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ABSTRACT

Perineural invasion is a rare prognostic finding of squamous cell carcinomas
that is associated with a poor prognosis. Early recognition of perineural
invasion is imperative to improving treatment and lowering recurrence. Here
we report the case of a 77-year-old Caucasian male with a suspicious mass
on his forehead. Diagnosis confirms a squamous cell carcinoma with T1-
weighted MRI findings significant for perineural invasion of the right
supratrochlear nerve based on nerve thickening with loss of fat. Due to his
immunocompromised status and the presence of positive margins after wide
local excision, the patient is treated with adjuvant external beam
radiotherapy of the nerve course. Risks of radiation-induced optic
neuropathy should be weighed against recurrence in tumors that invade the

trigeminal nerve.

CASE REPORT

CASE REPORT

A 77-year-old Caucasian man with past medical history of
rheumatoid arthritis, chronic pain, osteopenia, hypertension,
and hyperlipidemia presented to the clinic with a suspicious
mass on his left forehead. Current home medications consisted
of etodolac, tramadol, alendronate, atorvastatin, and
hydrochlorothiazide. Patient had no relevant surgical history.
On review of systems, patient denied fever, chills, night
sweats, recent weight loss, or changes in his appetite. Patient
had a social history that includes a 13 pack-year history of
smoking, though patient denied recent tobacco use. Patient
denied history of alcohol use.
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On physical examination, a suspicious mass on his left
forehead to midline area was noted with symmetric facial
tone, good brow function, and absent ptosis. Sensation
throughout the face, including V1, V2, and V3 was normal.
No parotid masses or tenderness over the frontal/maxillary
sinuses were noted. Examination of the head, ears, nose, and
throat showed normal findings with no cervical
lymphadenopathy identified. Neurologic exam revealed
normal cranial nerves IlI-XII with both motor and sensory
responses intact. Reflexes were 2+ and symmetrical.

Patient was treated with wide-local excision. Later
pathology showed a 0.7 cm poorly differentiated cutaneous
squamous cell carcinoma (cSCC). Due to midface location of
the mass and immunosuppression, Magnetic Resonance
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Imaging (MRI) was ordered that showed asymmetric
enhancement of the right supratrochlear neurovascular bundle,
concerning for perineural spread of the tumor (Fig 1 and 2)
with the tumor staged at T3NOMO. Combination
immunosuppressive rheumatoid arthritis therapy of anti-TNF
and methotrexate was modified to abatacept and prednisone
due to the patient’s cancer diagnosis. MRI and skin
surveillance was recommended for the next two months.

Based on radiological and pathological findings, patient
was recommended treatment of the scalp surgical bed to the
bilateral supratrochlear and supraorbital nerve bundles with
electron beam radiotherapy. Due to the sensitive location of
the tumor near the optic nerve, extreme care was given in
planning the target volume to extend up to the inward branch
points of the superior orbital fissure. As the supratrochlear and
supraorbital nerves are branches of the trigeminal V1 nerve,
full radiation doses up to the superior orbital fissure had an
extreme risk of optic neuropathy due to the path of the optic
nerve. After the risks and benefits of radiotherapy were
discussed, the patient elected radiotherapy. Subsequently the
patient received a course of 6,600 centigray (cGy) in 33
fractions over multiple sessions without complication (Figure
3).

DISCUSSION

Etiology & Demographics:

The annual incidence of ¢cSCC in the United States is
700,000 cases, accounting for the second most common
nonmelanoma skin cancer [1]. ¢SCC is commonly divided
into low-risk or high-risk groups for treatment. The AJCC
recognizes several key factors on pathology that increase the
likelihood the cancer will recur or be metastatic including poor
differentiation, high-risk subtypes, depth >6 cm, invasion past
subcutaneous fat, and involvement of either the perineural,
lymphatic, or vascular systems [2]. Although only accounting
for 1-2% of c¢SCC cases, perineural invasion (PNI) is
associated with a poor prognosis with a 30% associated risk of
death in some studies [2]. The finding of a cancer invading
and spreading along a nerve is a poor prognostic factor that
has a 16% decrease in 5-year recurrence-free survival and
18% decrease in 5-year disease-specific survival compared to
non-perineural invading tumors [3]. Unless found on
incidental findings, PNI can be asymptomatic in as many as
60-70% of cases and may not be found until invasion of the
orbit and cavernous sinus when clinical exam findings are
present [4].

Clinical & Imaging Findings:

Clinical PNI is recognized when either radiographic
evidence or physical symptoms are identified. On physical
exam, PNI is associated with findings of neuropathy such as
pain, tingling, abnormal sensation, or loss of motor function,
especially along cranial nerve V and VII tracts, among cSCC
patients with recurrent disease [5]. The finding of PNI can
often be surreptitious with the tumor invading small cutaneous
nerves peripherally and tracing proximally along bigger nerve
towards the brain stem if untreated. Compared to patients,
however, with incidental PNI found either by imaging or
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pathology, patients with clinical PNI have higher rates of local
recurrence and poor survival outcomes over 5 years [6].

PNI recognition is of the utmost importance in improving
survival and lowering recurrence. Careful consideration with
imaging examination should be given early in patients with
cSCC greater than 2 cm on either the forehead or brow [7].
Some reports suggest that PNI can be negative in as many as
45% of cases [8]. Magnetic resonance imaging (MRI) with
contrast is the preferred imaging modality, however sensitivity
has been shown to be equal at 76% for both MRI and CT [9].
MRI diffusion tractography for visualization of tumor
infiltration is promising for clinical practice in order to
improve detection of PNI and has shown success in increasing
sensitivity in a small cohort study of facial nerve invasion in
parotid cancers [10-11].

Treatment & Prognosis:

Mohs micrographic surgery (MMS) with frozen tissue
sectioning is the preferred method of surgical resection in
order to minimize recurrence. In a study performed by
Leibovitch et al., recurrence was found to be 47.2% when
wide local excision was applied compared to a recurrence of
0-8% with MMS [12]. In fact, MMS in incidental PNI can be
curative with no significant benefit of radiotherapy over
observation in patients that involve <2 nerves microscopically
[13]. The presence though of PNI infiltration can also be
detected by MMS and can be an additional indicator
suggestive for PNI in cases that is often helpful beyond
radiographic imaging alone [14]. Often wide local excision is
used, however, due to lack of physical exam features
indicating PNI.

Due to the high local recurrence of PNI, adjuvant
radiotherapy is indicated along the course of the nerve to the
skull base especially for patients that have positive margins
after excision, immunocompromised states, or involve >2
nerves microscopically [13, 15-16]. Although there are no
randomized clinical trials comparing surgery alone to surgery
with postoperative radiotherapy, combined modality therapy
has been recommended in major practice guidelines such as
the NCCN. Several cohort studies have compared outcomes of
surgery alone versus surgery with adjuvant radiotherapy.
While an earlier study found no significant difference between
the two groups, in a later larger study that included 122
patients, 5-year overall and disease-free survival was found to
be significantly improved in patients treated with tumor
resection with adjuvant radiotherapy [17-18]. Adjuvant
radiotherapy in PNI should target the course of the specific
nerve involved from its effector location up to its path to the
base of the skull. For tumors that involve the trigeminal nerve,
care must be taken near the superior orbital fissure due to
severe risk of radiation-induced optic neuropathy that presents
with irreversible vision loss [19].

Tumor invasion into nerves, as opposed to typical modes
of cancer progression along hematogenous or lymphatic
systems, depends on a complex microenvironment that has
just begun to be understood in recent years. Cancer invasion
and migration along a nerve relies on the predilection of the
tumor to activate a RET tyrosine kinase pathway, through
secretion of GDNF [20]. Cancer cell progression has also
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been shown to be aided by Schwann cell and monocytes. In
particular, Schwann cells have been shown to be
inappropriately activated by cancer cells to aid in cancer
progression [21]. Similarly, tumors have been shown to
promote cancer cell invasion by the expression of monocytes
into CCL2-expressing inflammatory macrophages that can
degrade the basement membrane around the perineum [22].

Understanding of the tumor microenvironment offers not
only promising opportunities for improvement on current
treatment modalities but also for future therapeutic targets.
According to Bakst et al., radiotherapy impairs tumor invasion
directly as well as through the interruption of paracrine
signaling—Ilow doses of radiation led to a decrease in
expression of GDNF [23]. While currently, however, there are
no targeted therapies for PNI several promising therapies have
been suggested including the wuse of immunotherapy,
checkpoint inhibitors and CCR2 signaling targets to
downregulate monocyte recruitment [24-25]. Overall, treating
tumors that display PNI is still challenging due to its
aggressiveness and diagnoses that are often missed or delayed;
however, large cutaneous squamous cell carcinomas of the
brow whether in the past or present should be monitored
regularly for risk of PNI.

Differential Diagnoses:

A primary neural tumor such as a schwannoma should be
considered especially as it can often remain asymptomatic.
The presence of symptoms is often due to a local mass effect
or a deficit in the cranial nerve involved. Imaging of a
schwannoma on CT imaging shows low-to-intermediate
attenuation with variable enhancement. MRI shows iso-to-
hypointense lesions on T1 and hyperintense on T2-weighted
sequences.

An invasive fungal infection such as neuroaspergillosis
should be considered especially in an immunocompromised
patient as it represents one of the most common opportunistic
infections in the central nervous system. On physical exam,
neuroaspergillosis can present with a range of symptoms
including a fever, focal neurological deficits, headache, or a
seizure among others. Imaging of neuroaspergillosis on CT
often can be non-specific, but in the presence of findings such
as a brain abscess it will typically have a hyperdense lesion
with a surrounding hypodense region (edema). MRI findings
show iso-to-hypointense lesions on T1-weighted sequences. If
aspergillus is suspected, chest radiography would typically
demonstrate nodular consolidation with surrounding ground
glass opacities.

A traumatic neuroma is a consideration in an elderly
patient especially with history to trauma to the area. Although
the clinical course varies, typical signs of a traumatic neuroma
include paresthesia specifically in the local region of the
injury. CT imaging of a traumatic neuroma is oftentimes non-
specific, whereas MRI typically features hyperintense lesions
on T2-weighted sequences.

Ultimately, the definitive diagnosis of perineural invasion
from a tumor depends not only on diagnostic imaging but
histopathological findings. CT imaging demonstrates
asymmetric soft-tissue thickening of a nerve. T1-weighted
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MRI sequences demonstrate an avidly enhancing nerve.
Although the absence of physical exam findings is
inconclusive, key points to consider in a patient’s history,
including our own, is male gender, immunocompromised
status, lesion involving the midface region, and pathological
findings significant for cSCC.

TEACHING POINT

Perineural invasion of a cutaneous squamous cell carcinoma
should be considered, even in the absence of neuropathic
physical exam findings based on location and size
radiographically. As perineural invasion is associated with a
high risk of recurrence, radiologic follow-up is important.
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FIGURES

Figure 1 (left): 77-year-old male with perineural invasion of
the trochlear nerve from cutaneous squamous cell carcinoma.

FINDINGS: Coronal T1-weighted post contrast with fat-
saturation demonstrates the avidly enhancing supratrochlear
nerve (arrow) at the inferior aspect of the surgical bed (*).

Figure 2 (left): 77-year-old male with perineural invasion of
the trochlear nerve from cutaneous squamous cell carcinoma.

WO0'SASB)ATO[OIPBY MMM

FINDINGS: Axial T1-weighted post contrast with fat-
saturation shows the normal enhancement of the supraorbital
nerves (*) juxtaposed against the intense enhancement of the
supratrochlear nerve (arrow).
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Figure 3: 77-year-old male with perineural invasion of the trochlear nerve from cutaneous squamous cell carcinoma.

FINDINGS: External beam radiotherapy treatment field, shows the intended target area (red arrows) of the supratrochlear nerves
in transverse (a), sagittal (b), and coronal (c) planes.

Etiology Unknown
Incidence 2.4-14%
Gender ratio Unknown
Age predilection 64 years old

Risk factors

Recurrent cutaneous squamous cell carcinoma, prior treatment, midface location of tumor, size greater
than >2 cm or male gender

Treatment

Surgery and radiation

Prognosis

Poor

Imaging findings

CT: Asymmetric soft-tissue thickening with hypointense lesions due to volume loss. Neural foramen
widening. Resurfacing phenomenon where tumor reappears after traversing bone canal.

MRI: T1 or T2-weighted hyperintense lesions with nerve thickening and loss of fat. May show
retrograde tumor enhancement. In the muscle, T2-weighted hyperintense signals may be seen.

Table 1: Summary table of perineural invasion amongst cutaneous squamous cell carcinoma of head and neck cancers.
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CT

MRI

Perineural Invasion

Asymmetric soft-tissue thickening with
hypodense lesions due to volume loss.
Neural foramen widening. Resurfacing
phenomenon where tumor reappears after
traversing bone canal.

T1 or T2-weighted hyperdense lesions with nerve
thickening and loss of fat. May show retrograde
tumor enhancement. In the muscle, T2-weighted
hyperdense signals may be seen.

Primary neural tumor

Low to intermediate attenuation.

T1-weighted sequences demonstrate hypodense
(if cystic areas present). T2-weighted sequences
demonstrate hyperdense lesions.

Invasive Fungal
Infection

Hyperdense lesion with surrounding
hypodense region (edema).

Hypodense on T1-weighted sequences.

Mycobacterial
(i.e., Tuberculosis)

Low to intermediate attenuation with
surrounding edema.

T1-weighted sequences demonstrate hyperdense
lesions.

Lyme Disease Not visible. Often non-specific findings, but T1 and T2-
weighted sequence may demonstrate hyperdense
lesions.

Syphilis Not visible. On T1-weighted sequences may demonstrate
hypodense lesions while on T2-weighted
sequence may demonstrate hyperdense lesions.

Sarcoidosis Not visible. Hypodense on T1-weighted sequences while
hyperdense on T2-weighted sequences.

Varicella Zoster Virus Not visible. Hypodense on T1-weighted sequences while

Myelitis hyperdense on T2-weighted sequences.

Traumatic Neuroma Not visible. T1-weighted sequences not visible. T2-weighted

sequences demonstrate hyperdense lesions.

Table 2: Differential diagnosis table for enhancement of the trochlear cranial nerve.

ABBREVIATIONS

cGy = Centigray

cSCC = Cutaneous Squamous Cell Carcinoma
MMS = Mohs Micrographic Surgery

MRI = Magnetic Resonance Imaging

PNI = Perineural Invasion
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