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Perineural invasion (PNI) in cutaneous squamous cell carcinoma (SCC) of the periocular region is a prognostic marker of adverse
tumour outcomes. PNI carries a well-established risk of tumour recurrence, regional metastasis and higher likelihood of mortality.
This review will explore and stratify the risks conferred by histological PNI parameters. The radiological features of perineural spread
(PNS) and the imaging sequences that delineate these findings will also be highlighted. Surgical excision with en face margin
control is the preferred technique for achieving histological clearance. Adjuvant radiotherapy improves treatment outcomes in the
setting of concomitant high-risk features. For locally advanced or metastatic cutaneous SCC, immunotherapy represents a novel
treatment alternative. This review will provide an algorithm for the diagnosis and management of periocular SCC with PNI and PNS.
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INTRODUCTION
Squamous cell carcinoma (SCC) is the second most common
cutaneous malignancy of the eyelid and periorbital region in the
West, while large epidemiological studies from India and China
have shown that it is the third most prevalent malignant eyelid
tumour [1–3]. SCC is characterised by its potential for rapid
growth, deep subclinical extension and propensity for perineural
and vascular invasion [1]. The potential sequelae of periocular SCC
include orbital and intracranial invasion, nodal and distant
metastasis, and mortality.
Perineural invasion (PNI) is a histological marker of aggressive

disease that is associated with locoregional recurrence, metastasis
and reduced tumour-specific survival [1, 4]. It often occurs
concurrently with other high-risk features including large tumour
size, poor histological differentiation, lymphovascular invasion and
chronic immunosuppression [5]. The incidence of PNI is reported
to be 2.5–14.0% of head and neck SCC [4, 6, 7], and 4.3–14.4% of
periocular SCC [8–12]. Other studies of eyelid SCCs have reported
a higher incidence of PNI ranging from 23.8 to 36.7%, which may
be explained by more advanced disease at presentation [13–15].
It is important to understand the distinction between the terms

PNI and perineural spread (PNS) as the latter confers a different
prognosis and management paradigm. PNI is a histological term that
refers to findings within a resection specimen. PNS refers to clinically
manifest symptoms of pain or dysesthesia, and/or radiologically
detectable perineural infiltration. PNS has also been termed ‘clinical/
radiological PNI’ which may be a source of confusion and, hence, in
this review we will use the terms PNI and PNS as defined above in
concordance with the current literature.
It should be noted that while there is good evidence for the

prognostic implications of PNI/PNS, there is a lack of robust
randomised controlled trials to provide definitive management

guidelines. Furthermore, the majority of evidence is derived from
head and neck cSCC rather than the relatively sparse periocular
SCC literature which is mostly comprised of retrospective studies.
This review aims to provide clinicians with a pragmatic approach

to the risk stratification and management of periocular SCC with PNI
and PNS. Histological features of PNI and their prognostication will be
evaluated. En face margin control techniques are preferable to
confirm histological clearance. Adjuvant radiotherapy is warranted in
the presence of concomitant high-risk histological and clinical
features. The clinico-radiological characteristics and management
implications of PNS are also reviewed

PATHOGENESIS OF PNI
The peripheral nerve consists of three layers: (1) the innermost
endoneurium encircling axons, (2) the middle perineurium
surrounding fascicles, and (3) the outermost epineurium which
binds fascicles to form a peripheral nerve [16]. The perineurium
forms a mechanical barrier against toxins with multiple concentric
layers of endothelial cells bound by tight junctions, while the
endoneurium is supported by a blood-nerve barrier [17]. These
innate defence mechanisms refute the notion of a low-resistance
plane within the perineural space. The neurotrophic behaviour of
SCCs is likely driven by alternative processes.
At a cellular level, SCCs may remodel the peri-tumoral

environment via neurotrophic growth factor receptors (tyrosine
receptor kinase A, B, C) and nerve cell adhesion molecule (N-CAM),
which facilitate the attachment and invasion of tumour cells
beyond the perineural sheath [18, 19]. Deposition of laminin-5, a
basement membrane protein, also plays a role in the modulation
of cellular adhesion and inflammatory cascade signalling, thereby
enabling invasion into the perineural space [20]. There is a
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significant association between programmed death ligand 1 (PD-
L1) expression on immunohistochemical staining and pathological
features with a predilection for metastasis (namely large nerve
diameter, poor differentiation and tumour thickness) [21].

HISTOLOGICAL FEATURES OF PNI
Structural changes in PNI
PNI is characterised by microscopic tumour invasion into the
space between or beneath the interdigitating perineural layers,
involving at least one-third of the nerve circumference (Fig. 1A, B)
[16, 22, 23]. The nerve itself undergoes structural deterioration
with axonal and myelin damage, chronic inflammation and
fibrosis [24]. In the absence of an overtly involved nerve, signs
of perineural inflammation with lymphocytes (Fig. 1C) may
represent residual adjacent tumour [7, 25]. The use of pancytoker-
atin and S100 immunostaining with multiple examined levels may
also improve detection of subtle PNI (Fig. 1D, E) [26]. The absence
of demonstrable nerves in the dermis may also reflect more
proximal PNI with Wallerian degeneration of the distal smaller
cutaneous nerves [27].

Extratumoral vs intratumoral PNI
The location of PNI relative to the tumour mass has prognostic
significance. Intratumoral PNI describes invasion within the bulk of
the tumour mass, which appears to have little relevance regarding
tumour outcomes (Fig. 1F). On the contrary, extratumoral
involvement refers to PNI beyond the main tumour mass (Fig. 1G);
it is characteristic of more aggressive lesions, particularly in the
presence of established orbital signs [1]. There are no comparative
studies in the periocular SCC literature to define outcomes in each
division, but there is convincing evidence from head and neck

non-cutaneous SCC studies that extratumoral PNI is associated
with worse disease-free survival outcomes [28, 29].

Focal vs extensive PNI
PNI can be further subdivided into ‘focal’ involvement with 1–2
positive nerves, or ‘extensive’ involvement of greater than 2
nerves on the histological field [30]. Focal PNI is associated with a
better 5-year relapse-free survival rate than extensive nerve
involvement [31].

Skip lesions
Cutaneous SCC (cSCC) has been previously associated with so-
called perineural skip lesions [32]. Therefore, supposedly clear
resection margins may miss more proximal disease. The uncer-
tainty of residual disease has prompted some clinicians to deliver
radiotherapy despite clear surgical margins [33, 34]. However, ‘skip
lesion’ is considered an erroneous term and may in fact represent
processing artefacts, perineural inflammation obscuring true PNI,
and focal regression [16, 35]. Panizza et al. found that tumours
only spread contiguously along a peripheral nerve and therefore
radiotherapy should not be unnecessarily extended to encompass
the possibility of skip lesions [16, 36].

Nerve calibre
PNI with large-calibre involvement (≥0.1 mm in diameter) is a poor
prognostic marker in cSCC and significantly associated with other
high-risk histological characteristics. Large-calibre PNI (Fig. 1H) is
more likely to be extratumoral, deep (invasion beyond the
subcutaneous fat), and have multiple nerve involvement
[26, 37]. Furthermore, it is associated with lymphatic progression,
nodal metastasis and increased risk of disease-related death
compared with small-calibre PNI (Fig. 1I) [26, 38–40].

Fig. 1 Histological findings in perineural invasion (PNI). A, B Haematoxylin & eosin stain demonstrating invasion of tumour cells into the
perineural space involving at least one-third of the nerve circumference. C Perineural lymphocytic inflammation is characteristic of adjacent
PNI. D, E Immunohistochemical staining for pancytokeratin (carcinoma) and S100 (nerve) improves the detection of PNI. F Intratumoral PNI is
defined as an involved nerve within the bulk of the tumour mass. G Extratumoral PNI describes nerve involvement that is distant from the
main tumour mass. H, I Large-calibre and small-calibre nerves are distinguished by a threshold of 0.1 mm in nerve diameter.
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Histological parameters of PNI have been evaluated to
determine if there is a spectrum of PNI ‘severity’ [41]. These
parameters were nerve calibre (diameter of largest nerve
involved), multiplicity and depth of nerve involvement, and
location (intratumoral versus extratumoral; focal versus circumfer-
ential) [41]. Of these features, only nerve diameter and the
number of nerves were independently associated with local
recurrence, metastasis or tumour-related death. The authors
reported that nerve calibre ≥0.2 mm diameter conferred a higher
risk of adverse outcomes. This suggests that beyond the 0.1 mm
threshold, the risk increases proportionally with greater nerve
diameter involvement [41].

Depth of PNI
In a separate multicentre retrospective study of cSCC, depth of
nerve involvement was a significant factor associated with
lymphatic progression and disease-specific death in univariate
analyses. Although deep nerve involvement lost statistical
significance on multivariate calculations, it commonly occurs in
the presence of other high-risk tumour factors and should
nonetheless warrant caution [38].

DEFINING HIGH-RISK PNI
PNI in cSCC is ubiquitously considered a poor prognostic risk
factor in international cancer guidelines [42–45]. However, the
literature suggests that a more nuanced approach can be applied
to further stratify PNI parameters into a very high-risk category.
This includes extensive PNI (involvement of >2 nerves on a
histological field), named nerve or large-calibre (≥0.1 mm)
involvement, intra- vs extratumoral involvement and deep
invasion beyond the subcutaneous fat (Table 1).

ADDITIONAL HIGH-RISK TUMOUR FACTORS
Although this review focus is on PNI, it would be remiss not to
highlight other parameters that increase the risk of developing
PNI and individually contribute to an aggressive tumour profile. A
summary of these high-risk parameters is provided in Table 2.

● The Australian Cancer Council (2019) and American National
Comprehensive Cancer Network (NCCN) Version1.2022 guide-
lines recognise the periorbital region and eyelid as high-risk
locations for overall prognosis in cSCC [46, 47].

● Tumour size greater than 2 cm and a higher AJCC T category
(defined by tumour size and degree of eyelid margin involve-
ment) are both important determinants of PNI risk [10, 43, 48].

● For periocular SCC, longer duration of the lesion is associated
with a higher risk of orbital invasion and PNI [14].

● PNI is significantly more common in recurrent SCC than primary
tumours. Furthermore, lesions that have undergone a greater
number of surgical excisions, indicative of recurrent or
aggressive disease, are more likely to have PNI [48].

● Aggressive SCC phenotypes with atypical histology (spindle cell,
adenosquamous and post radiotherapy variants) and moderate
to poor differentiation are associated with a higher incidence of

PNI [4, 48]. The desmoplastic subtype of SCC significantly
increases the risk of orbital invasion [49].

● Tumour thickness greater than 6mm is associated with higher
risk of recurrence and metastasis [50].

● Other risk factors identified for nodal metastasis in head and
neck cSCC are lymphovascular invasion, poorly differentiated
histology and chronic immunosuppression [10, 13, 51]. There is
scant data on their prognostication in periocular SCC, but it is
reasonable to extrapolate and postulate that these risk factors
likely play a similar role.

● The 40-gene expression profiling test is a newly validated
assessment that identifies cSCC lesions as low, high or very high-
risk, of which the latter group has a ≥50% metastatic risk.
Appropriate risk stratification enables judicious use of resources
for aggressive surveillance and high-intensity management
strategies [52].

PERINEURAL SPREAD (PNS)
PNS predominantly affects the trigeminal and facial nerves due to
an extensive plexus of subcutaneous nerves [1, 4, 53]. It usually
occurs in a retrograde fashion [16]. The distribution is skewed to
the trigeminal nerve (V1 alone 24.3%, V2 alone 28.8% and V3
alone 4.5%) compared with sole facial nerve involvement (5.4%) or
combined trigemino-facial spread (8.1%) [54]. Around the
periocular region, there are numerous trigemino-facial anasto-
moses with connections between: (a) the infraorbital nerve and
the zygomatic branch of the facial nerve, (b) the supraorbital
nerve with the temporal branch of the facial nerve, and (c) the
zygomaticofacial branch of the maxillary nerve and the zygomatic
branch of the facial nerve [55].

CLINICAL FEATURES OF PNS
The median time between onset of primary cSCC and PNS is
16 months [56]. A summary of common symptoms and their
frequency is outlined in Table 3. Pain is common but early symptoms
include paraesthesia, hypoesthesia, and formication which is the
sensation of insects crawling across one’s skin [14, 57]. Motor deficits
are variable, but complete ophthalmoplegia is highly suggestive of
orbital apex involvement [57, 58]. A lower motor neuron facial nerve
palsy with progressive paralysis, absence of functional recovery after
6 months and facial hyperkinesia should prompt suspicion for
neoplastic infiltration [17, 53, 59].
Orbital SCC associated with PNS can occasionally present with a

subcutaneous or intraorbital mass in the distribution of the
involved nerve. These masses may have a significant cystic
component [24, 58, 60]. A subcutaneous nodule in the cheek,
forehead or frontal scalp may represent infraorbital or frontal
nerve involvement, respectively [61]. Intraorbital PNS most
commonly develops in the superomedial orbit as an enlarged
cord at the supraorbital foramen and can extend posteriorly,
resulting in globe dystopia and orbital apex syndrome [24, 57].

RADIOLOGICAL FEATURES OF PNS
Magnetic resonance imaging
On MRI, PNS is characterised by asymmetrical thickening and
enhancement of the involved nerve [62, 63]. Occasionally, PNS to the
orbit can manifest as a cystic mass demonstrating an isointense
T1 signal, hyperintense T2 signal and circumferential enhancement
[24]. Physiological enhancement of the maxillary, mandibular and
facial nerves can be visualised as a ‘target’ sign or ‘tram track’ pattern
at the foramen rotundum, foramen ovale and stylomastoid foramen,
respectively [64, 65]. Tumour infiltration may lead to heterogeneously
affected segments, giving rise to a ‘string of beads’ appearance [64].
Neural enhancement occurs due to perineural inflammation,

Table 1. Risk stratification of perineural invasion in periocular SCC.

Low risk High risk Very high risk

No PNI PNI present PNI present

∙ Periocular region ∙ Extratumoral involvement

∙ Focal involvement ∙ Extensive involvement

∙ Small-calibre nerve
<0.1mm

∙ Named nerve or large-
calibre ≥0.1 mm

∙ Dermal invasion only ∙ Deep invasion beyond
subcutaneous fat
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demyelination, ischaemia and/or axonal degeneration. Disruption of
the perineural tight junctions and endoneurial blood-nerve barrier
leads to extravasation of contrast material into the nerve substance
[66]. Enhancement is therefore an earlier radiological sign than nerve
enlargement [67]. Progressive and often concentric neural enlarge-
ment will cause secondary erosion and widening of the neural
foramina at the midface and skull base [55, 64]. It should be noted
that despite treatment response, there is often persistent perineural
thickening or enhancement [68]. Therefore, on imaging surveillance,
stabilisation or regression of the signal without further nerve
enlargement represents disease control [64].
On T1-weighted sequences, effacement of fat pads at the skull

base foramina is an important early sign of PNS. Fat signal
alterations may be seen along the course of the ophthalmic nerve
at the superior orbital fissure, within the orbital roof superior to
the superior rectus/levator complex and at the supraorbital
foramen. Changes in the peri-antral fat pads near the infraorbital
foramen, foramen rotundum and pterygopalatine fossa may
indicate PNS along the maxillary nerve and its infraorbital branch.
Fat density changes at the stylomastoid foramen are indicative of
facial nerve involvement [55].
High-resolution MRI performed with a dedicated field of view

and smaller slice thickness is the imaging modality of choice for
visualising PNS [62]. Examples of PNS secondary to periocular SCC
are provided in Fig. 2. A summary of the pertinent MRI features
and recommended imaging protocols is provided in Table 4.

● To detect PNS to the trigeminal and facial nerve branches, a
targeted field of view on axial slices should extend from the
frontal sinus to the hyoid, and on coronal sections, it should
encompass the nasal ala, anterior orbital border and the pons.

● T1WI is the sequence best placed to visualise effacement of
fat pads along the course of involved nerves and at the
foramina. Contrast-enhanced T1WI with fat suppression
enables the evaluation of nerve enlargement and enhance-
ment. T2WI with fat saturation can detect denervation and

secondary atrophy of the muscles of mastication and facial
expression. Affected muscles demonstrate a high T2 signal
and with time, adipogenic replacement will be evident on
non-fat-suppressed sequences [64, 67].

● Apparent diffusion coefficient (ADC) has emerged as a useful
quantitative measure of the diffusion weighted imaging
sequence. Restricted diffusion, and therefore a lower ADC
value, may be representative of cytotoxic oedema and
hypercellularity from neoplastic infiltration of an involved
nerve [55, 69]. There is no robust evidence to establish
definitive associations between restricted diffusion and PNS,
but it may provide useful ancillary data in the future.

CT and CT-PET imaging
Computed tomography has a limited role for detection of PNS.
Although enlargement of neural foramina can be visualised on
bone windows, this is often a late sign by which time neural
enlargement should already be evident on MRI.
The role of hybrid CT-PET imaging is still being determined, but

it may be useful in advanced disease for evaluation of nodal or
distant metastasis and treatment response. The findings on CT-
PET indicative of PNS include (a) linear or focal enhancement
along the course of the cranial nerves and neural foramina, and (b)
asymmetric fluorodeoxyglucose uptake in the pterygopalatine
fossa, Meckel’s cave and cavernous sinus [70].

EVALUATION OF REGIONAL AND DISTANT METASTASIS
PNI and PNS are risk factors for locoregional and distant metastasis.
Patients with palpable lymph nodes can be referred for confirmatory
fine needle aspiration or core biopsy, depending on institutional
practice. If there is no palpable lymphadenopathy, the indications for
nodal imaging are unclear. It should be noted that the false negative
rate of clinical examination for regional nodal metastasis is 15–30%
[71]. Therefore, in the presence of high-risk PNI parameters and other
concerning histological and clinical risk factors (Tables 1 and 2),
further imaging is warranted for the evaluation of subclinical nodal
disease. Ultrasound in the hands of a skilled operator has been shown
to have a greater sensitivity and specificity than CT and MRI for the
detection of nodal metastases in head and neck SCC, (ultrasound:
sens 87%, spec 86%; CT: sens 81%, spec 76%; and MRI: sens 81%,
spec 63%) [72, 73]. Furthermore, ongoing ultrasound monitoring for
early detection of metastatic nodal disease is preferable as it avoids
repeated ionising radiation exposure. However, access to personnel
and scanners will vary at each institution, so the exact protocols for
evaluation of nodal metastasis should be discussed with a
neuroradiologist and multidisciplinary team.
The role of sentinel lymph node biopsy (SLNB) in cSCC is ill-

defined and there is no data to suggest that SLNB status affects
recurrence or survival outcomes [71]. The NCCN guidelines are
equivocal and do not incorporate SLNB into its treatment algorithms
[47]. In periocular SCC with PNI, SLNB may be considered if there is
significant concern due to multiple high-risk features (Tables 1 and
2), if there is no palpable lymphadenopathy and no radiological
detection of locoregional metastasis [11].

Table 2. Summary of clinical and histological risk factors in periocular SCC.

Low risk High risk Very high risk

Clinical factors Depth of invasion <2mm Periocular location
Recurrent tumour

Tumour size ≥2 cm
Tumour thickness >6mm
Chronic immunosuppression

Histological factors Well differentiated
No PNI

Moderately differentiated
Acantholytic, adenosquamous or metaplastic subtype

Poorly differentiated
Desmoplastic subtype
Post radiation carcinoma
PNI
Lymphovascular invasion

Table 3. Clinical features of perineural spread.

Clinical features Frequency (%)

Numbness 56.7

Neuropathic pain 43.3

Paraesthesia 30.8

Formication 15.0

Burning 3.3

Subcutaneous mass 34.2

Facial palsy 39.2

Partial palsy 59.6

Complete palsy 40.4

Progressive onset 89.5

Sudden onset 10.5

Adapted from Warren et al. [54].
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PROGNOSIS
Both PNI and PNS aremarkers of an aggressive tumour profile. However,
PNI portends a better prognosis than PNS and has comparatively better
local control and cause-specific survival rates (local control 80% vs 55%;
cause-specific survival 75% vs 65%, respectively) [74].

Metastasis and disease-specific survival
In the periocular SCC literature, PNI positivity appears to be a
strong predictor for regional and distant metastases, though these
are small studies with insufficient data on long-term outcomes. In
Faustina et al.’s series, 55.6% of PNI-positive tumours (5/9 patients)
developed regional nodal metastasis and 22.2% (2/9 patients) had
distant metastasis, despite treatment with wide local excision and
postoperative radiotherapy [11]. In McNab et al.’s series of
perineural orbital spread from cSCC, two-thirds of the cohort
succumbed to disease-related mortality [57].
The association between PNI, recurrence and disease-specific

death can be extrapolated from the head and neck cSCC literature
[75, 76]. The incidence of PNI was significantly higher in lesions that
recurred compared to recurrence-free lesions (56% vs 11%,
respectively), and the relative risk (RR) of local recurrence in the
presence of PNI was 4.30 (95% CI 2.80–6.60) [50, 77]. PNI was an
independent predictor of nodal metastasis (RR 2.95, 95% CI
2.31–3.75), after adjusting for tumour location, differentiation pattern
and depth of nerve involvement [50, 78]. In advanced head and neck
cSCC, PNI was associated with worse disease-free survival at 2 years
(54% PNI-positive vs 78% PNI-negative) and overall survival at 5 years
(45% PNI-positive vs 76% PNI-negative) [77, 79, 80].

MANAGEMENT OF PNI
The periocular region is an inherently high-risk location and PNI is
not always apparent in a preoperative biopsy. Therefore, for all

periocular SCC lesions, we recommend surgical excision with
intraoperative margin control in the first instance. For lesions
without orbital invasion, en face margin control techniques such
as Mohs micrographic surgery (MMS) or complete circumferential
peripheral and deep margin assessment (CCPDMA), are preferred
for establishing true histological clearance. In the Australian Mohs
database study of periocular SCC, all cases with PNI (4.3% of the
cohort) were treated with MMS alone and experienced no
recurrence following 4–6 years of follow-up [8].
In the presence of radiologically confirmed orbital invasion, our

preference is to perform CCPDMA with fast-track paraffin sections
and delayed reconstruction, as appropriate orientation of frozen
sections of orbital fat can be difficult. In the context of large
tumours with orbital invasion, peripheral margin assessment may
be difficult and standard fine breadloaf sections may be utilised. If
the resection specimen demonstrates very high risk PNI features
or if there are other multiple concurrent high-risk factors, then a
multidisciplinary consult should be sought for consideration of
adjuvant radiotherapy.

MANAGEMENT OF PNS
PNS to the orbit presents a unique challenge for achieving
surgical clearance due to the potential for subclinical disease
involving surrounding neurovascular structures [81]. Anatomi-
cally, Panizza et al.’s zonal classification of PNS in head and neck
cSCC has implications for treatment options, in which Zone 1
and 2 disease is amenable to surgical resection to the zonal
boundary [36].

● Zone 1: ophthalmic nerve (V1) to superior orbital fissure,
infraorbital nerve (V2) to foramen rotundum, mandibular nerve
(V3) to foramen ovale, facial nerve to stylomastoid foramen.

Fig. 2 MRI findings in periocular squamous cell carcinoma with perineural spread. A Axial T1-weighted sequence demonstrates thickening
of the right nasociliary nerve and anterior ethmoidal nerve (arrow). B Perineural spread in the orbit can manifest as a cystic mass with a
hyperintense T2 signal (arrow), which may be representative of hypercellularity secondary to neoplastic infiltration. C T2 coronal sequence
demonstrating right frontal nerve enhancement and enlargement. D–F Coronal T1 fat-suppressed contrast-enhanced sequences
demonstrating different examples of V1 and V2 perineural spread with enlargement and enhancement of the nasociliary nerve (D), frontal
nerve (E, F) and infraorbital nerve (F).
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● Zone 2: trigeminal nerve branches, from Zone 1 to trigeminal
ganglion; facial nerve: from Zone 1 to lateral end of internal
auditory canal including geniculate ganglion.

● Zone 3: all nerves: proximal to the ganglion, into the
brainstem.

Zone 1 disease
There is a paucity of robust evidence to compare outcomes of
exenteration versus globe-sparing techniques for Zone 1
disease. At our institution, for disease confined to the involved
nerve with no significant orbital mass or soft tissue extension,
our preference is for globe-sparing en bloc resection of the
involved nerve up to its posterior margin. The transorbital
endoscopic approach provides excellent visualisation of the
involved structures and an opportunity to resect all nerve
branch points. The frontal nerve can be stripped to the superior
orbital fissure. Similarly for Zone 1 disease localised to the
infraorbital nerve, it is possible to resect the nerve to the
foramen rotundum via a transorbital route.
If there is significant tumour spread into the orbital soft tissue

outside of the involved nerve, then exenteration to the apex is
performed. Frozen section analysis of the apical tissues or posterior
nerve margin may be undertaken and if positive, consideration can
be given to an apical drillout to expose the lateral wall of the
cavernous sinus and resect the ophthalmic nerve more posteriorly.

Zone 2 disease
For Zone 2 disease, orbital exenteration with resection of the
relevant ganglion is appropriate. Although there have only been
small cohorts of ≤50 patients reported with such extensive disease,
surgical resection combined with postoperative radiotherapy can
achieve feasible long-term survival outcomes, with 5-year disease-
specific survival of 64–75% [36, 82]. A large cohort of 120 patients
from Warren and Panizza’s database in Queensland, Australia
found that the 5-year disease-specific survival for Zone 1, 2 and 3
disease was 84%, 64% and 15%, respectively (p < 0.0001) [56].

Zone 3 disease
Aggressive surgical resection is often deemed unsuitable for Zone
3 disease due its inherent association with lower survival likelihood
and the risk of significant perioperative morbidity [36, 83].

Radiotherapy for PNI and PNS. For periocular SCC, some authors
recommend adjuvant radiotherapy for all lesions with PNI or PNS
[9, 57]. The rationale for this aggressive approach is that if recurrent
disease were to occur in a major nerve trunk, it would inevitably
have a poor prognosis and salvage therapy would incur significant
morbidity. However, these were small retrospective studies of
periocular SCC and the risk of visual compromise from radio-
therapy must be considered. The average dose of adjuvant
radiotherapy for periocular skin carcinomas is 50–60 Gy [5]. At
these levels, severe dry eye, radiation keratopathy and cataract
formation are common complications [84–86]. Overall, there is

minimal discernible benefit to irradiate small-calibre PNI (<0.1 mm)
alone. However, it is recommended if there are multiple high-risk
features such as chronic immunosuppression, large tumour
diameter >2 cm, poor differentiation, deep invasion beyond
subcutaneous fat and lymphovascular invasion (Table 2) [44].
In the head and neck cSCC literature, PNS portends a poor

prognosis and therefore combined resection and elective
radiotherapy to the first echelon of regional lymph nodes has
been advocated regardless of the margin status [53, 82].
However, the locoregional recurrence rate is variable, ranging
from 41 to 62% [87, 88]. There is no standardised treatment
protocol for postoperative radiotherapy, but a reasonable
approach would be to include peripheral branches and the
dermatomal distribution of the involved nerve [82]. The poster-
ior extent of the radiotherapy field may vary based on whether
the posterior surgical margin was positive, individual patient
factors and institutional preferences. For instance, some may
treat to 1 cm posterior to a negative surgical margin whilst
others may extend further to the brainstem.

Chemotherapy. There is a paucity of data on the utility of
chemotherapy in periocular or head and neck cSCC. Theoretically,
chemotherapy should only have a limited role. Nerves affected by
PNI undergo axonal degeneration and segmental infarction. As a
result, blood supply to the perineural vascular plexuses is
compromised, which inhibits the delivery of chemotoxins to
tumour cells within the perineural space [89].
Individual case reports of multi-agent chemotherapy using

methotrexate, bleomycin and cisplatin have found promising results
for orbital perineural spread, but in the setting of progressive
intracranial disease, there is no evidence of definitive improvement
[33, 90]. It remains unclear if chemotherapy alone can achieve local
control or if there is a synergistic role with radiation. Further studies
are indicated to draw definitive conclusions.

Immunotherapy. Immune checkpoint inhibitors represent a
novel treatment option for surgically unresectable cSCC with
locally advanced or distant metastatic disease. In Migden
et al.’s seminal paper on immunotherapy in metastatic cSCC,
cemiplimab, a monoclonal antibody directed against the PD-1
receptor pathway, elicited a 50% response rate [91]. There is
also emerging though limited data that neoadjuvant PD-1
inhibitor immunotherapy may be an option for locoregionally
advanced and surgically resectable disease [92]. In a small pilot
phase 2 trial, it was observed that neoadjuvant immunotherapy
induced a substantial pathologic response such that it
obviated the need for adjuvant radiotherapy [92].
In 2018, cemiplimab received approval from the US Federal

Drug Administration to treat locally advanced or metastatic
cSCC that did not meet criteria for curative surgical resection or
curative radiotherapy. The following year, cemiplimab was
approved by the European Commission and NICE advisory
committees, the latter of which has made it available on the
National Cancer Drugs Fund. In Australia, it is provisionally

Table 4. Radiological features of perineural spread and the recommended sequences to enable detection of these findings.

MRI features MRI PNI protocol

∙ Nerve thickening or enlargement
∙ Nerve enhancement
∙ Obliteration of fat pads

∘ V1: supraorbital foramen, orbital roof superior to levator aponeurosis, superior
orbital fissure and orbital apex

∘ V2: pterygopalatine fossa
∘ VII: stylomastoid foramen

∙ Erosion and widening of the bony foramina
∙ Muscle denervation atrophy and adipogenic replacement

MR imaging skull base and face: CN I–VII
∙ Hyoid to frontal sinus: axial T1 noncontrast 2.5 mm, axial T2 fat-
saturated 512/3 mm
∙ Nasal ala to pons: coronal T1 noncontrast 2.5 mm, coronal 3D
T2 0.8 mm
∙ Axial and coronal T1 fat-saturated contrast-enhanced,
multiplanar reconstruction 1mm

Adapted from Schuknecht [64].
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approved by the Therapeutic Goods Administration for similar
candidates. The decisions for approval are largely due to
encouraging results from a phase 2 single-arm trial with 44% of
the cohort experiencing an objective clinical response and
demonstrating a tolerable safety profile [93].
The evidence for immunotherapy in periocular SCC with PNI

has been promising, but scant. There was one case report of a
primary suprabrow SCC with orbital extension that recurred
following radical surgical resection and radiotherapy, and was
eventually amenable to cemiplimab [94]. A separate case series
investigated the efficacy of pembrolizumab and cemiplimab
for head and neck cSCC with perineural spread that was
refractory to prior radical treatments [68]. Nine patients (82%)
attained stabilisation or improved disease control, which
compares favourably with the data from metastatic cSCC.

SUMMARY AND RECOMMENDATIONS FOR PERIOCULAR SCC
WITH PNI OR PNS
Risk stratification of PNI features

● High risk
J Periocular region
J Focal PNI (1–2 nerves on histological field)
J Small-calibre nerve <0.1 mm
J Dermal invasion only

● Very high risk
J Named nerve involvement or large-calibre nerve ≥0.1 mm
J Extensive PNI (>2 nerves on histological field)
J Deep invasion beyond subcutaneous fat

Imaging protocols for PNS
MRI is the recommended imaging modality for detecting PNS. The
indications are as follows:

● Any symptoms of PNS
● Focal PNI with multiple high-risk histological or clinical

features (Tables 1 and 2)
● Extensive PNI

The most useful imaging sequences are T1-weighted, T1WI fat-
suppressed contrast-enhanced, and T2-weighted with fat satura-
tion. The salient radiological signs of PNS are as follows:

● Nerve thickening or enlargement
● Nerve enhancement
● Obliteration of fat pads along the course of the involved nerve
● Erosion and widening of neural foramina
● Muscle denervation atrophy and adipogenic replacement

Management
A flowchart demonstrating our management algorithm is outlined
in Fig. 3. For periocular SCC, we recommend all surgical candidates
be offered en face margin controlled surgical excision if available.
In the absence of orbital invasion, MMS is preferable, but CCPDMA
via frozen section, or standard excision with a 4–6mm margin and
delayed reconstruction are reasonable alternatives. For lesions
with only focal small-calibre PNI and no other high-risk features,
regular clinical and imaging surveillance will suffice. Tumours with
very high risk PNI histological features and multiple concurrent
high-risk tumour factors (Tables 1 and 2) warrant multidisciplinary
involvement to consider adjuvant radiotherapy.

Fig. 3 Management algorithm. The definition of high-risk factors encompasses both high-risk PNI parameters and high-risk clinical and
histological tumour factors. High-risk PNI parameters include extratumoral involvement, large-calibre (≥0.1 mm diameter), named nerve,
multiple nerves or deep invasion beyond subcutaneous fat. Other high-risk histological factors include poor differentiation, aggressive
histological subtype and lymphovascular invasion. Additional high-risk clinical factors include chronic immunosuppression, tumour size larger
than 2 cm and tumour thickness greater than 6mm. CCPDMA complete circumferential peripheral and deep margin assessment via
intraoperative frozen section or permanent sections with delayed reconstruction, MRI magnetic resonance imaging, PD-1 programmed cell
death protein 1, PNI perineural invasion, PNS perineural spread, SCC squamous cell carcinoma.
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All tumours with suspicion of PNS should undergo a 3T MRI with
the protocols outlined in Table 4. Assessment of the draining
regional nodes can also be considered, even in the absence of
palpable lymphadenopathy. Such cases should ideally be dis-
cussed at a head and neck skin cancer multidisciplinary meeting.
Zone 1 PNS isolated to the nerve can be addressed by a globe-
sparing technique with stripping of the involved nerve to its
posterior margin via the transorbital route. Zone 1 PNS with orbital
soft tissue extension, or Zone 2 PNS, should undergo an
exenteration and adjuvant radiotherapy. Zone 3 PNS is considered
surgically unresectable disease, and may be eligible for radio-
therapy, chemotherapy or PD-1 inhibitor immunotherapy depend-
ing on institutional protocols and availability [36].

FOLLOW-UP
A vigilant follow-up schedule is an essential part of postoperative
care for patients with periocular SCC and PNI, due to the risk of
recurrence and perineural spread into the orbit and cranial fossa. It
is estimated that 85% of recurrences occur within the first 2 years
following initial treatment [30]. Routine ocular, skin and lymph
node examinations should be performed every 6 months, while
high-risk tumours warrant a shorter follow-up interval of
2–3 months. MRI surveillance of the orbit is recommended every
6 months for at least 5 years, then annually for life [95, 96]. Neck
node surveillance can be performed by MRI or ultrasound, with
the latter modality demonstrating a greater predictive accuracy in
the hands of experienced sonographers [72, 73]. MRI is useful for
delineating subtle soft tissue and perineural changes in situations
where sensory symptoms are rendered unreliable from prior nerve
resections. The interval for clinical and radiographic surveillance
should be individualised in the setting of multiple high-risk
histological features and/or comorbidities.

CONCLUSION
Perineural invasion is an established adverse prognostic marker
which confers a higher risk of local recurrence and regional and
distant metastasis. A thorough clinical evaluation of periocular SCC
with PNI should include risk stratification of PNI parameters and
MRI with PNI protocols to detect perineural spread. Surgical
excision with intraoperative en face margin control is strongly
encouraged. Adjuvant radiotherapy for high-risk lesions improves
the cure rate, but its utility in the periocular region should be
balanced by visual morbidity risk. PD-1 inhibitor immunotherapy is
suitable for non-surgical candidates with locally advanced or
distant metastatic disease. Further studies, particularly randomised
controlled trials, are necessary for the development of evidence-
based oncology protocols.

REFERENCES
1. Limawararut V, Leibovitch I, Sullivan T, Selva D. Periocular squamous cell carci-

noma. Clin Exp Ophthalmol. 2007;35:174–85.
2. Wang L, Shan Y, Dai X, You N, Shao J, Pan X, et al. Clinicopathological analysis of

5146 eyelid tumours and tumour-like lesions in an eye centre in South China,
2000-2018: a retrospective cohort study. BMJ Open. 2021;11:e041854.

3. Kaliki S, Bothra N, Bejjanki KM, Nayak A, Ramappa G, Mohamed A, et al. Malignant
eyelid tumors in India: a study of 536 Asian Indian patients. Ocul Oncol Pathol.
2019;5:210–9.

4. Goepfert H, Dichtel WJ, Medina JE, Lindberg RD, Luna MD. Perineural invasion in
squamous cell skin carcinoma of the head and neck. Am J Surg. 1984;148:542–7.

5. Gupta A, Veness M, De’Ambrosis B, Selva D, Huilgol SC. Management of squa-
mous cell and basal cell carcinomas of the head and neck with perineural
invasion. Australas J Dermatol. 2016;57:3–13.

6. Mohs FE, Lathrop TG. Modes of spread of cancer of skin. AMA Arch Derm Syphilol.
1952;66:427–39.

7. Cottel WI. Perineural invasion by squamous-cell carcinoma. J Dermatol Surg
Oncol. 1982;8:589–600.

8. Malhotra R, Huilgol SC, Huynh NT, Selva D. The Australian Mohs database:
periocular squamous cell carcinoma. Ophthalmology. 2004;111:617–23.

9. Donaldson MJ, Sullivan TJ, Whitehead KJ, Williamson RM. Squamous cell carci-
noma of the eyelids. Br J Ophthalmol. 2002;86:1161.

10. Sun MT, Andrew NH, O’Donnell B, McNab A, Huilgol SC, Selva D. Periocular
squamous cell carcinoma: TNM staging and recurrence. Ophthalmology.
2015;122:1512–6.

11. Faustina M, Diba R, Ahmadi MA, Esmaeli B. Patterns of regional and distant
metastasis in patients with eyelid and periocular squamous cell carcinoma.
Ophthalmology. 2004;111:1930–2.

12. Xie M, Yu J, Li L, Jia R, Song X, Wang Y, et al. Nomogram for preoperative
estimation of orbit invasion risk in periocular squamous cell carcinoma. Front
Oncol. 2020;10:564.

13. Nasser QJ, Roth KG, Warneke CL, Yin VT, El Sawy T, Esmaeli B. Impact of AJCC ‘T’
designation on risk of regional lymph node metastasis in patients with squamous
carcinoma of the eyelid. Br J Ophthalmol. 2014;98:498–501.

14. Soysal HG, Markoç F. Invasive squamous cell carcinoma of the eyelids and peri-
orbital region. Br J Ophthalmol. 2007;91:325–9.

15. Xu S, Sagiv O, Rubin ML, Sa H-S, Tetzlaff MT, Nagarajan P, et al. Validation study of
the AJCC cancer staging manual, eighth edition, staging system for eyelid and
periocular squamous cell carcinoma. JAMA Ophthalmol. 2019;137:537–42.

16. Panizza B, Warren TA, Solares CA, Boyle GM, Lambie D, Brown I. Histopathological
features of clinical perineural invasion of cutaneous squamous cell carcinoma of
the head and neck and the potential implications for treatment. Head Neck.
2014;36:1611–8.

17. Feasel AM, Brown TJ, Bogle MA, Tschen JA, Nelson BR. Perineural invasion of
cutaneous malignancies. Dermatol Surg. 2001;27:531–42.

18. Chen-Tsai CP, Colome-Grimmer M, Wagner RF Jr. Correlations among neural cell
adhesion molecule, nerve growth factor, and its receptors, TrkA, TrkB, TrkC, and
p75, in perineural invasion by basal cell and cutaneous squamous cell carcino-
mas. Dermatol Surg. 2004;30:1009–16.

19. Vural E, Hutcheson J, Korourian S, Kechelava S, Hanna E. Correlation of neural cell
adhesion molecules with perineural spread of squamous cell carcinoma of the
head and neck. Otolaryngol Head Neck Surg. 2000;122:717–20.

20. Anderson TD, Feldman M, Weber RS, Ziober AF, Ziober BL. Tumor deposition of
laminin-5 and the relationship with perineural invasion. Laryngoscope.
2001;111:2140–3.

21. Slater D, Barrett P. Standards and datasets for reporting cancers: dataset for
histopathological reporting of primary invasive cutaneous squamous cell carci-
noma and regional lymph nodes. The Royal College of Pathologists; 2019.
Available from: https://www.rcpath.org/uploads/assets/9c1d8f71-5d3b-4508-
8e6200f11e1f4a39/Dataset-for-histopathological-reporting-of-primary-invasive-
cutaneous-squamous-cell-carcinoma-and-regional-lymph-nodes.pdf.

22. Veness MJ, Biankin S. Perineural spread leading to orbital invasion from skin
cancer. Australas Radiol. 2000;44:296–302.

23. Liebig C, Ayala G, Wilks JA, Berger DH, Albo D. Perineural invasion in cancer: a
review of the literature. Cancer. 2009;115:3379–91.

24. Valenzuela AA, Whitehead KJ, Sullivan TJ. Ocular adnexal pseudo-cyst formation
as a characteristic feature of perineural spread in squamous cell carcinoma.
Ophthalmic Plast Reconstr Surg. 2006;22:201–5.

25. Ampil FL, Hardin JC, Peskind SP, Stucker FJ. Perineural invasion in skin cancer of
the head and neck: a review of nine cases. J Oral Maxillofac Surg. 1995;53:34–8.

26. Carter JB, Johnson MM, Chua TL, Karia PS, Schmults CD. Outcomes of primary
cutaneous squamous cell carcinoma with perineural invasion: an 11-year cohort
study. JAMA Dermatol. 2013;149:35–41.

27. Ebenezer GJ, McArthur JC, Thomas D, Murinson B, Hauer P, Polydefkis M, et al.
Denervation of skin in neuropathies: the sequence of axonal and Schwann cell
changes in skin biopsies. Brain. 2007;130:2703–14.

28. Lee LY, De Paz D, Lin CY, Fan KH, Wang HM, Hsieh CH, et al. Prognostic impact of
extratumoral perineural invasion in patients with oral cavity squamous cell car-
cinoma. Cancer Med. 2019;8:6185–94.

29. Miller ME, Palla B, Chen Q, Elashoff DA, Abemayor E, St John MA, et al. A novel
classification system for perineural invasion in noncutaneous head and neck
squamous cell carcinoma: histologic subcategories and patient outcomes. Am J
Otolaryngol. 2012;33:212–5.

30. Sapir E, Tolpadi A, McHugh J, Samuels SE, Elalfy E, Spector M, et al. Skin cancer of
the head and neck with gross or microscopic perineural involvement: patterns of
failure. Radiother Oncol. 2016;120:81–6.

31. Lin C, Tripcony L, Keller J, Poulsen M, Martin J, Jackson J, et al. Perineural infil-
tration of cutaneous squamous cell carcinoma and basal cell carcinoma without
clinical features. Int J Radiat Oncol Biol Phys. 2012;82:334–40.

32. Garcia-Serra A, Hinerman RW, Mendenhall WM, Amdur RJ, Morris CG, Williams LS,
et al. Carcinoma of the skin with perineural invasion. Head Neck.
2003;25:1027–33.

J.Y. Tong et al.

882

Eye (2023) 37:875 – 884

https://www.rcpath.org/uploads/assets/9c1d8f71-5d3b-4508-8e6200f11e1f4a39/Dataset-for-histopathological-reporting-of-primary-invasive-cutaneous-squamous-cell-carcinoma-and-regional-lymph-nodes.pdf
https://www.rcpath.org/uploads/assets/9c1d8f71-5d3b-4508-8e6200f11e1f4a39/Dataset-for-histopathological-reporting-of-primary-invasive-cutaneous-squamous-cell-carcinoma-and-regional-lymph-nodes.pdf
https://www.rcpath.org/uploads/assets/9c1d8f71-5d3b-4508-8e6200f11e1f4a39/Dataset-for-histopathological-reporting-of-primary-invasive-cutaneous-squamous-cell-carcinoma-and-regional-lymph-nodes.pdf


33. Loeffler JS, Larson DA, Clark JR, Weichselbaum RR, Norris CM Jr., Ervin TJ. Treatment
of perineural metastasis from squamous carcinoma of the skin with aggressive
combination chemotherapy and irradiation. J Surg Oncol. 1985;29:181–3.

34. Han A, Ratner D. What is the role of adjuvant radiotherapy in the treatment of
cutaneous squamous cell carcinoma with perineural invasion? Cancer.
2007;109:1053–9.

35. Reule RB, Golda NJ, Wheeland RG. Treatment of cutaneous squamous cell car-
cinoma with perineural invasion using mohs micrographic surgery: report of two
cases and review of the literature. Dermatologic Surg. 2009;35:1559–66.

36. Panizza B, Solares CA, Redmond M, Parmar P, O’Rourke P. Surgical resection for
clinical perineural invasion from cutaneous squamous cell carcinoma of the head
and neck. Head Neck. 2012;34:1622–7.

37. Campoli M, Brodland DG, Zitelli J. A prospective evaluation of the clinical, his-
tologic, and therapeutic variables associated with incidental perineural invasion
in cutaneous squamous cell carcinoma. J Am Acad Dermatol. 2014;70:630–6.

38. Conde-Ferreirós A, Corchete LA, Jaka A, Santos-Briz Á, Fuente MJ, Posada R, et al.
Patterns of incidental perineural invasion and prognosis in cutaneous squamous
cell carcinoma: a multicenter, retrospective cohort study. J Am Acad Dermatol.
2021;84:1708–12.

39. Karia PS, Morgan FC, Ruiz ES, Schmults CD. Clinical and incidental perineural
invasion of cutaneous squamous cell carcinoma: a systematic review and pooled
analysis of outcomes data. JAMA Dermatol. 2017;153:781–8.

40. Ross AS, Whalen FM, Elenitsas R, Xu X, Troxel AB, Schmults CD. Diameter of
involved nerves predicts outcomes in cutaneous squamous cell carcinoma with
perineural invasion: an investigator-blinded retrospective cohort study. Dermatol
Surg. 2009;35:1859–66.

41. Totonchy MB, McNiff JM, Suozzi KC, Leffell DJ, Christensen SR. A histopathologic
scoring system for perineural invasion correlates with adverse outcomes in patients
with cutaneous squamous cell carcinoma. Dermatol Surg. 2021;47:445–51.

42. Union for International Cancer Control. TNM Classification of malignant tumours.
Eighth edition. Oxford: Wiley Blackwell; 2017. Available from: https://
www.wiley.com/en-au/TNM+Classification+of+Malignant+Tumours,+8th
+Edition-p-9781119263579.

43. AJCC cancer staging manual. 8th ed. Switzerland: Springer; 2017. Available from:
https://link.springer.com/book/9783319406176

44. Keohane SG, Botting J, Budny PG, Dolan OM, Fife K, Harwood CA, et al. British
Association of Dermatologists guidelines for the management of people with
cutaneous squamous cell carcinoma 2020. Br J Dermatol. 2021;184:401–14.

45. Stratigos AJ, Garbe C, Dessinioti C, Lebbe C, Bataille V, Bastholt L, et al. European
interdisciplinary guideline on invasive squamous cell carcinoma of the skin: part
2. Treatment. Eur J Cancer. 2020;128:83–102.

46. Cancer Council Australia Keratinocyte Cancers Guideline Working Party. Clinical
practice guidelines for keratinocyte cancer. Sydney: Cancer Council Australia. Avail-
able from: https://wiki.cancer.org.au/australia/Guidelines:Keratinocyte_carcinoma.

47. National Comprehensive Cancer Network. Squamous Cell Skin Cancer. Version
1. 2022. Available from: https://www.nccn.org/professionals/physician_gls/pdf/
squamous.pdf.

48. Leibovitch I, Huilgol SC, Selva D, Hill D, Richards S, Paver R. Cutaneous squamous
cell carcinoma treated with Mohs micrographic surgery in Australia II. Perineural
invasion. J Am Acad Dermatol. 2005;53:261–6.

49. Botha VE, Chow KTK, Salmon PJM, El-Khayat RH, Sun MT, Selva D, et al. Periorbital
desmoplastic squamous cell carcinoma. Orbit. 2019;38:240–3.

50. Thompson AK, Kelley BF, Prokop LJ, Murad MH, Baum CL. Risk factors for cuta-
neous squamous cell carcinoma recurrence, metastasis, and disease-specific
death: a systematic review and meta-analysis. JAMA Dermatol. 2016;152:419–28.

51. Maalouf TJ, Dolivet G, Angioi KS, Leroux A, Genin P, George JL. Sentinel lymph
node biopsy in patients with conjunctival and eyelid cancers: experience in 17
patients. Ophthalmic Plast Reconstr Surg. 2012;28:30–4.

52. Wysong A, Newman JG, Covington KR, Kurley SJ, Ibrahim SF, Farberg AS, et al.
Validation of a 40-gene expression profile test to predict metastatic risk in
localized high-risk cutaneous squamous cell carcinoma. J Am Acad Dermatol.
2021;84:361–9.

53. Jackson JE, Dickie GJ, Wiltshire KL, Keller J, Tripcony L, Poulsen MG, et al.
Radiotherapy for perineural invasion in cutaneous head and neck carcinomas:
toward a risk-adapted treatment approach. Head Neck. 2009;31:604–10.

54. Warren TA, Whiteman DC, Porceddu SV, Panizza BJ. Insight into the epidemiology
of cutaneous squamous cell carcinoma with perineural spread. Head Neck.
2016;38:1416–20.

55. Abdelaziz TT, Abdel Razek AAK. Magnetic resonance imaging of perineural
spread of head and neck cancer. Magn Reson Imaging Clin N Am.
2022;30:95–108.

56. Warren TA, Nagle CM, Bowman J, Panizza BJ. The natural history and treatment
outcomes of perineural spread of malignancy within the head and neck. J Neurol
Surg B Skull Base. 2016;77:107–12.

57. McNab AA, Francis IC, Benger R, Crompton JL. Perineural spread of cutaneous
squamous cell carcinoma via the orbit: clinical features and outcome in 21 cases.
Ophthalmology. 1997;104:1457–62.

58. Bowyer JD, Sullivan TJ, Whitehead KJ, Kelly LE, Allison RW. The management of
perineural spread of squamous cell carcinoma to the ocular adnexae. Ophthalmic
Plast Reconstr Surg. 2003;19:275–81.

59. Mehanna HM, John S, Morton RP, Chaplin JM, McIvor NP. Facial palsy as the
presenting complaint of perineural spread from cutaneous squamous cell car-
cinoma of the head and neck. ANZ J Surg. 2007;77:191–3.

60. Limawararut V, Hoyama E, Selva D, Davis G. Squamous cell carcinoma presenting
as an orbital cyst with radiologic evidence of perineural invasion. Eur J Oph-
thalmol. 2007;17:970–2.

61. Gandhi M, Sommerville J. The imaging of large nerve perineural spread. J Neurol
Surg B Skull Base. 2016;77:113–23.

62. Baulch J, Gandhi M, Sommerville J, Panizza B. 3T MRI evaluation of large nerve
perineural spread of head and neck cancers. J Med Imaging Radiat Oncol.
2015;59:578–85.

63. Williams LS, Mancuso AA, Mendenhall WM. Perineural spread of cutaneous
squamous and basal cell carcinoma: CT and MR detection and its impact on
patient management and prognosis. Int J Radiat Oncol Biol Phys. 2001;49:1061–9.

64. Schuknecht B. Patterns of perineural skull base tumor extension from extracranial
tumors. Neuroimaging Clin N Am. 2021;31:473–83.

65. Maroldi R, Farina D, Borghesi A, Marconi A, Gatti E. Perineural tumor spread.
Neuroimaging Clin N Am. 2008;18:413–29. xi

66. Nemzek WR, Hecht S, Gandour-Edwards R, Donald P, McKennan K. Perineural
spread of head and neck tumors: how accurate is MR imaging? AJNR Am J
Neuroradiol. 1998;19:701–6.

67. Ong CK, Chong VFH. Imaging of perineural spread in head and neck tumours.
Cancer Imaging. 2010;10:S92–8. Spec no A

68. Wu MP, Reinshagen KL, Cunnane MB, Shalhout SZ, Kaufman HL, Miller D, et al.
Clinical perineural invasion and immunotherapy for head and neck cutaneous
squamous cell carcinoma. Laryngoscope. 2022;132:1213–8.

69. Varoquaux A, Rager O, Dulguerov P, Burkhardt K, Ailianou A, Becker M. Diffusion-
weighted and PET/MR imaging after radiation therapy for malignant head and
neck tumors. RadioGraphics. 2015;35:1502–27.

70. Paes FM, Singer AD, Checkver AN, Palmquist RA, De La Vega G, Sidani C. Peri-
neural spread in head and neck malignancies: clinical significance and evaluation
with 18F-FDG PET/CT. Radiographics. 2013;33:1717–36.

71. Vidimos A, Stultz T. Evaluation for locoregional and distant metastases in cuta-
neous squamous cell and basal cell carcinoma. February 12, 2021. Available from:
https://www.uptodate.com/contents/evaluation-for-locoregional-and-distant-
metastases-in-cutaneous-squamous-cell-and-basal-cell-carcinoma#H11115550.

72. de Bondt RB, Nelemans PJ, Hofman PA, Casselman JW, Kremer B, van Engel-
shoven JM, et al. Detection of lymph node metastases in head and neck cancer: a
meta-analysis comparing US, USgFNAC, CT and MR imaging. Eur J Radio.
2007;64:266–72.

73. Richards PS, Peacock TE. The role of ultrasound in the detection of cervical lymph
node metastases in clinically N0 squamous cell carcinoma of the head and neck.
Cancer Imaging. 2007;7:167–78.

74. Mendenhall WM, Ferlito A, Takes RP, Bradford CR, Corry J, Fagan JJ, et al. Cuta-
neous head and neck basal and squamous cell carcinomas with perineural
invasion. Oral Oncol. 2012;48:918–22.

75. Zeng S, Fu L, Zhou P, Ling H. Identifying risk factors for the prognosis of head and
neck cutaneous squamous cell carcinoma: a systematic review and meta-analysis.
PLoS One. 2020;15:e0239586.

76. Schmults CD, Karia PS, Carter JB, Han J, Qureshi AA. Factors predictive of recur-
rence and death from cutaneous squamous cell carcinoma: a 10-year, single-
institution cohort study. JAMA Dermatol. 2013;149:541–7.

77. Kyrgidis A, Tzellos TG, Kechagias N, Patrikidou A, Xirou P, Kitikidou K, et al.
Cutaneous squamous cell carcinoma (SCC) of the head and neck: risk factors of
overall and recurrence-free survival. Eur J Cancer. 2010;46:1563–72.

78. Gore SM, Shaw D, Martin RC, Kelder W, Roth K, Uren R, et al. Prospective study of
sentinel node biopsy for high-risk cutaneous squamous cell carcinoma of the
head and neck. Head Neck. 2016;38:E884–9.

79. Trosman SJ, Zhu A, Nicolli EA, Leibowitz JM, Sargi ZB. High-risk cutaneous
squamous cell cancer of the head and neck: risk factors for recurrence and
impact of adjuvant treatment. Laryngoscope. 2021;131:E136–43.

80. Zhang J, Wang Y, Wijaya WA, Liang Z, Chen J. Efficacy and prognostic factors of
adjuvant radiotherapy for cutaneous squamous cell carcinoma: a systematic
review and meta-analysis. J Eur Acad Dermatol Venereol. 2021;35:1777–87.

81. Erkan S, Savundra JM, Wood B, Acharya AN, Rajan GP. Clinical perineural invasion
of the trigeminal and facial nerves in cutaneous head and neck squamous cell
carcinoma: outcomes and prognostic implications of multimodality and salvage
treatment. Head Neck. 2017;39:1280–6.

J.Y. Tong et al.

883

Eye (2023) 37:875 – 884

https://www.wiley.com/en-au/TNM+Classification+of+Malignant+Tumours,+8th+Edition-p-9781119263579
https://www.wiley.com/en-au/TNM+Classification+of+Malignant+Tumours,+8th+Edition-p-9781119263579
https://www.wiley.com/en-au/TNM+Classification+of+Malignant+Tumours,+8th+Edition-p-9781119263579
https://link.springer.com/book/9783319406176
https://wiki.cancer.org.au/australia/Guidelines:Keratinocyte_carcinoma
https://www.nccn.org/professionals/physician_gls/pdf/squamous.pdf
https://www.nccn.org/professionals/physician_gls/pdf/squamous.pdf
https://www.uptodate.com/contents/evaluation-for-locoregional-and-distant-metastases-in-cutaneous-squamous-cell-and-basal-cell-carcinoma#H11115550
https://www.uptodate.com/contents/evaluation-for-locoregional-and-distant-metastases-in-cutaneous-squamous-cell-and-basal-cell-carcinoma#H11115550


82. Warren TA, Panizza B, Porceddu SV, Gandhi M, Patel P, Wood M, et al. Outcomes
after surgery and postoperative radiotherapy for perineural spread of head and
neck cutaneous squamous cell carcinoma. Head Neck. 2016;38:824–31.

83. Solares CA, Lee K, Parmar P, O’Rourke P, Panizza B. Epidemiology of clinical
perineural invasion in cutaneous squamous cell carcinoma of the head and neck.
Otolaryngol Head Neck Surg. 2012;146:746–51.

84. Durkin SR, Roos D, Higgs B, Casson RJ, Selva D. Ophthalmic and adnexal com-
plications of radiotherapy. Acta Ophthalmologica Scandinavica. 2007;85:240–50.

85. Stevenson ML, Criscito MC, Wilken R, Doudican NA, Bain EE III, Parashar B, et al.
Use of adjuvant radiotherapy in the treatment of high-risk cutaneous squamous
cell carcinoma with perineural invasion. JAMA Dermatol. 2020;156:918–21.

86. Geist DE, Garcia-Moliner M, Fitzek MM, Cho H, Rogers GS. Perineural invasion of
cutaneous squamous cell carcinoma and basal cell carcinoma: raising awareness
and optimizing management. Dermatol Surg. 2008;34:1642–51.

87. Mendenhall WM, Parsons JT, Mendenhall NP, Brant TA, Stringer SP, Cassisi NJ,
et al. Carcinoma of the skin of the head and neck with perineural invasion. Head
Neck. 1989;11:301–8.

88. Hazim AZ, Reed CT, Price KA, Foote RL, Ma DJ, Neben-Wittich M, et al. Survival
outcomes in locally advanced cutaneous squamous cell carcinoma presenting
with clinical perineural invasion alone. Head Neck. 2021;43:1995–2001.

89. Clouston PD, Sharpe DM, Corbett AJ, Kos S, Kennedy PJ. Perineural spread of
cutaneous head and neck cancer. Its orbital and central neurologic complica-
tions. Arch Neurol. 1990;47:73–7.

90. Bourne RG. The Costello Memorial Lecture. The spread of squamous carcinoma of
the skin via the cranial nerves. Australas Radio. 1980;24:106–14.

91. Migden MR, Rischin D, Schmults CD, Guminski A, Hauschild A, Lewis KD, et al. PD-
1 blockade with cemiplimab in advanced cutaneous squamous-cell carcinoma. N
Engl J Med. 2018;379:341–51.

92. Ferrarotto R, Amit M, Nagarajan P, Rubin ML, Yuan Y, Bell D, et al. Pilot Phase II
trial of neoadjuvant immunotherapy in locoregionally advanced, resectable
cutaneous squamous cell carcinoma of the head and neck. Clin Cancer Res.
2021;27:4557–65.

93. Migden MR, Khushalani NI, Chang ALS, Lewis KD, Schmults CD, Hernandez-Aya L,
et al. Cemiplimab in locally advanced cutaneous squamous cell carcinoma: results
from an open-label, phase 2, single-arm trial. Lancet Oncol. 2020;21:294–305.

94. Cervantes JA, Fox MC. Successful treatment of recurrent advanced cutaneous
squamous cell carcinoma with cemiplimab. Dermatol Online J. 2020;26:13030.

95. Clark TJE, Harris GJ. Management of periocular cutaneous squamous cell carcinoma
with perineural invasion: a case series and literature review. Orbit. 2022;41:34–43.

96. Catalano PJ, Sen C, Biller HF. Cranial neuropathy secondary to perineural spread
of cutaneous malignancies. Am J Otol. 1995;16:772–7.

AUTHOR CONTRIBUTIONS
JYT was responsible for the preparation of the manuscript. SCH, CJ, SR and DS were
responsible for critical revision of the manuscript.

FUNDING
Open Access funding enabled and organized by CAUL and its Member Institutions.

COMPETING INTERESTS
The authors declare no competing interests.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to Jessica Y. Tong.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

J.Y. Tong et al.

884

Eye (2023) 37:875 – 884

http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Perineural invasion and perineural spread in periocular squamous cell carcinoma
	Introduction
	Pathogenesis of PNI
	Histological features of PNI
	Structural changes in PNI
	Extratumoral vs intratumoral PNI
	Focal vs extensive PNI
	Skip lesions
	Nerve calibre
	Depth of PNI

	Defining high-risk PNI
	Additional high-risk tumour factors
	Perineural spread (PNS)
	Clinical features of PNS
	Radiological features of PNS
	Magnetic resonance imaging
	CT and CT-PET imaging

	Evaluation of regional and distant metastasis
	Prognosis
	Metastasis and disease-specific survival

	Management of PNI
	Management of PNS
	Zone 1 disease
	Zone 2 disease
	Zone 3 disease
	Radiotherapy for PNI and PNS
	Chemotherapy
	Immunotherapy


	Summary and recommendations for periocular SCC with PNI or PNS
	Risk stratification of PNI features
	Imaging protocols for PNS
	Management

	Follow-up
	Conclusion
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




