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ARTICLE INFO ABSTRACT

Non-melanomatous skin cancer (NMSC) generally refers to basal cell and squamous cell carcinoma of the skin.
The majority of patients are curatively treated with simple excision. Only few present with locally advanced
disease or have evidence of high-risk features, placing them at an elevated risk of relapse. In such cases, further
investigations may guide the multidisciplinary management plan. There are no universally agreed on indications
for recommending additional staging investigations, due to a lack of prospective data reporting their impact on
patient outcomes. Some generally agreed upon indications are discussed in this review article. Most commonly,
computed tomography (CT) and magnetic resonance imaging (MR) are used in cases of locally advanced NMSC
for staging purposes and surgical planning. While Positron Emission Tomography (PET)/CT and sentinel lymph
node biopsy have shown utility, data is lacking to establish their roles in the staging algorithm. An updated
NMSC system was included in The American Joint Committee for Cancer eighth edition staging manual (AJCC8).
Under AJCC8 the majority of patients with regional disease are upstaged by the presence of extranodal exten-
sion, however, this updated system appears to provide limited prognostic discrimination between the nodal
categories and the overall TNM stages. This review article will explore the contemporary role of staging in-
vestigations, including evolving technologies, and review the changes implemented in AJCC8. It will also discuss
the implications of the AJCC8 decision to assign patients with p16-positive cervical nodal SCC with an unknown
primary to the oropharyngeal staging system, with particular relevance to clinicians working in areas of high
NMSC incidence.
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Introduction approximate rates of 884,100,000 and 387/100,000 person years for

BCC and cSCC in Australia, respectively [4]. There, the incidence and

The term non-melanomatous skin cancer (NMSC) includes a range
of skin neoplasias, but generally refers to the most common malig-
nancies worldwide; cutaneous basal cell (BCC) and squamous cell car-
cinomas (cSCC) [1]. Worldwide, Australia has the highest incidence of
NMSC as a consequence of high ultraviolet exposure to a predominantly
fair-skinned population [2,3]. BCC’s account for the vast majority, with

mortality rates from NMSC have increased over recent decades [5,6],
although this could possibly represent improved reporting in an aging
population. The vast majority of NMSC’s occur in the sun-exposed areas
of the head and neck region [7,8]. The standard treatment of localized
NMSC is simple surgical excision while obtaining clear surgical mar-
gins, which on its own is often curative. Approximately 5% of all cSCC
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extension; CUP-SCC, SCC in cervical lymph nodes with an unknown primary; OPC, oropharyngeal cancer; BWH, Brigham and Women’s Hospital; FNA, fine needle
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of the head and neck (cHNSCC), will spread to regional lymph nodes,
heralding a significant shift in prognosis and treatment-related mor-
bidity [9-12].

The work-up and staging of patients with NMSC is evolving, al-
though strong evidence is generally lacking. Most NMSC are staged
primarily by pathological means at curative excision, and only patients
with a suspicion of local extension or nodal disease require further in-
vestigation with cross-sectional imaging, for example, where there is
suspicion of deep soft tissue or bone involvement or where there are
symptoms of perineural spread (PNS) detected [13]. While the term
perineural invasion (PNI) typically refers to histopathological evidence
of tumour cells within a nerve sheath, radiological evidence is more
commonly referred to as PNS, and magnetic resonance imaging (MR) is
considered the optimal imaging modality for assessment, while ad-
ditionally providing the most accurate determination of soft tissue in-
vasion. Computed-tomography (CT) is often utilised where there is
suspicion of bone invasion or there is a clinically-positive neck. Emer-
ging staging modalities in cSCC staging include positron-emission to-
mography/computed-tomography (PET/CT) and sentinel lymph node
biopsy (SLNB), although their exact place in the staging schema re-
quires further research [13,14].

The eight edition of the American Joint Committee for Cancer
(AJCC8) manual was released in 2016, with significant changes to the
NMSC staging system (Table 1). The most significant changes were to
the risk factors used to upstage the T-category of small skin lesions and,
for the first time, extranodal extension (ENE) was included, resulting in
the vast majority of node-positive cases being upstaged from the 7th
edition [1]. A further recommendation was that where there is patho-
logical confirmation of p16-positive SCC in cervical lymph nodes with
an unknown primary (CUP-SCC), that patients be staged according to
the HPV-associated oropharyngeal cancer (OPC) system. This particular
directive poses challenges to clinicians working in areas with a high
NMSC prevalence.

The objectives of this article are to review:

o The indications and utility of contemporary staging investigations in
NMSC

® AJCC8 changes to NMSC staging and its effectiveness in prog-
nostication

e Challenges in the staging system to clinicians working in areas with
a high prevalence of NMSC

Contemporary Work-up and investigation of NMSC

Any lesions suspicious for NMSC should be assessed with a full
history and physical examination, including a comprehensive skin ex-
amination. A biopsy should be performed on all suspicious lesions to
characterise the histological subtype and identify adverse features for
risk-stratification. Further investigations can be used more judiciously
in advanced cases of NMSC, based on history, examination and pa-
thological findings. These investigations include ultrasound (US), CT,
MR, PET/CT and SLNB.

Further staging investigations may assist the treating clinician in
treatment planning by establishing:

e Tumour size, depth and involvement of underlying structures such
as muscle and bone

e The presence of nodal disease, including radiological features sug-
gesting ENE

e PNS

e Metastatic disease

Initial utilization of cross-sectional imaging in NMSC

Although though there are consensus guidelines for the use of sta-
ging investigations in NMSC [13,14], imaging protocols are not
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uniformly agreed on. In selected cases, staging imaging may alter
management and should be considered in the following circumstances:

o Tumour diameter = 2 cm

® Poorly differentiated histology

e Tumors with deep soft tissue (beyond subcutaneous fat) [15] or
bone invasion [16].

e Possible orbital involvement [17]

® (Clinical symptoms of PNI [18]

e Recurrent tumors

e Clinical lymph node involvement

e Suspicion of metastatic disease

While the AJCC manual is the most common staging system used,
alternatives including the Brigham and Women’s Hospital (BWH) risk
stratification for primary c¢SCC are also in clinical use (Table 2)
[19-21]. In a series of 98 patients from their institution, imaging
(mostly CT) altered management in 33% (16/45) of cases [16]. Imaged
patients were at lower risk of developing nodal metastases and of any
disease-related event, including local or nodal relapse or death from
disease.

Standard Cross-Sectional Imaging: CT, MR and US

In the ideal world, high-quality CT and MR imaging would be per-
formed for all cases of advanced NMSC [22]. CT is quick (1-2 minutes),
available and effective. Acquisition of contrast-enhanced thin slices
(0.6-1 mm) with 3-D reconstruction and soft tissue and bone win-
dowing allows for high spatial resolution with precise anatomic detail,
including nodal and bone involvement (Fig. 1) [23]. CT has less utility
in detecting PNS but can be used in patients who cannot undergo MR
[16]. MR, in contrast, takes longer, usually 30 minutes per study, but
provides superior soft-tissue resolution, more capably defining muscle
and bone marrow invasion [24] and is considered the gold standard in
detecting PNS (Fig. 2). Tailored MR, known to some as ‘MR neuro-
graphy’, uses a small FOV with thin slices and a high-resolution matrix,
with short acquisition times to reduce patient motion; post contrast T1
fat suppressed sequences provide the highest accuracy to detect PNS
[25]. Indirect features of nerve involvement, such as muscle denerva-
tion, seen as a hyperintense T2 signal may also be seen [26]. When PNS
or skull base invasion is suspected, tailored MR/MR neurography is
essential for both surgical and adjuvant radiation treatment planning,
including utilization of the perineural zonal classification system [27].

Providing relevant clinical history to the head and neck radiologist
is critical. This was highlighted by Baulch et al. who reported a sensi-
tivity and specificity for detecting PNI on MR at 95% and 84% when the
clinical history was provided, compared to 87% and 79% when the
radiologist was blinded to clinical history [28]. MR also has its lim-
itations; its accuracy may be limited by large air-filled paranasal sinuses
and flow and motion artefacts. MR may also be contraindicated in pa-
tients with metallic implants and some patients may require sedation if
anxious or claustrophobic.

US can be useful for fine needle aspiration (FNA) of equivocal lymph
nodes. Dabirmoghaddam et al. reported US guided FNA as superior to
US alone or palpation in detecting metastases in clinically negative
lymph nodes; 96% versus 68% and 70%, respectively [29]. US has
varying utility in the clinic setting with the possibility of helping to
define margins but may be limited by operator dependence.

Role and evidence for use of PET/CT

FDG PET/CT has a well-established role in mucosal head and neck
SCC (mHNSCC), allowing for identification of occult primaries [30],
nodal and systemic staging [31], therapy response [32] and detection of
second primary malignancies. While cSCC is also highly FDG avid [33]
(Fig. 1), the evidence base in the NMSC setting is sparse, and its
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Table 1
AJCC TNM pathological staging cutaneous squamous cell carcinoma, 8th ed [55].
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Primary Tumour

T category T criteria
Primary tumour cannot be identified

X
T1
T2
T3
T4
T4a
T4b

=<2 cm in diameter

Tumour > 2cm, but < 4 cm in diameter
Tumour > 4 cm in diameter or minor bone erosion, perineural invasion or deep invasion*

Tumour with gross cortical bone/marrow invasion
Tumour with skull base invasion and/or skull base foramen involvement

Regional Disease

N category Clinical N criteria
No regional lymph node metastasis

Metastasis in a single ipsilateral lymph node, <3 cm ,no ENE

NO
N1
N2
N2a
N2b
N2c
N3
N3a
N3b

NO
N1
N2
N2a
N2b
N2c
N3
N3a
N3b

Metastases in a single ipsilateral node > 3 cm but < 6 cm and no ENE
Metastases in multiple ipsilateral nodes, none > 6 cm and no ENE
Metastases in bilateral or contralateral lymph node(s), < 6 cm and no ENE

Metastasis in a lymph node > 6 cm and no ENE
Metastasis with ENE in any at one lymph node or more

Pathological N criteria

No regional lymph node metastasis
Metastasis in a single ipsilateral lymph node, <3 cm ,no ENE

Metastasis in a single ipsilateral lymph node < 3 and ENE ; orA single ipsilateral node > 3 cm but < 6 cm and no ENE
Metastases in multiple ipsilateral nodes, none > 6 cm and no ENE
Metastases in bilateral or contralateral lymph node(s), < 6 cm and no ENE

Metastasis in a lymph node > 6 cm and no ENE

Metastasis in a single ipsilateral node > 3 cm and ENE; or

Multiple ipsilateral, contralateral, or bilateral nodes, any with ENE; or
A single contralateral node of any size and ENE

Prognostic Staging Groups

T stage N stage M stage Stage Group
Tis NO MO 0
T1 NO MO I
T2 NO MO I
T3 NO MO 11
T1 N1 MO 111
T2 N1 MO III
T3 N1 MO 11
T1 N2 MO v
T2 N2 MO v
T3 N2 MO v
Any T N3 MO v
T4 Any N MO v
Any T Any N M1 v

ENE - extranodal extension.
* Deep invasion = beyond subcutaneous fat or > 6 mm; perineural invasion = tumour cells within the nerve sheath deeper than the dermis or =0.1 mm calibre,
or clinical/radiological involvement of named nerves without skull base invasion or transgression.

Table 2
Summary of Brigham and Women’s Hospital (BWH) Tumour (T)
Staging System [20].

T1
T2a
T2b
T3

0 high-risk factors”

1 high-risk factor

2-3 high-risk factors

=4 high-risk factors or bone invasion

# High risk factors include

Tumour diameter = 2 cm

Poorly differentiated histology

PNI> 0.1 mm

Tumour invasion beyond fat (excluding bone invasion which
automatically upgrades tumours to BWH stage T3)

Location on the ear, temple or anogenital region
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application has largely been extrapolated from the mHNSCC experience
[17,34].

A Japanese group recently reported the utility of FDG PET/CT in 26
patients with ¢SCC at high risk of regional nodal involvement [35].
SUVmax = 2.5 was considered positive, with lymphoscintigraphy and
sentinel node biopsy taken as the gold standard. All three patients
(12%) with pathological nodal disease had moderate to high FDG
avidity (SUVmax > 7). All the ‘false positive’ nodes (5/30; 16.7%) had
SUVmax 2.5-4.0. In an Australian study of 31 patients from the Peter
MacCallum Cancer Centre, FDG PET/CT changed management in eight
(23%) cases [36]. The impact was considered high in three of those
cases (10%); in two cases a second primary was identified and in a
further case nodal metastases were identified. False positive findings
resulted in two of four patients undergoing more extensive surgery
based on the FDG PET/CT findings. FDG PET/CT scans did not identify
FNA proven malignant nodes in three cases. The same Australian centre
recently published a surgical series of 64 patients who underwent neck
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Fig. 1. Cross-sectional imaging of a cutaneous SCC metastatic to parotid. (A) Contrast enhanced CT scan. (B) PET/CT.

dissection and/or parotidectomy for ¢SCC [37]. FDG PET/CT had a
positive and negative predictive value of 91% and 60%, respectively.
The false negative cases were not explained by either small nodal size or
necrosis.

FDG PET/CT may be useful in patients with chronic lymphocytic
leukaemia, who are also at particular risk for developing metastatic
¢SCC. In this cohort of patients, PET/CT can help to distinguish c¢SCC
nodal metastases from those with CLL infiltration with high specificity

[38,39].

Role of SLNB in the clinically NO neck

SLNB an emerging modality in ¢SCC [40]. The sentinel lymph node
(SLN) is theoretically the most likely location for occult metastases in
the ¢NO neck [41], and identification of subclinical metastases by SLNB
may help to guide management. However, the anatomy of the head and

Fig. 2. MR images demonstrating extensive cuta-
neous SCC extending to the middle cranial fossa
with V3 involvement and enhancement to the nerve
root exit at the right pons. (A) Axial post contrast
T1 fat saturation image. (B) Axial T2 fat saturation
image. (C) Coronal post contrast T1 fat saturation
image. (D) Coronal T2 fat saturation image.
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neck region, with its unpredictable superficial lymphatic drainage,
variable watershed lymphatics, multiple lymph node basins and com-
plex neurovascular structures, creates challenges for the use of SLNB in
this region [42,43]. A standardised technique for SLNB has not been
established, and although most studies recommend preoperative lym-
phoscintigraphy plus the use of a hand-held gamma probe for in-
traoperative SLN localisation [42-45], other techniques include in-
traoperative blue dye injection [42,44,46] and preoperative single
photon emission computed tomography [44,45].

A three-year prospective study assessed the utility of SLNB in high-
risk ¢SCC at the time of wide local excision [40]. Of 57 patients, eight
(14%) had occult LN metastases; and only one was not detected on
SLNB. Three-year disease-specific survival was 82%, and a higher
mortality was observed in patients where a positive SLNB was identi-
fied. A systematic review of SLNB in c¢SCC of the head and neck, in-
cluded 73 patients from 11 studies, reported a positive SLNB in 13.7%,
with sensitivity of 77%, specificity of 100% and a NPV of 95.2% [46]. A
quantitative review of 260 cases of SLNB in ¢SCC reported a positive
SLNB in 14.6% [42]. A literature review of high risk ¢SCC of the head
and neck included 173 patients and reported SLNB to be 79% sensitive
and 100% specific with a NPV of 96.1% [47].

Preliminary data confirms that SLNB may be a reliable technique in
high-risk NMSC of the head and neck. Where the SLNB is positive, neck
dissection may be performed, and guide recommendations for adjuvant
treatment. The Australian SNIC trial will randomize patients to tradi-
tional surgery with observation versus SLNB with neck dissection and
radiotherapy if positive. It is currently recruiting for a pilot phase to
assess feasibility and morbidity [48].

Imaging to assess treatment response

There are no standardised imaging surveillance protocols following
treatment. The NCCN for example suggest simply history and ex-
amination following definitive management of both ¢SCC and BCC
[13,14]. A baseline MRI three months after treatment may be useful for
follow up in cases of PNI treated with curative intent. Depending on the
level of concern for recurrence (surgical margins, zonal classification of
disease at surgery), MRI scans can then be performed at six monthly
intervals for three years and then continued annually until year five
[27], however there is a lack of research evidence to suggest that such a
schedule improves patient outcomes. FDG PET/CT has proven utility in
therapy response assessment in mHNSCC [32], but there are no studies
specifically in ¢SCC, as the majority of patients are treated in the ad-
juvant setting.

Changes in the American Joint Committee on cancer 8th edition
staging system for cutaneous squamous cell carcinoma

Although there are a number of staging systems in use for cSCC,
including the BWH system, the most commonly used is the AJCC TNM
classification. The recently revised AJCC8 cSCC staging system, which
applies to all NMSC lesions of the head and neck (only Merkel cell
carcinoma has its own staging system), incorporated a number of
changes to both the T- and N-categories (Table 1) [18]. The prognostic
value of these changes has been questioned in a number of recent
publications. A major drawback in AJCC8 is the failure to incorporate
immunosuppression in patients with NMSC, a factor consistently linked
with higher rates of relapse and lower rates of survival [49-52]. Other
staging systems such as the BWH include immune status, as well as
lymphovascular invasion, anatomical site, poor differentiation, asso-
ciation with a scar or chronic inflammatory disease and recurrence
[53].

T-category changes

The 7th edition of the AJCC TNM staging system (AJCC7) defined
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all primary tumours < 2 cm with < 2 risk factors as T1, where the risk
factors were: (1) depth > 2 mm or Clark level = 4; (2) any identifiable
perineural invasion; (3) location on the ear or lip; and (4) poor differ-
entiation. All lesions with = 2 risk factors or increasing size to > 2cm
were staged as T2. Locally advanced disease in AJCC7 required invasion
of either the maxilla, mandible, orbit, or temporal bone (T3) or the
bones of the skull base (T4). AJCC8 (Table 1) has seen a modification to
this risk-stratification system, removing location and differentiation,
further refining size criteria, more clearly defining PNI and upstaging
patients with any risk factor to T3, rather than T2. In summary, the
AJCC8 T-category changes are:

® Size: T1 < 2cm; T2 = 2cm but < 4cm; and T3 = 4cm
o Adverse features for upstaging to T3
e deep invasion beyond the subcutaneous fat or > 6 mm Breslow
thickness
e “minor” bone erosion
e PNI; now defined as tumour cells in a nerve within the dermis
or = 0.1 mm caliber, or the presence of clinical/radiological in-
volvement of named nerves without skull base invasion.
® T4 category is subcategorized into:
® gross cortical bone/marrow invasion (T4a) or
o those with skull base invasion and/or skull base foramen in-
volvement (T4b).

As a consequence, there may be significant T-category migration
from the AJCC7 system, resulting in lesions previously categorized as
T2 being upstaged to T3, or downstaged to T1 [51,54]. Karia et al.
reported that AJCC8 performed much better than AJCC7 with respect to
identifying primary lesions with poor outcomes based on T-category
alone [54]. A smaller series by Cafiueto et al. reported a similar finding,
and found the risk factors used in AJCC8 independently predicted a
poorer outcome, as did histological differentiation which had been
previously included in AJCC7.

N-Category changes

The AJCC8 nodal-category has incorporated ENE for the first time
(Table 1), as a reflection of the poor outcomes seen in patients with
mHNSCC [55]. ENE upstages all patients, the majority to N3b, ex-
cepting cases of a solitary node < 3cm and ENE who migrate from
AJCC7 N1 to AJCC8 N2a. ENE is seen in more than half of node-positive
cHNSCC [56], and recent publications have called into question its
incorporation in AJCC8, owing to poor prognostication.

Sood et al. retrospectively compared the prognostic performance of
the AJCC7 and AJCC8 systems in 96 patients with node-positive
cHNSCC. ECE was common (77%), resulting in upstaging of the ma-
jority from AJCC7 stage III to AJCC8 stage IV. AJCC8 was inferior to
AJCC7 in predicting DSS, when analysing both nodal-category and
overall TNM stage. Similarly, in the series of regionally metastatic
cHNSCC reported by Liu et al., the majority had ECE (78%) [56], re-
sulting in upstaging of 285/382 (75%); 110 (67%) migrated from
AJCC7 N1 to AJCC8 pN2a, while the majority of AJCC7 N2 (175/203)
were upstaged to AJCC8 N3b. While AJCC7 was able to differentiate
DSS and OS between pN1 and pN3, it discriminately poorly between the
pN1 and pN2 categories. AJCC8 performed even more poorly, unable to
provide risk stratification between any of the nodal categories.
Moeckelmann et al. have also reported that AJCC8 performed poorly
when stratifying survival by N-category [57].

Other staging systems for regionally metastatic cHNSCC have been
proposed from Australian centres including O’Brien’s parotid and neck
system [58], the N1S3 system proposed by Forest et al. [59] and the
ITEM prognostic score [60]. The staging approach suggested by O’Brien
et al., which separated parotid and cervical node involvement, was
based on their finding that metastatic cHNSCC involving both the
parotid and neck had a significantly poorer outcome than those with
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isolated parotid disease [58]. This staging system was validated in a
larger multi-institutional study [61], but did not hold up in all valida-
tion cohorts [62].

Overall these findings would suggest that the current AJCC8 staging
system is inadequate for risk-stratification in cHNSCC where regional
metastatic disease is concerned. A robust and usable staging system for
cHNSCC is desperately required to provide accurate risk-stratification
and counselling for patients.

Implications of the new staging system for p16 + carcinoma
unknown primary cancers in regions with a high prevalence of
NMSC

With contemporary diagnostic protocols, patients with true squa-
mous cell carcinoma of unknown primary in the head and neck (CUP-
HNSCC) are an infrequent occurrence, accounting for approximately
1-3% of all new head and neck presentations [63]. Determination of
the putative candidate sites may be aided by consideration of clinical
(age, sun exposure, smoking history, other dermatologic history),
radiological (nodal location) and pathological factors (basaloid his-
tology) [64]. Although spontaneous regression of cHNSCC has been
reported only as a rare phenomenon, in regions with high rates of
NMSC, a cutaneous primary remains an important differential in the
presentation of CUP-HNSCC [65].

Although a number of series have reported “unknown primaries” in
patients with cHNSCC, [66-68], the majority are usually cases where
multiple potential lesions make the determination of the index lesion
impossible [10,11,69]. In AJCCS, it is recommended that where pa-
thological findings are suspicious of a HPV-driven cancer (i.e. p16-po-
sitivity) that CUP-HNSCC be staged in accordance with the HPV-
mediated oropharyngeal carcinoma staging system. This seems a ra-
tional approach in regions of low NMSC prevalence, given retrospective
pathological series have shown that approximately 90% of CUP-HNSCC
are also HPV-positive, suggesting an oropharyngeal primary[70,71].

In areas with high cHNSCC prevalence, such as Australia, which has
the highest rate of cHNSCC in the world, caution should be used in
interpreting p16 + status alone [2]. From the Peter MacCallum Cancer
Center in Australia, McDowell et al. reported that 31% (44/143) of
node-positive parotid cHNSCC expressed strong pl6+ positivity ac-
cording to the accepted histological criteria (strong and diffuse staining
in at least 70% of cells), however the mechanism was independent of
latent high-risk HPV infection as HPV RNA-ISH was negative in all cases
(18 high risk subtypes tested) [72]. These findings were almost iden-
tical to the 32% (53/166) p16-positive rate in a series of cHNSCC from
Sydney, Australia, which also demonstrated that all ¢SCC specimens
were negative for HPV ISH [73].

Hence, relying on isolated p16 status to determine an occult or-
opharyngeal primary is problematic in areas of high NMSC prevalence.
Direct HPV testing would provide additional value in cases of CUP-
HNSCC, but may not be routinely available in all centers, and cautious
interpretation of pl6 status alone in such settings is warranted.

Summary/conclusion

Although high quality data is lacking, staging investigations in high-
risk NMSC may aid the multidisciplinary team in treatment planning.
The introduction of the new AJCC8 staging system for NMSC has not
improved prognostication, particularly where the nodal category is
concerned. Further research to assess the utility of staging investiga-
tions and to improve risk stratification is needed. cHNSCC regional
metastases are pl6-positive in approximately one-third of cases, and in
settings of high NMSC prevalence, assuming an occult oropharyngeal
primary should be done with caution.
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