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Introduction

Head and neck malignancies have the propensity to invade nerves. Perineural tumor
invasion is common, with some series reporting rates of 30 to 100%. Squamous cell
carcinoma and adenoid cystic carcinoma are the most commonly involved tumors. The
most commonly involved nerves are the trigeminal (cranial nerve [CN] V) and facial
(CN VII) and their branches. Neural spread away from a tumor is encountered less often
and usually causes specific symptoms such as pain, muscle weakness, and atrophy,
depending on the involved nerves. While clinical symptoms and physical examination
may suggest the presence of neural invasion, specific imaging modalities such as fat-
suppressed T1-weighted magnetic resonance images, should be utilized to identify
perineural tumor spread in its early phases. Perineural tumor spread should be
considered and addressed in the treatment planning of patients with head and neck
or skull base cancers as it can influence the extent of surgery, and the dosage and fields
of radiation therapy. In the current review, we discuss the clinical course of perineural
tumor spread and its therapeutic implications.

tumor cells infiltrating nerves."? The presence of PNI does not
necessarily imply PNS.

Many head and neck malignancies have the propensity to
invade nerves and use them as a conduit of direct spread.
While nerves are important routes of tumor spread in head
and neck malignancies, the mechanism and impact on sur-
vival of perineural spread (PNS) remain to be defined. PNSis a
direct form of cancer spread, defined as the presence of gross
tumor spread along a nerve, which is at least in part distinct
from the main tumor mass. PNS should be distinguished from
perineural invasion (PNI), which is a microscopic finding of
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The finding of neural involvement has important implica-
tions for patient management. In cases in which surgical
margin areas include nerve involved with a burden smaller
than microscopic disease, and coincide with a distal-end PNS,
a false-negative margin status could be determined. Although
neural involvement does not necessarily reflect the potential
local cancer aggressiveness or kinetics of disease progression,
it is generally accepted that PNI is associated with poorer
prognosis and increased risk for locoregional recurrence.>~®
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The aim of this review is to provide an overview of the
literature addressing PNS in noncutaneous head and neck
malignancies. The diagnosis and surgical considerations in
the management of PNS will be presented. We will also briefly
present principles of radiotherapy management of PNS that
account for anatomical region of treatment, volume, and dose
fractionation. The biological mechanism of PNS pathogenesis
is beyond the scope of this review and is presented elsewhere
in this issue.

Epidemiology

The overall rates of PNS are difficult to estimate as PNS is not
always reported as a separate entity from PNI. Also, the
incidence of perineural involvement in noncutaneous head
and neck cancer varies according to the histopathology and the
anatomical location of the primary cancer site. Reported
incidence rates of PNI are in the range of 30 to 50% depending
on the pathological diagnosis. High incidence rates of PNS are
found in patients with squamous cell carcinoma (SCC), adenoid
cystic carcinoma (ACC), and salivary duct carcinoma.>*’~?
Other salivary gland carcinomas (e.g., mucoepidermoid carci-
noma and acinic cell carcinoma) have lower rates of perineural
involvement.'®"" Melanoma and rhabdomyosarcoma rarely
invade nerves. Tumor origin also plays a role in PNS. High rates
of PNS are found in tumors of the skull base, skin, and paranasal
sinuses, while the oral cavity, tonsil, larynx, and pharynx are
less likely to present PNS.!

Protocols of the American College of Pathologists mandate
inclusion of PNI status for head and neck malignancies.'?
However, while PNI is often clinically silent and may be
underreported due to inadequate imaging and limitations
of computed tomographic (CT) scan or magnetic resonance
imaging (MRI), PNS is almost always symptomatic. This often
leads to considerable variation in the rates of neural
involvement.'3
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Patterns of Perineural Spread in Head and
Neck Cancer

Tumors can propagate both antegrade and retrograde along
nerves. Retrograde PNS toward the brain stem occurs more
often, with antegrade spread along branching and intercon-
necting nerves.*'# This pattern of progression results in
pathologically continuous abnormal regions of the nerve
where there is a low-tumor burden.'*'> Radiologically,
such pattern of progression along the nerve may appear
discontinuous on imaging (~Fig. 1).2 The nerves most com-
monly involved in PNS of the head and neck are the facial and
trigeminal nerves.!?

Nerve Invasion Occurs within the Perineural and
Intraneural Space

The traditional classification of tumors with neural invasion
(NI) is based on the involvement of a named or unnamed
nerve.'® An alternative classification is based on nerve diam-
eter.!’ Histopathological features of NI include PNI, defined as
the presence of viable tumor cells in the perineural space;
intraneural invasion, defined as the presence of PNI with
tumor cells invading into and/or with irregular destruction of
the axon of the nerve bundles, as reported previously; and the
presence of perineural inflammation (invasion of cancer cells
into the perineural space with the presence of lymphocytic
infiltration).'®1°

Facial Nerve (Cranial Nerve VII)

PNS along the facial nerve occurs most commonly in the
parotid cancer (~Fig. 1), either primary salivary gland tumors
or metastatic lesions. Invasion occurs immediately after its
emergence from the stylomastoid foramen where it divides
into two main trunks, and then into the five peripheral
branches. PNS spread along cranial nerve (CN) VII results in
metastasis inside the internal auditory canal?%?', and to a

Fig.1 Basaloid salivary neoplasm (A, arrow) with PNS along the mastoidal segment of the facial nerve (B, arrow). Note a tumor in the parotid with
an enlarged facial nerve lateral to the jugular bulb demonstrating the discontinuity between the lesion and the nerve. PNS, perineural spread.
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Fig. 2 Adenoid cystic carcinoma of the hard palate (C, asterisk) with PNS along the greater palatine nerve to the pterygopalatine fossa
(A-C, arrows). Note enlargement of the greater palatine foramen on CT (A, arrow). CT, computed tomography; PNS, perineural spread.

lesser extent, a retrograde spread along CN VII may result in
PNS to the geniculate ganglion, the greater superior petrosal
nerve, and vidian nerve, which then travels through the
pterygoid (vidian) canal to the pterygopalatine fossa (PPF).22

Maxillary Nerve (Cranial Nerve V5)

Maxillary nerve involvement occurs mainly in SCC or ACC of
the paranasal sinuses or the oral cavity through invasion to
the palatine nerves. Tumor cells then spread in a retrograde
fashion to the main trunk of V; in the PPF (~Fig. 2). The
maxillary nerve passes through the foramen rotundum on its
way to the cavernous sinus (~Fig. 3).

Mandibular Division (Cranial Nerve V3)

Any tumor involving the mandible or the masticator space
may spread via the mandibular nerve through the foramen
ovale (=Fig. 4). In these cases, it is crucial to assess the full
extent of PNS radiologically, along Vs, from the inferior
alveolar nerve back to the Meckel cave (=Fig. 4). As well

diffuse enhancement of the pterygoid and masseter muscles
is consistent with denervation myositic changes from V3
injury.

The Gasserian ganglion in the Meckel cave is where the
three divisions of the trigeminal nerve are united. Involve-
ment of all three divisions of CN V is suggestive of a lesion
posterior to the cavernous sinus in the Meckel cave. Naso-
pharyngeal carcinoma may extend directly into the cavern-
ous sinus and invade the CNs via this route.

Cavernous Sinus

Within the cavernous sinus, V, and CN VI are affected more
commonly than are CN V;, I1I, and IV.° Spread into the PPFand
masticator space involves V,, and Vs, respectively.g’23 Pos-
terolateral spread into the parapharyngeal space may result
in involvement of the lower CNs—IX, X, XI, and XIL'? Patients
with cavernous sinus involvement usually present with oph-
talmoplegia and masticatory muscle wasting (V3), most
prominent at the temporal fossa.

Fig. 3 Periorbital melanoma (A, asterisk) with PNS along the infraorbital nerve to the pterygopalatine fossa and foramen rotundum (B, arrows).

PNS, perineural spread.
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Fig. 4 Rhabdomyosarcoma of the masticator space on the left spreading along V3 and the foramen ovale (A, asterisk) to Meckel cave. Note
denervation of the temporalis (B, arrow) and masseter muscles visualized with increased T2 signal and enhancement consistent with denervation

myositic changes from V3 injury.

The spread between nerves might occur via anastomosing
branches. The most common interconnection is between the
CN V, from the pterygopalatine ganglion via the vidian nerve
in a retrograde manner to the geniculate ganglion and CN VII.
Alternatively, parasympathetic contributories to the auricu-
lotemporal nerve, originating from CN VII, connect CN V to
the facial nerve in the region of the stylomastoid foramen."’

Signs and Symptoms

Most cases of PNS are initially asymptomatic.'® Symptoms
reflect the involved nerves. Since the most common CNs
involved are the trigeminal and facial nerves, the symptoms
most noticed by patients are sensory including pain, pares-
thesia, numbness, and formication. Painless sensory neurop-
athy is suggestive of PNS.24 Motor weakness of the muscles of
mastication or facial expression may occur with more pro-
longed or extensive PNS. In contrast to other causes of facial
weakness, involvement of selective branches of the nerve, and
progressive or relapsing course are indicative of PNS.

Involvement of the lower CNs can also cause motor weak-
ness with palatal deviation, vocal cord paralysis, shoulder
weakness, or tongue deviation. Muscle atrophy with loss of
masseter muscle bulk, or glossal atrophy is apparent in
longstanding cases.

Diagnostic Imaging

Better soft tissue contrast and reduced artifacts from dental
hardware make MRI superior to CT scanning for detecting
PNS.'3-14.25 MRI has a sensitivity of 95 to 100% for detection of
PNS, as well, its accuracy in predicting the entire extent of
disease was reported up to 83%.'>2%27 Some authors stressed
the importance of radiological technique and diligence in
searching for PNS especially in asymptomatic patients.'>282°
Some areas are best depicted on a particular plane; for
example, foramen ovale and V3, and also involvement of
the Meckel cave, may be best visualized on coronal images.'*

Characteristic features of PNS on CT scan include: (1) widen-
ing of foramina, (2) convexity of the cavernous sinus wall, and (3)
the presence of soft tissue or (4) enhancement within the Meckel
cave."’>14 In some cases, nerve might appear thickened on CT
scan but CT is less sensitive than MRI (=Fig. 2). Masticator
muscle atrophy occurring with chronic mandibular division (Vs)
denervation can be appreciated on both MRI and CT scan. In such
cases, increased intensity on T2-weighted images and abnormal
enhancement in the muscle after acute or subacute denervation
is present (~Fig. 4).2

Some conditions can mimic PNS such as chronic infections
(fungal and viral neuritis), sarcoidosis involving the skull base
and meningiomas extending into, and widening adjacent
foramina.'*%° Also, normal enhancement of venous plexus
along the nerve might be difficult to differentiate from PNS.

Perineural Spread and Survival

Neural involvement in the forms of PNI and PNS has prognos-
ticimplications, and thus therapeutic significance. While PNS
can be detected preoperatively and guide surgical planning,
PNI, as a pathological feature, is often appreciated only
postoperatively. Hence, the association between PNI and
survival was extensively studied as a prognostic factor. PNI
is increasingly recognized in several human tumors as an
adverse prognostic factor, associated with increased risk of
locoregional recurrence, especially in the presence of intra-
neural invasion. Furthermore, in some tumor sites, PNI has
been found to be associated with an increased risk of distant
metastasis.* Still, the evidence for this is conflicting.*3%-3

Squamous Cell Carcinoma

In head and neck SCC, PNI is generally considered as an
adverse feature and has been associated with an increased
risk of locoregional recurrence. = Table 1 summarizes the data
regarding the prognostic significance of PNI in head and neck
SCC.%7-32-38 The evidence is conflicting regarding the influ-
ence of PNI on disease control and survival.37-39-4!
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PNI, perineural invasion; PS, paranasal sinuses; T, tongue.

?Disease-specific mortality.
PNerve diameter < 1 mm.

Amit et al.

“Nerve diameter > 1 mm.

Various implications for PNS as a prognostic factor have
been suggested, according to different subsites within the
head and neck. For instance, a significant prognostic effect
was found for regional recurrence in early-oral tongue scc.38
Nerve size was also found to correlate with outcome. Patients
with PNI of nerves > 1 mm in the oral cavity had significantly
increased local recurrence and decreased overall survival
rates.® While PNS along minor nerves was reported not to
be associated with outcome, PNI of small nerves was reported
to be associated with an increased risk of local recurrence and
decreased disease-specific survival.>> Although most series
do not match cohorts according to adjuvant treatment regi-
mens, most head and neck oncologists consider the presence
of PNI in the absence of other adverse tumor features to be a
relative indication for adjuvant radiotherapy.*?*3

There is conflicting evidence regarding the role of concur-
rent chemoradiation treatment for PNS. Some authors re-
ported improved 5-year locoregional control in patients with
PNI treated with concurrent chemoradiation treatment, com-
pared with those without PNL** However, other sentinel
studies (e.g., European Organisation for Research and Treat-
ment of Cancer [EORTC] 22931 and the Radiation Therapy
Oncology Group [RTOG] 9501) showed that the beneficial
effect of concurrent cisplatin was for patients with positive
margins or nodal extracapsular extension and not PNI.*>:46

There is currently no level-I evidence to support the
addition of systemic therapy based on the presence of PNI.
PNI is identified as a factor associated with an “intermediate”
recurrence risk in an ongoing phase III trial (RTOG 0920) that
examines the benefit of the addition of concurrent cetuximab
to postoperative radiotherapy in patients at intermediate risk
(~30% or less) for postoperative recurrence.?’:48

Salivary Gland Cancers

Controversy exists regarding the role of PNI as a prognostic
factor in ACC and other salivary gland tumors. The evaluation
of patients with salivary gland malignancies is hampered by
their rarity and indolent course. Most studies are limited to
single institutes and most series are small.>*° ~Table 2
summarizes the data regarding the prognostic significance
of PNI in head and neck ACC.>16-59-61 Spiro showed that PNI
did not correlate with distant metastases or survival rates.%2
However, other studies have suggested that specific PNI
features might play a role in either locoregional recurrence
or overall survival; for instance, some authors reported that
PNS in a major or named nerve is significant for locoregional
recurrence.'® Still, these conclusions are limited by small
sample size, short follow-up, mixed salivary gland patholo-
gies, and variable histological sampling and PNI reporting.
Furthermore, in many of these retrospective trials, preopera-
tive MRI is missing and limits the ability to identify the
presence of macroscopic PNS. This factor limits the interpre-
tation of these studies.

Some tumors such as polymorphous low-grade adenocar-
cinomas demonstrate a mild propensity for PNS. These
tumors have an indolent natural history with a low risk of
late-local recurrence after surgical resection with adequate
margins.®*% However, high-grade salivary gland tumors,
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such as salivary duct carcinomas and adenocarcinoma
not otherwise specified, have higher risk of PNS and
recur at the skull base.%” Thus, specific histopathology and
tumor grade should be considered before adjuvant therapy
administration.

Although PNI is considered by most authors not to be
associated with outcome, we previously showed that one-
third of patients with ACC have invasion within the neural
bundles; and that neither PNI by itself or PNI were predictors
of outcome; however, intraneural evidence of cancer invasion
was identified as an independent histological sign of poor
survival.®!

For staging purposes, PNS is not a specified staging entity
for clinical or pathological primary tumor T-classification.
Still, PNS is relevant for anatomical extent (e.g., skull base) or
functional impairment (e.g., facial nerve palsy).8 While the
pathological finding of PNI should be considered as a relative
indication for postoperative radiotherapy of some salivary
gland tumors, the presence of PNS should not preclude
consideration of curative therapies.

Perineural Spread and Treatment Considerations
The surgical management of PNS requires careful preopera-
tive assessment and planning to achieve clear surgical mar-

gins. Surgical resection must follow the path of the nerve.
Considerations regarding nerve preservation are discussed
elsewhere in this issue. As a general rule, if oncological
resection can be achieved safely, functioning nerves should
be preserved; and nerves with functional involvement should
be sacrificed and resected with the tumor. Skull base involve-
ment is often seen with PNS and requires a multidisciplinary
approach. Most patients require either preoperative or post-
operative adjuvant radiotherapy with or without chemother-
apy. In one series, 60% of the patients required facial nerve
resection. Still, the low overall complication rate (6%, stroke,
3% cerebrospinal fluid leak, and 1.5% hematoma formation)
and acceptable 2- and 5-year disease-free intervals of 68 and
50%, respectively, emphasize the curability of these pa-
tients.%? PNS almost always presents as a nonfunctioning
nerve amenable for sacrifice; however, when PNS is unre-
sectable, targeted radiation treatment of the nerve should be
considered.

The radiation planning target volume should consider
macroscopic PNS seen on imaging with the same dose as
the primary epicenter, that is, 66 to 70 Gy.54'6° For cases with
high risk of microscopic PNI and no macroscopic disease on
imaging, adjuvant treatment with a dose range of 50 to 66 Gy
in 1.8 to 2 Gy fractions is appropriate.70 Accordingly,

Fig. 5 IMRT planning according to preoperative magnetic resonance image (A, axial and C, sagittal) and postoperative simulation computed
tomography (B, axial and D, sagittal). Irradiation fields include the hard palate and the course of V2 along the greater palatine canal to the medial
cranial fossa, including the foramen rotundum and the vidian canal. Isodose line distribution of 60 Gy (100% of the prescription dose, red), 57 Gy
(95% of the prescription dose, orange), and 55 Gy (the tolerance of the optic nerves and optic chiasma). IMRT, intensity-modulated radiotherapy.
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inclusion of the skull base in the irradiated volumes resulted
in a trend for lower recurrence compared with treatment in
which it was not included.”’ Some authors suggested that in
cases with ACC involvement of a named nerve, clinical target
volume should include the course of the nerve back to the
skull base.'®®2 Inclusion of the brainstem should possibly be
required in the presence of macroscopic disease or positive
surgical margins in the skull base and neural foramens. Also,
antegrade CN involvement should be considered in clinical
target volume planning, to reduce risks of recurrence and
failure.

Modern radiotherapy techniques, such as intensity-mod-
ulated radiotherapy (IMRT) are highly accepted and broadly
available.”>”3 A comprehensive review of radiation treatment
for PNS is beyond the scope of this article and described
elsewhere in this issue. Such techniques enable delivery of
therapeutic dose to particular CN pathways in a conformal
manner, allowing for very complex volume irradiation while
sparing adjacent vital structures (=Fig. 5). While good pro-
spective data comparing IMRT and conformal three-dimen-
sional (3D) radiotherapy is lacking, the wide use of IMRT in
clinics has produced ample data, and clinicians are urged to
use it in most of the cases. The role of systemic therapies in
the management of PNS remains unclear.

Conclusion

The presence of PNS in head and neck cancer poses diagnostic,
prognostic, and management challenges for the multidisci-
plinary team. The existence of PNS should be evaluated. MRI
plays a pivotal role in its radiological identification. While
cure and long-term disease control should be desired, adverse
tumor features, patient comorbidities and performance sta-
tus alongside potential treatment toxicities should be con-
sidered for the recommendation of adjuvant therapy for PNS.
Goals of therapy should include minimizing treatment-relat-
ed toxicities and maintaining patient quality of life. These are
usually achieved by optimal oncological surgery and ad-
vanced radiation therapy. Clinically, there is no targeted
therapy indicated for PNS or PNI in head and neck cancer.
While radiotherapy planning for skull base PNS is complex,
3D radiation delivery enables accurate treatment of complex
targets in close proximity to nearby critical structures. How-
ever, patterns of failure, quality of life, and long-term treat-
ment-related morbidity remain to be assessed.
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