regional lymph
node metastases, and a considerable rate of loco-regional
recurrences and second primary cancers. Many patients
have advanced-stage tumors at diagnosis that must be
managed with aggressive multimodality treatment that
frequently cause significant morbidity and mortality (3).
OSCC is not a single and uniform disease. In fact, it
includes a heterogeneous group of neoplasms that rises
from the accumulation of numerous epigenetic and genetic
modifications, frequently associated with exposure to
tobacco and alcohol carcinogens, resulting in the activation
and overexpression of oncogenes and inactivation of tumor
suppressors genes. These genetic modifications confer
advantages in cell division and survival to the cells, such
as growth factor-independent proliferation, resistance to
apoptotic signaling, and an enhanced capability to move
through the extracellular matrix (ECM) and invade adjacent
tissues (4). One of the most difficult barriers to overcome
in the treatment of OSCC is the ability of cancer cells to
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disrupt the basal lamina, degrade ECM, release themselves
from the primary lesion, escape immune system, gain access
to lymphatic and blood vessels, and establish metastasis at
regional lymph nodes and distant sites (5).

Treatment decisions in OSCC are mostly dependent
on tumor site, TNM classification, pathologic parameters
and patient’s clinical status and preferences. Several studies
have showed the significance of pathologic findings, such as
the type of invasive edge, inflammatory response, stromal
component, tissue eosinophilia, and PNI (6). Interactions
between epithelial tumor cells and the associated stroma are
a powerful connection that may influence cancer initiation
and disease progression. The perineural space provides an
appropriate tumor microenvironment for the growth of cells
from neurotropic malignancies, probably due to the secretion
of cellular factors [such as brain derived neurotrophic factor
(BDNF), the glial cell line derived neurotrophic factor
(GDNF), the neural cell adhesion molecule (NCAM),
the nerve growth factor (NGF), substance P (SP), and
chemokines] (7) and the presence of the respective receptors
that attract cancer cells and stimulate their growth and
proliferation along the nerves (5,8). Clinical, histological,
and biological features of PNI have been studied extensively
in several types of cancer. In head and neck cancers, the
tumor spread is often done along the major nerves, which
serve as conduits for intracranial extension. Trigeminal and
their branches [cranial nerve (CN) V], facial (CN VII) are
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the most commonly involved nerves. They also present an
extensive network of fibers and interconnections between
them that may serve for tumor cell migration. PNI is often
asymptomatic. However, neural spread may cause specific
symptoms such as pain, paresthesia, muscle weakness,
numbness and formication. Sometimes, in advanced cases,
complete denervation may induce muscle atrophy (9). The
role of these alterations in the management of patients
with OSCC is still controversial and open to debate. It is
clear and necessary a better understanding of the biological
and molecular mechanisms to target PNI as part of cancer
therapy for patients with advanced OSCC.

The majority of head and neck carcinomas are tobacco
and alcohol-related, occur in older patients, affect
tongue and floor of the mouth and has well-established
morphological prognostic factors such as pattern of invasion,
tumor grade, and PNI (10). However, in the last three
decades, the advent and increasing occurrence of human
papillomavirus (HPV) infection resulted in significant
changes in the clinical presentation, treatment planning and
outcomes. The majority of HPV-related carcinomas are
non-keratinizing squamous cell carcinoma that are more
responsive to surgery and radiotherapy with a favourable
prognosis, opening the opportunity to investigate new
treatment protocols aiming treatment de-escalation (11).
The specific biological and molecular mechanisms underlying
the expression of these histologic phenotypes (keratinizing
versus non-keratinizing) are unclear. Interaction between
HPV oncoproteins, specifically E6 and E7, modulate cell
cycle progression through the regulation of TP53 and RB
functions and it affects cell growth and differentiation, cell
immortalization, and prevent apoptosis (12). It is likely that
these alterations may be responsible for the development
specific microscopic alterations and specific types of
metastatic spread (such as PNI) that need to be explored.

PNI

PNI is a distinct form of metastatic spread independent of
lymphatic or vascular invasion (8). This route of metastasis
may difficult the capability to establish local disease control
because tumor cells can trek along nerve tracts and migrate
from primary tumor for distant sites that can be missed
during surgery procedures (5). Then, patients can present
pain due to the persistent growth with a long clinical
course. One limitation of the literature relating to PNI is
the absence of a clear standardized definition/classification
or method for detection (13). Cruveilheir described
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PNI in head and neck cancer for the first time in 1835.
Batsakis (1985) gave a more general definition of PNI as
tumor cell invasion in, around and through the nerves.
In 2009, Liebig et al. (8) proposed the most referenced and
accepted PNI description: “tumor in close proximity to nerve
and involving at least 33% of its circumference or tumor
cells within any of the 3 layers of the nerve sheath or tumor
is identified in close proximity to the nerve and involves
more than one-third of its circumference” (5,8,13). However,
these definitions do not make a clear differentiation between
“perineural spread” or the detection of cancer cells in and
around the perineural space, and “intraneural spread” or
the penetration of cancer cells inside the nerve; these details
might be difficult to identify by histological section but
could have significant impact in tumor prognosis (5,14). We
prefer to consider PNI as positive on finding tumor cells
in the perineural space or epineurium. Some studies have
broadly defined PNI as tumor cells touching a nerve (13,15).
Another concern is the method for detection to identify PNI
in histological analysis considering the biopsy procedure, the
laboratory protocol to prepare the slides, and the number
of tissue sections examined (5,13). There is a huge variation
in the incidence of reported PNI in OSCC, from a low
frequency between 2% to a high of 82%, specifically when
neural stains were used (16). This marked variation reflects
the absence of a standardized definition/ classification and the
lack of a clear method for PNI detection (13). Consequently,
this scenario contributes to the inconsistent conclusions
reached by different studies regarding the prognostic
impact of PNI in OSCC due to subjectivity and errors of
underreporting. The value of PNI in OSCC associated with
poor prognosis and the lack of target approaches reflect
the need of molecular studies involved in communication
between cancer and neural cells.

To the best of our knowledge, there are no published
studies focusing on specific characteristics of PNI, such
as the type, extension, and quality in OSCC, especially
as it associates with the clinical impact. In OSCC, only
the assessment of presence or absence of invasion in the
perineural space is a required component of pathologic
analysis according to reporting protocols published by the
College of American Pathologists and the Royal College of
Pathologists in the United Kingdom (17). PNI is present
in both primary and recurrent tumors, irrespective of its
histologic grade and it should be checked and reported in
every OSCC surgical specimen. Although some studies
have concluded that PNI is an independent predictive
factor for local and regional recurrence, others did not find
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Table 1 Manuscripts describing the prognostic impact of patients with head and neck squamous cell carcinoma with PNI

. Tumor Number of L

Author (year) Site classification patients Prognostic impact

Fagan et al. (1998) HNSCC T1-4 142 PNI increased risk of loco-regional recurrence and is an
independent predictive factor of extracapsular spread

Liao et al. (2008) OoC T1-3 460 No significant differences in 5-year local control and
overall survival rates

Huang et al. (2010) oC T1-2 148 In multivariate regression analysis, PNI was not a
predictive factor

Tai et al. (2011) oC T1-2 307 Elective neck dissection is indicative for patients with
PNI-positive tumors to improve disease specific survival
and neck control

Miller et al. (2012) HNSCC T1-4 142 PNI is correlated with nodal status, T stage and
disease-free survival

Chinn et al. (2013) OoC T1-4 88 PNI is an independent adverse factor of nodal
metastasis and extracapsular spread

Chen et al. (2013) OoC T1-2 442 PNI was not significant risk factors for the OSCC neck
control and overall survival

Lazer et al. (2013) HNSCC T1-4 291 PNI and lymph node invasion tend toward loco-regional
metastasis

Chatzistefanou et al. OoC T1-3 78 PNI is an independent predictor for cervical metastasis

(2014)

Shen et al. (2014) oC T1-4 116 PNI can predict the progression of tongue cancer and
prognosis of OSCC patients

Jardim et al. (2015) OoC T1-4 142 PNI has impact on survival outcomes in patients with
advanced OSCC tumors

Matsushita et al. (2015) OC T1-4 89 PNI and vascular invasion are risk factors for regional
metastasis and poor prognosis

Varsha et al. (2015) oC T1-4 117 PNI correlates with tumor thickness and lymph node
status

Fives et al. (2016) oC T1-4 54 PNI was not prognostic factor in multivariate analysis

Laske et al. (2016) oC T1-4 72 PNl in early disease has a particularly high impact on
survival

Joo et al. (2016) Hypopharyngeal T1-4 105 PNI was an independent predictor factor for cervical
lymph nodes

Anand et al. (2017) oC T1-4 83 PNI indicative of worse prognosis despite adjuvant
treatment

Kim et al. (2018) oC T1-4 373 PNI was correlated with tumor site and lymph nodes
metastasis

Nair et al. (2018) oC T1-4 152 PNI worsens survival and warrants intensification of
adjuvant therapy

Cracchiolo et al. (2018) oC T1-4 382 PNI predicts worse disease-free-survival

Baumeister et al. (2018) OC T1-4 178 PNI was marker for aggressive tumor growth

Yang et al. (2018) OoC T1-2 221 PNI predict cervical metastasis, loco-regional relapse

and poor survival outcome

OC, oral cancer; OSCC, oral squamous cell carcinoma; HNSCC, head and neck squamous cell carcinoma; PNI, perineural invasion. Table
inspired on the manuscript published by Bur et al. 2016 (13).
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any significative association and its role as an independent
prognosticator for local relapse and cervical metastasis
failed in these studies (Table 1) (15,17-20). Another issue
is that many publications have a relatively low number
of cases and included different subsites and tumor stages,
which might explain the wide discrepancies. The majority
of the investigations have shown that PNI is associated
with OSCC loco-regional recurrence, distant metastasis
and decreased 5-year overall survival probability (Table I).
Although these findings support PNI as an adverse risk
feature, it remains unclear how PNI should be exactly
measured, whether PNI should be quantified rather than
only be reported as presence versus absence, and how the
identification of PNI should affect the clinical management
of OSCC patients (21). The presence of PNI has also been
shown to mark late stage disease and one of the factors used
to decide about adjuvant radiotherapy/radiochemotherapy
(including the subgroup of node-negative patients) (6).
Some studies even suggest the need for elective neck
dissection in PNI-positive node negative tumors and
radical surgery associated with adjuvant treatment for the
advanced stage tumors (5). Recently, Yang er 4/. (2018) in
a prospective randomized trial from China showed that
elective neck dissection did not reduce the rate of loco-
regional relapse and/or improve disease specific survival in
early-stage OSCC patients with PNI (17). However, these
authors also suggested that further investigation is necessary
considering a larger cohort of PNI early-stage OSCC
patient population to clarify and then guide the optimal
procedures for neck management.

Recently, the National Comprehensive Cancer Network
panel (NCCN) published updates to the NCCN Clinical
Practice Guidelines in Oncology (NCCN Guidelines®)
and NCCN Drugs & Biologics Compendium (NCCN
Compendium®) for head and neck cancers indicating
radiotherapy as an adjuvant therapy option for patients with
perineural/vascular/lymphatic invasion following surgical
resection of a T1-T2, NO lesion (22). Although intensity-
modulated radiotherapy (IMRT) has reduced toxicity
compared to standard conformal radiotherapy techniques,
xerostomia, oral infections, dental caries, pain, taste loss,
and difficulty speaking and swallowing remain the critical
sequelae with significant impact in the quality of life for
OSCC patients. It is the responsibility of the clinicians to
discuss thoroughly with patients the potential benefits and
toxicity associated with adjuvant therapy to allow them to
make an informed decision concerning the treatment.
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Conclusions

PNI is a challenge to the multidisciplinary head and neck
cancer management. The presence of PNI necessitates
more aggressive treatment. The excision surgery must
involve the nerve path until clear margins are achieved. The
management of neck lymph nodes and the adjuvant therapy
is mandatory; the intensity-modulated radiation therapy
offer advantages to reduce toxicity and side effects and
therefore improve quality of life for patients with OSCC.
Understanding the mechanism of tumor progression and
the molecular events that promote PNI in OSCC can pave
way to the development of therapeutic agents that target
this form of tumor spread.
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