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Abstract
Purpose—To analyze patterns of failure in patients with head and neck cutaneous squamous cell
carcinoma (HNCSCC) and clinical/radiological evidence of perineural invasion (CPNI), in order to
define neural clinical target volume (CTV) for treatment planning.

Methods—Patients treated with 3D conformal or intensity modulated radiotherapy (IMRT) for
HNCSCC with CPNI were included in the study. A retrospective review of the clinical charts,
radiotherapy (RT) plans and radiological studies has been conducted.

Results—Eleven consecutive patients with HNCSCCs with CPNI were treated from 2000 through
2007. Most patients received multiple surgical procedures and RT courses. The most prevalent failure
pattern was along cranial nerves (CNs), and multiple CNs were ultimately involved in the majority
of cases. In all cases the involved CNs at recurrence were the main nerves innervating the primary
tumor sites, as well as their major communicating nerves. We have found several distinct patterns
of disease spread along specific CNs depending on the skin regions harboring the primary tumors,
including multiple branches of CN V and VII. These patterns and the pertinent anatomy are detailed
in the paper.

Conclusions—Predictable disease spread patterns along cranial nerves supplying the primary
tumor sites were found in this study. Awareness of these patterns, as well as knowledge of the relevant
cranial nerve anatomy, should be the basis for CTV definition and delineation for RT treatment
planning.
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INTRODUCTION
Perineural invasion (PNI) is identified in approximately 3.7% of head and neck cutaneous
squamous cell carcinoma (HNCSCC) cases 1. In addition to being associated with increased
risk of regional and distant metastases 1,2, PNI is most prominently associated with increased
risk of local recurrences, including recurrences in both the skin and in cranial nerves (CNs).
Together, these local recurrences account for the majority of failures following definitive
treatment 3,4.

In cases with clinical or radiological evidence for CN involvement the term clinical PNI (CPNI)
is used 2,5, while for cases in which PNI is incidentally found on pathologic examination, the
term microscopic PNI (MPNI) is used.

Radiotherapy (RT) has a central role in the treatment of HNCSCC with CPNI, either as adjuvant
treatment following surgical resection, or as definitive treatment for unresectable disease. The
need to irradiate cranial nerves close to organs at risk (e.g. optic structures, brain and inner ear)
accounts for the high rate (>30%) of complications associated with RT in these cases 4,6. Using
conformal or intensity modulated RT may improve the therapeutic index of treatment. For
purposes of highly conformal RT, the definition and delineation of the clinical target volumes
(CTVs) for regions at risk of subclinical disease is of utmost importance. A systematic analysis
of recurrence patterns supporting guidelines for CTV delineation is lacking.

We have encountered several patients with MPNI or CPNI with treatment failures following
conformal RT or IMRT. These failures were due to CPNI progression that seemed to follow
distinct patterns. The aim of this paper is to analyze the patterns of disease progression and
treatment failures, compare these failures with the targets chosen for irradiation, and review
the relevant anatomy and pertinent literature, in an attempt to outline guidelines for target
volume delineation in the treatment of HNCSCC with CPNI.

METHODS
Patients were retrospectively identified through the data-base of the Radiation Oncology
department. Inclusion criteria were:

1. Histologically proven HNCSCC.

2. Diagnosis of CPNI- biopsy proven CN involvement or clinical CN dysfunction in
nerves distributed to the primary skin tumor site. Magnetic resonance imaging (MRI)
findings without histological evidence for PNI or CN dysfunction were not sufficient
to establish the diagnosis of CPNI.

3. Treatment with RT for the index cancer at any disease stage.

4. CPNI resulting from the primary skin tumor (as opposed to CN involvement by an
advanced nodal disease).

The data was collected retrospectively from the medical charts. RT plans and imaging studies
were systematically reviewed.

Kaplan-Meier analysis was used for calculation of progression free survival and overall
survival.

RESULTS
The clinical features, treatments and outcome of patients are summarized in Tables 1 and 2.
Patient numbers throughout the paper relate to these Tables.
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Clinical Findings
Initial presentation of skin cancer—Eleven patients, treated with RT between the years
2000–2007 for twelve HNCSCCs with CPNI, fulfilled the inclusion criteria. The median age
at the time of diagnosis was 67 years (range 53–89 years), and there was male predominance
(male/female ratio 8/3).

Three patients had received chronic immunosuppressive treatment; two for kidney transplant
(patients 10 and 11) and one for Wegener’s granulomatosis (patient 7). The majority of patients
were initially treated in other facilities for the primary skin cancer; therefore, information was
lacking regarding the clinical characteristics of the primary skin tumor (e.g. size, depth). Six
tumors were moderately or poorly differentiated and three were well differentiated. MPNI was
histologically identified in five primary tumors and three cutaneous recurrences.

Details of CPNI—The typical presentation of CPNI was focal CN V or VII dysfunction.
Common symptoms included numbness, pain or paresthesia in the distribution of the affected
division of CN V and focal facial palsy. In three cases the first evidence for CPNI was nerve
involvement found during surgery (Table 2).

The pattern of primary CN involvement reflected the innervation of primary skin tumor sites
and the proximity of this site to major nerve trunks; periauricular tumors in patients 6, 7, 8, 9
and 11b infiltrated CN VII, supraorbital tumors in patients 3 and 5 infiltrated V1, and a medial
cheek tumor in patient 4 infiltrated V2. Patient 2 had a tumor of the temporal area that involved
both V2–3 and CN VII at an early stage.

The majority of cases (excluding patient 8) presented with a single nerve involvement;
subsequently, in ten cases, involvement of additional nerves was observed after less than one
year.

The mechanism of secondary CNs involvement could be elucidated in the following cases
(Table 2):

• In four patients (6, 7, 8, 9) the disease spread from CN VII through the
auriculotemporal nerve (ATN) to V3 (Figures 1a–b).

• In two patients (2 and 4) with clinical involvement of V2 and CN VII, involvement
of the greater superficial petrosal nerve (GSPN) was demonstrated by MRI. The
GSPN most likely allowed progression of disease between V2 and CN VII (Figures
2a–b)

• One patient (patient 1) presented with involvement of peripheral branches of both CN
V and CN VII without evidence for involvement of major communicating nerves.
Subsequently tumor involvement progressed proximally along these nerves to the
base of skull.

• In four patients (2, 3, 4, 7) the disease spread from a major branch of CN V to involve
additional CN V branches, most likely through the cavernous sinus (Figures 2c–e).

• In four patients (2, 3, 4, and 5) disease spread through V1 or V2 to the orbit (Figures
2e–f). In three of these patients extraocular motor nerves (EOMN; i.e. CN III, IV and
VI) were secondarily involved either through involvement of the orbital apex or
through involvement of the cavernous sinus.

• In two patients (2 and 9) concentric growth of tumor along peripheral nerve branches
was noted (Figures 1b, 2a, 2f), likely due to antegrade disease progression.
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Utility of imaging studies—Eleven of 12 patients were evaluated with MRI before therapy
(excluding patient 8). In all cases, clinical signs or symptoms prompted an MRI and preceded
the radiological evaluation. In only one patient (patient 6) was the MRI negative despite clinical
symptoms of, partial, unilateral facial palsy.. However, six months later MRI showed
involvement of V3, ATN and CN VII.

MRI established the diagnosis of CPNI in six patients, showed progression of disease along
nerves in three asymptomatic patients, and revealed the full extent of disease and was useful
for treatment planning in six cases with CPNI.

Treatment
Surgical interventions—In ten cases multiple and extensive surgical procedures were
performed for the primary skin tumor. Parotidectomy was performed in five cases, and
resection of facial bones was performed in five cases (temporal, zygomatic or nasal bone).
Multiple local recurrences were documented in seven cases and Mohs’ surgery was adequate
for removal of the skin tumor in only one case.

Resection of branches or the main trunk of CN VII was performed in four cases (patients 2, 6,
7, and 8). Patient 5 underwent resection of the supraorbital nerve (SON) through the orbital
apex.

RT to the primary skin tumor—Five patients received a course of adjuvant electron beam
RT to the primary tumor bed in the skin. The median RT dose in these cases was 60 Gy (range
45–64 Gy).

RT to involved nerves—Excluding the first course of RT in patient 1, all RT courses for
CPNI were performed at our department. The intention of therapy varied (Table 1): adjuvant
treatment after resection of a nerve, definitive treatment for gross disease or palliation of
symptoms. Four patients were treated twice with RT for CPNI, to adjacent, mostly non-
overlapping sites. In case 11b elective RT to an uninvolved nerve (CN VII) was delivered along
with definitive RT to an auricular tumor.

In seven RT courses the skin was treated along with the nerve. RT to the skin was omitted in
the other cases that did not have skin recurrence and had undergone previous RT to the skin.

In total, fourteen courses of conformal RT for CPNI were delivered, seven of which constituted
of IMRT. Any gross abnormality (based on imaging findings) was defined as gross tumor
volume (GTV). Microscopically involved nerves were defined as high risk clinical target
volume (CTV). The CTVs always included the uninvolved portion of the involved nerve
beyond the GTV through the base of skull (typically, the cavernous sinus for involvement of
CN V, and the stylomastoid foramen and the inner ear for involvement of CN VII) (Figure 3).
However, elective RT to uninvolved nerves was delivered only in case 11B. The skin target
included GTV or resected tumor bed with wide margins.

In six cases radiation fields included the regional lymph nodes in the neck. The median dose
of RT to neural GTVs in definitive cases was 68 Gy (range 66–70 Gy). The dose of RT to
neural CTVs ranged between 50 Gy and 66 Gy. In two palliative cases doses of 40–50 Gy were
prescribed to neural GTVs. In nine cases RT was combined with chemotherapy (Carboplatin-
three patients, Carboplatin+Pactitaxel-two patients, Docetaxel-one patient) or Cetuximab
(three patients).
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Treatment results and patterns of failure (Table 1)
Five patients who initially received a course of adjuvant electron beam RT to the skin only,
ultimately experienced disease recurrence, which involved CPNI in all cases; in two patients,
skin recurrence was also observed.

Eight patients had disease recurrence following RT for CPNI in contiguous, previously
uninvolved nerves. This was the primary pattern of failure in five cases; in two patients neural
progression was combined with skin involvement and in one patient an in-field neural failure
was also observed. No nodal or distant failure was observed in any patient.

Overall outcome
Patient 10 declined continuation of RT after 12.5 Gy (in the second RT course) and died one
month later. Treatment interruption for two days, was necessary in patient 2, due to nausea,
vomiting and dehydration, after a dose of 16 Gy, The other patients completed their treatment
without any interruption or any prohibitive acute toxicity.

Patients 3 and 4 were treated with RT to the orbit. In patient 3 the irradiated eye was blind prior
to the treatment due to retinal detachment, and patient 4 lost vision in the irradiated eye 14
months after completion of RT. This patient had extensive orbital disease and the mean dose
to the optic nerve was 68 Gy. We did not observe any other major late side effects. The median
progression free survival of patients receiving RT for CPNI was 5 months and the median
overall survival was 60 months.

DISCUSSION
The patterns of disease progression and treatment failure observed in this series prompt
discussion on several key issues pertinent to target definition in HNCSCC with PNI:

1. Inclusion of uninvolved nerves in the CTV for adjuvant treatment

A. in patients with MPNI

B. in patients with CPNI

2. Extent of the CTV for an involved CN

3. Optimization of RT planning.

1A) Inclusion of uninvolved nerves in the CTV for adjuvant treatment in patients with MPNI

While extensive RT is obviously justified in patients with CPNI, elective CN RT (ECNR) is
not common practice in cases of MPNI. We encountered five patients who were treated with
adjuvant RT to the skin only for MPNI. They all progressed to CPNI and salvage RT was
unsuccessful; indeed, even as primary treatment, RT for CPNI was associated with low rates
of local control in our series, similar to reports by others 7,8. However, this series includes
patients who were referred to a tertiary center because their disease was exceptionally
aggressive or due to CN involvement. In addition, three patients were under
immunosuppressive treatment. Therefore, the disease course in the patients included in this
series does not necessarily represent the natural history of all cases with MPNI.

Mendenhal et. al. published the largest series of RT for HNCSCC with PNI and proposed
criteria for inclusion of nerves in the target in patients with MPNI 2,9. They recommend ECNR
in cases with extensive MPNI, involved surgical margins, or involvement of named nerve
branch. Mendenhall et. al. suggested that the target should include the involved nerve with a
margin of several centimeters in cases with extensive MPNI, while in cases with positive
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margins or involvement of a named nerve branch, the entire course of the nerve to the base of
skull would be included.

In some cases, the involved nerve is not identified during surgery. Based on patterns of disease
spread found in this study and in other series 8, 10, 11, Preauricular tumors (i.e. lateral to the
lateral canthus) are likely to involve CN VII first, and tumors in the mid-face (i.e. medial to
the lateral canthus) are likely to involve CN V first; however, both CN V and CN VII are always
at risk, and the CTV should be customized to account for the individual risk for each nerve.

1B) Inclusion of uninvolved nerves in the CTV for adjuvant treatment in patients with CPNI

A tumor with proven involvement of one nerve is likely to involve additional nerves. We
encountered several patterns of spread which correlate with those described in the literature:

• CN V +VII (Figures 4a–b)

In this study involvement of both CN V and VII was highly prevalent and was present in eleven
of twelve cases.

Three different mechanisms may account for this pattern of disease progression:

a. Independent risk due to dual innervation of facial skin and musculature by CN V and
VII, respectively.

b. Communications between terminal branches of CN V and CN VII.

Two major nerves connect CN V and VII: ATN 5, 12, which connects V3 with CN VII as it
exits through the stylomastoid foramen, and the GSPN 5, 13, connecting the geniculate
ganglion of CN VII and the pterygopalatine ganglion of V2 (Figure 4b). The ATN is peripheral,
while the GSPN is intracranial; therefore, the ATN may be involved earlier in the course of
disease, when curative treatment is more likely.

Our experience as well as others’ 8, 10, 11, 17 confirms that all three mechanisms play a role
in the natural history of HNCSCC with CPNI. Therefore, for tumors involving CN VII, the
ATN and V3 are at risk and for tumors involving V2 the GSPN and CN VII are at risk.

Due to the risk of direct involvement of both CN V and VII by the primary tumor (as in patient
1), the branches of these nerves that are distributed to the primary tumor are always at risk and
should be included in the CTV.

• Multiple branches of CN V

In our study multiple branches of CN V were involved in five patients.

The underlying mechanisms are similar to those described above: direct involvement of more
than a single trunk, or spread between two trunks through either peripheral or major nerve
communications 14. The entire CN V might be affected secondary to involvement of the
cavernous sinus followed by antegrade extension (Figure 4b). Therefore, for tumors involving
V1, 2, or 3, the other branches of CN V are at risk.

• CN V and EOMN

In our study three patients had CN V and EOMN involvement.

Disease involving V1 or V2 can enter the orbit and subsequently progress to involve CN III,
IV and VI 8, 10, 11, 15–17, resulting in orbital-apex or cavernous sinus syndrome. This
syndrome manifests as ophthalmoplegia, ptosis, pain, and visual loss in advanced cases.
Therefore, for tumors involving V1 or V2, EOMN are at risk.
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A literature search was conducted for series of HNCSCC and PNI which report the rate of CN
involvement. The results are summarized in Table 3. These data likely underestimate the true
incidence of CN involvement due to their retrospective nature and lack of accurate imaging in
some series; however, they are consistent with the patterns observed in our study.

2) Figure 3 shows the extent of the CTV for an involved CN based on patterns of failure.

These volumes reflect our clinical practice, though, elective treatment to cranial nerves has
become our policy only recently, following this analysis of patterns of failure.

The patterns of failure presented in Table 2 illustrate the fact that the entire CN network, from
the skin to the brainstem, is one anatomical compartment without internal barriers. As a result,
disease can progress in antegrade or retrograde fashion, involve peripheral nerve branches,
“resurface” in subcutaneous tissue, and progress to additional nerves through communicating
branches. The CTVs should account for all these possibilities by including:

• The portion of the nerve proximal to the gross disease:
• ○ For V1-3, the course of the affected nerve to the cavernous sinus (Figure 3a, b).
• ○ For CN VII, the course of the nerve to the brain stem (Figure 3c, d).
• A portion of the nerve distal to the gross disease.
• The skin innervated by the diseased nerve, with the highest risk being at the primary

tumor site.
• Major communicating branches (Figure 3c, d, Figure 4b).
• The compartment in which the nerve is embedded and to which it gives branches (e.g.,

the orbit for V1 and V2, the masticator space for V3, and the parotid gland for CN
VII)

These targets would generally be defined as high risk CTVs, unless they are remote from the
gross disease.

3) Optimization of RT planning

MRI has a key role both for clinical evaluation as well as for RT planning in HNCSCC with
PNI. In the current series, the sensitivity of MRI was 89% (C.I. 52–99%), and the reported
sensitivity and specificity of MRI in the literature are 95–100% and 95–85% respectively 18,
19. However, MRI may underestimate disease extent, accounting for reported accuracy of only
63% 18. In this series MRI showed disease progression in three asymptomatic cases. In another
series MRI showed CN involvement in two of 11 asymptomatic patients20. MRI is therefore
recommended to assess and define the extent of the GTV for cases with CPNI or high risk
MPNI.

Organs at risk in cases of CPNI may not only be adjacent to the targets, but may actually be
contained within the target (Figure 3c). Our current approach is to define the targets and
prescribe doses based on the guidelines outlined below. We assign individual dose limits to
the organs at risk which may supersede target dose goals such that “cold areas” are produced
around organs at risk in the target. For example, the dose to the cochlea is limited to 45 Gy in
cases of adjuvant RT for CN VII21 and the dose to the retina and optic nerve/chiasm is kept
below 45 Gy and 60 Gy, respectively, when the cavernous sinus or orbit are part of the
CTV22, 23. Higher dose limits are acceptable if these structures are involved with gross
disease. In all cases, an effort should be made to reduce the dose to the contralateral vision
pathways as much as possible. An expansion of 3mm is used for the critical organs at risk to
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account for set-up uncertainty, and daily imaging and set-up correction is practiced to ensure
correct set-up.

Differential doses are prescribed to GTV, high risk CTV and low risk CTV (typically, 70Gy,
60–63 Gy, and 54–56 Gy, all in 35 fractions, at 2.0 Gy, 1.7–1.8 Gy, and 1.6 Gy per fraction,
respectively). Combination of RT with chemotherapy or targeted therapies may be considered
in cases with CPNI. These issues may be addressed in a similar manner as in cases of mucosal
HNSCC; however, no similar data from randomized studies are available for HNCSCC.

Summary
In order to optimize local control with conformal RT or IMRT for HNCSCC with PNI, the
various routes of disease spread have to be accounted for in the process of RT planning.
Although rarely evident at presentation, eventual involvement of multiple CNs is common and
may be the cause of local failure. It usually follows several predictable patterns depending on
the primary tumor site. These patterns, described in the current paper, can serve for rational
decision-making about the targets, especially the CTVs, in cases of PNI. Future studies are
needed to improve risk assessment in cases with MPNI and to explore the safety and potential
benefit of combining RT with chemotherapy or targeted agents.
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Figure 1.
Cranial nerves VII, V3 and Auriculotemporal nerve (ATN)
1a-Axial CT from patient 9 showing an abnormal V3 (white arrow), ATN (dashed black arrow)
and CN VII (black arrow) on the left side. Normal CN VII is shown on the right side (black
arrowhead).
1b-Axial MRI image from patient 9 showing abnormal ATN (arrows) and subcutaneous mass
(dashed arrow). The subcutaneous mass most likely represents growth of disease along
peripheral branches of CN VII.
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Figure 2.
Multiple cranial nerves involvement in one patient (patient 2)
2a-Tumor involving the Pterygopalatine ganglion (of CN V) in the Pterygopalatine fossa (black
arrowhead), Pterygoid canal (small arrows), Greater superficial petrosal nerve (GSPN, black
arrow) and CN VII (white arrow) on axial MRI image. The GSPN inside the Pterygoid canal
is termed “nerve of pterygoid canal”.
Involvement of subcutaneous tissue in V2 distribution as a result of antegrade tomor
progression is shown as well (white arrowheads).
2b-Abnormal expansion and destruction of the Pterygoid canal is shown by axial CT
(arrowheads). The normal right canal is indicated (arrows).
2c- Abnormal V2 at the cavernous sinus on coronal MRI image (arrow).
2d-Abnormal V3 on axial MRI image (arrowheads). The normal right V3 is indicated for
comparison (arrow).
2e-Involvement of the lacrimal branch of V1 on coronal MRI image (arrow).
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2f-MRI image dated 10 months after image 2e, showing extensive orbital involvement on axial
MRI image.
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Figure 3.
Examples for clinical target volume (CTV) delineation (nerves at risk are shown in yellow,
CTVs in red)
3a-CTV encompassing the supraorbital nerve (V1) which courses in the roof of the orbit
(superior to the superior rectus muscle), major branches of V1, the skin innervated by V1 and
the cavernous sinus.
3b-CTV encompassing the infraorbital nerve (V2) in the infraorbital canal, the skin innervated
by V2 and the cavernous sinus
3c, d-CTV encompassing preauricular skin, CN VII, the Auriculotemporal nerve (ATN), V3
and cavernous sinus. The volume named “cochlea” (3c) contains both a target (CN VII), and
the organ at risk. The course of the Greater superficial petrosal nerve (GSPN) is indicated by
broken line.
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Figure 4.
The major nerves innervating facial skin and musculature
4a. Facial skin regions according to distribution of the various sensory nerves. Note that skin
tumors at any facial site can spread via both the respective sensory nerve and also via cranial
nerve VII if the underlying muscle is invaded by tumor.
4b. Diagram of CN V and VII and their connections.
Note the Auriculotemporal nerve (ATN) and Greater superficial petrosal nerve (GSPN)
connecting CN VII with V3 and V2, respectively, allowing tumor spread between these nerves.
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Table 3
Literature summary: CN involvement of patients with HNCSCC and CPNI

Series Total number of patients Involved nerves V+VII involvement

Cottel et. al.24 14 V1-6
V2-4

Auriculotemporal nerve-3
VII-1

Greater occipital nerve-1
III, IV and VI-1*

2†

Garcia-Serra et. al.4 76 VII-23+7*
V1-10

V2-34+4*

V3-11+10*
II-1*

III-4*
IV-3*
VI-7*

At presentation-5%
Secondarily-20%†

Catalano et. al.25 7 VII-7
V3-3
V2-2

III, IV, VI-1

4 (57%)

McNab et. al.8††§ 21 VII-14
V-20

CN III, IV or VI-14

14 (67%)

Clouston et. al.10†† 5 V-5
VII-5

III, IV or VI-5

5 (100%)

Morris et. al.11 26 VII-15
V-17

Greater auricular nerve-4
III-2

Not reported

Ballantyne et. al.14 26 V-19
VII-14

Greater auricular nerve-3
III, IV, VI VIII-2*

11 (42%)

Bowyer et. al.6 17 V1-12
V2-4

III, IV and VI-10
VII-5
II-4

4 (24%)

Valenzuela et. al.17††§ 8 V1-7
V2-3
VII-5

CN III, IV or VI-4*

4 (50%)

Current series 12 V-11
VII-11

CN III, IV and VI-3

10 (92%)

*
Secondary involvement

†
Overall incidence of involvement of more than one nerve

††
Periorbital tumors

§
The authors report symptoms rather than the involved nerves
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