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ABSTRACT

Cutaneous squamous cell carcinoma (cSCC) is
the second most common form of skin cancer,
and the number of deaths due to ¢SCC is esti-
mated to be greater than the number attributed
to melanoma. While the majority of ¢SCC
tumors are resectable with clear margins by
standard excision practices, some lesions exhi-
bit high-risk factors for which there is evidence
of their association with recurrence, metastasis,
and disease-specific death. The most commonly
used staging systems and guidelines in the
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USA for cSCC are based on these clinical and
pathologic high-risk factors; however, these are
limited in their ability to predict adverse
events, thus posing a challenge for implement-
ing risk-directed patient management. Since the
development of local recurrence and/or metas-
tasis has a profound impact on the survival of
patients with ¢SCC, accurate identification of
patients at high risk for poor outcomes is criti-
cal, potentially allowing for early and appro-
priate  adjuvant therapy. This review
summarizes the current cSCC literature with a
focus on how differing clinical assessments
within each of the five selected risk factors
(perineural invasion, differentiation, depth of
invasion, size, and location) can influence the
evaluation of patient outcomes, along with
summarizing the utility of staging and guideli-
nes, and highlighting the potential for molec-
ular tools to improve wupon cSCC risk
assessment.
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Key Summary Points

Cutaneous squamous cell carcinoma
(cSCCQ) is recognized as the second most
common skin cancer, with studies
estimating increases in incidence of
between 50% and 200% over the past
30 years.

Current methods for risk assessment in
¢SCC are heterogenous, relying on the
incorporation of high-risk tumor
characteristics, as defined by current
staging systems.

Identification of novel biomarkers to
improve the prognosis of cSCC and
incorporation of risk prognostication
methods may significantly contribute to
the development of more precisely
targeted therapies and serve as a potential
opportunity to improve upon and help
standardize the treatment of cSCC.

This article will review over 10 years of the
most relevant literature assessing the
following risk factors currently relied
upon in clinical practice to guide patient
management: perineural invasion,
differentiation, depth of invasion, size,
and location, along with reviewing
staging systems used in the USA, and
evaluating the potential for molecular
tools to enhance current risk assessment
for cSCC patients.

INTRODUCTION

Cutaneous squamous cell carcinoma (cSCC) is
recognized as the second most common skin
cancer [1]. Although the overall risk for metas-
tases and death is low (< 6% and < 2%, respec-
tively [2]) and most tumors are cured by surgical
excision, the incidence of cSCC has been on the
rise, with studies estimating increases of
between 50% and 200% over the past 30 years

[3]. Current reports of incidence are estimated
at approximately 1.8 million new cases per year,
and due to the sheer number of cases, the
overall mortality in the USA from this disease
has surpassed that of melanoma [4-6]. There are
limited options for effective treatment of dis-
tant metastasis or unresectable disease. Those
patients who do develop metastases will incur a
significant impact on their quality of life [7, 8]
and consume significant healthcare system
resources [9].

Due to the low probability of metastasis and
death for the general cSCC patient population,
accurate risk stratification is particularly
important. Risk stratification promotes imple-
mentation of the appropriate interventions for
high-risk patients while avoiding potential
overtreatment of low-risk patients, with an
overall improvement of patient outcomes.
Current methods for risk assessment in ¢SCC
are heterogenous and rely on the incorporation
of high-risk tumor characteristics, as defined by
current staging systems, and patient demo-
graphics, such as immune status. Despite best
efforts with current tumor staging, positive
predictive values for adverse outcomes remain
low [10, 11] (meaning, a significant number of
patients deemed high risk do not progress to
advanced disease). The most recent National
Comprehensive Cancer Network (NCCN) Clin-
ical Practice Guidelines [12] (NCCN) for ¢SCC
(August 2021) provide an independent list of
risk factors that indicate an increased risk for
developing local recurrence, metastases, or dis-
ease-related death. These guidelines recom-
mend that clinicians ultimately decide the
extent or intensity of intervention depending
on the presence and number of these risk
factors.

Even with the substantial evidence associat-
ing poor outcomes with certain clinical and
histopathologic risk factors, traditional meth-
ods of risk assessment based solely on clinical
and histopathologic features are limited in their
ability to accurately identify patients at high
risk for metastatic disease. Here, we review the
current literature to evaluate risk factors that
clinicians currently rely upon in practice to
guide patient management, discuss the most
commonly utilized staging systems in the USA
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and their limitations, and evaluate the potential
for molecular tools to improve upon current
risk assessment for patients with sSCC.

METHODS

The Medline database was searched via PubMed
to retrieve relevant articles on generalized cSCC
focusing on staging criteria, treatment guideli-
nes, well-defined outcomes data (local recur-
rence, nodal metastasis, disease-specific death)
regarding risk factor categories (perineural
invasion, depth of invasion, differentiation,
tumor size, and tumor location), and molecular
prognostication published between 2010 and
2021. Assessment of collected references was
used as the basis for a narrative overview of the
literature with additive input and recommen-
dations based in clinical experience from
authors.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

CLINICOPATHOLOGIC RISK
FACTORS AND THEIR USE FOR RISK
ASSESSMENT IN CSCC

A multitude of risk factors for local recurrence
(LR), nodal or distant metastasis (NM or DM),
and disease-specific death (DSD) have been
proposed [12], with strong support for the fol-
lowing factors: perineural invasion, histological
differentiation status, depth of invasion, and
tumor size and location. While these factors
have been selected for review herein, it is
important to note that there are other risk fac-
tors known to negatively impact patient out-
comes, such as lymphovascular invasion [13]
and desmoplasia [14], but due to rarity of these
other risk factors, and in the essence of brevity,
they were not expanded upon in this review.
The strength of evidence for the field of cSCC

research has historically been limited due to its
exclusion from national cancer registries and a
reliance on single-institution, often small-scale
studies for data collection. By comparison, the
level of evidence for clinicopathologic factors
for melanoma prognostication, as determined
by working groups from the American Academy
of Dermatology (AAD), generally exceeds the
evidence rating for corresponding factors in
cSCC [15, 16]. An overall summary of the
prognostic value of the above listed core risk
factors and considerations for their utility as
prognostic biomarkers in practice are provided
in Table 1.

Perineural Invasion

Perineural invasion (PNI) is most commonly
defined as tumor cells surrounding, invading, or
passing through peripheral nerves [17]. In ¢SCC
specifically, the incidence of PNI has been
reported to range from 2% to 14%, [18], and its
presence is often associated with poor progno-
sis, such as increased LR, NM, and/or DSD
[2, 19-27]. Several studies support the prog-
nostic value of PNI of large-caliber nerves (deep,
named, large nerves, or those > 0.1 mm in
diameter) compared to PNI of small-caliber
nerves (superficial, unnamed, dermal nerves, <
0.1 mm in diameter), or the absence of PNI. To
determine if the diameter of nerves invaded by
cSCC affected patient outcomes, Ross et al. [18]
compared 24 cases of cSCC with PNI > 0.1 mm
to 24 cases of cSCC with PNI < 0.1 mm and
found significantly higher rates of recurrence
(50%), metastasis (32-38%), and DSD (32%) in
the group with large-caliber nerve involvement.
Similarly, Carter et al. [28] assessed 114 cases of
¢SCC with PNI using univariate analysis and
reported that large-caliber nerve invasion was
associated with a four- to fivefold increased risk
of NM and DSD; upon multivariate analysis,
however, nerve size was not predictive of these
outcomes. Interestingly, while cSCC with PNI of
unnamed and small-caliber nerves with no
other co-occurring risk factors had an “excellent
prognosis” (with only 1 of 29 cases presenting
with LR), this study further evaluated cSCC with
small-caliber PNI associated with one or two
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Table 1 Core risk factors for cutaneous squamous cell carcinoma risk assessment

Risk factor Prognostic value Evidence Caveats to clinical utility
Perineural Consistent evidence supports PNI of large Presence is significant risk factor for: - Occurrence is rare
invasion caliber (> O.IImm) or named nerves .bemg 2 IR [2 20, 21, 30] - Often not measurable ac biopsy
poor prognostic factor. However, minimal or
small caliber nerve PNI has limited support. - NM [2, 19, 22-25] - Caliber measurement recently recognized by
Evidence is inconsistent as to.the o -DSD [2, 19, 21, 26, 31] A]CC-S 'flnd BWH, delay in - incorporation
independent prognostic value in multivariate o ) into studies
analysis, likely due to co-occurrence of high-  Large caliber is significant risk factor
risk factors for:
- LR [18, 29]
- NM [18, 28, 29]
- DSD [18, 28, 29]
Small caliber with co-factors is a
significant risk factor for all
outcomes [28]
Presence is not a significant risk
factor for:
- LR [35-37]
- NM (21, 35-37]
- DSD [35, 36]
Differentiation ~Consistent and well-documented evidence Poor differentiation significant - Histopathologic discordance is wide-spread
supports poor histological differentiation as a predictor for: . .
; . . - Tumor heterogeneity can complicate
prognostic factor and independent predictor LR [2, 19, 21, 42, 43] consistency in reporting
of outcomes. Moderate differentiation is also o Emm
often associated with poor outcomes, albeit - NM
with less supporting evidence [2, 19, 21, 22, 24, 25, 39-41, 45]
- DSD [19, 21, 35, 44]
Moderate differentiation significant
predictor for:
- NM [22, 25]
Depth of Consistent evidence supports depth of invasion, > 6 mm significant predictor for: - Absence of uniform reporting and a
invasion defined as beyond the subcutaneous fat, as an standardized measure contributes to data

independent prognostic factor. Invasion
depth of > 6 mm is consistently seen to
result in poor outcomes, while intermediate
depths (2-5.99 mm) have also shown

prognostic relevance

- LR [2] (> 2 mm also), [35]
(> 2 mm also)

- NM [2] (> 2 mm also), [22]
(> 2 mm also)

- DSD [14]

Beyond subcutaneous fat significant
predictor for:

- LR [2, 36]
-NM [2, 19, 26, 36]
- DSD [2, 19, 26]

chond Subcutancous fat not
significant predictor for:

- LR [19]
- DSD [36]

> 6 mm not significant predictor
for:

- DSD [2]

heterogeneity

- Breslow depth not routinely reported due to
high number of cases making detailed
pathology difficult [49] and that the stratum

granulosum skin layer is often lost
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Table 1 continued

Risk factor Prognostic value Evidence Caveats to clinical utility

Location/size ~ The most recent and substantial evidence Size (measured as a continuous
support that tumors > 2 c¢m in diameter are variable) is significant predictor
at higher risk for poor outcomes. A majority for:

of tumors are located in the head & neck

- Once metastasis is present, size measurement
is not an effective prognostic tool

- Some debate of > 2 cm as definitive size for

area and have shown more aggressive - LR 37, 50] upstaging

behavior when compared to other body sites. > 2 cm is significant predictor for: - Analyses of size measured in entire cohort, not
Tumors located on the ear and lip are most [ p [51] specific to body location

commonly associated with the highest risk

(thought to be due to lack of subcutancous - NM [2, 24, 25]

fat at these locations, allowing for greater
potential for deep invasion), yet inconsistent
data has caused dispute

-DSD [2, 14, 19, 31]

> 2 cm is not significant:

- NM (22, 40, 44]

Lip is a high-risk location for:
SNM [2, 12, 19, 22, 25]

-DSD [2, 19]

Lip is not a high-risk location for:
-LR [2, 21, 37, 51]

-NM [21, 52]

- DSD [14, 21]

Ear is a high-risk location for:

- LR [21]

“NM [2 19, 21, 22, 25, 37, 52, 54]
-DSD [2, 19, 21]

Ear is not a high-risk location for:
IR [2, 51]

- DSD [14]

Lower and upper extremities are not
a high-risk location for:

-NM [55]
-DSD 55

AJCC-8 American Joint Committee on Cancer staging manual, 8th edition, BWH Brigham and Women’s Hospital staging, DSD disease-specific death, LR

local recurrence, NM nodal metastasis, PNI perineural invasion

other risk factors and found that the number of
overall poor outcomes equaled or surpassed
those of cases with large-caliber PNI with similar
risk factor counts, suggesting that adjuvant
therapies may need to be considered for the
former cases. The initial study leading to
development of the Brigham and Women'’s
Hospital (BWH) staging system [19] analyzed
256 ¢SCCs and found that PNI of nerves >

0.1 mm (n=14) were significantly associated
with NM and DSD when compared to PNI of
nerves < 0.1 mm (n = 23), which had neither of
these outcomes; and a larger follow-up study
(n = 1818) from this same institution reinforced

large-caliber nerve size (> 0.1 mm; n=32) as a
high-risk feature [29].

Several recent studies have demonstrated the
differing outcomes associated with PNI when
accounting for treatment modality. From
among a multi-center cohort of 598 patients
with ¢SCC, Khan et al. [30] performed a retro-
spective subgroup analysis of 47 patients pre-
senting with PNI who were treated with wide
local excision and unspecified adjuvant thera-
pies, and found that 50% of the recurrence
group had concurrent local recurrence and
lymph node metastasis. Trosman et al. [31]
performed a retrospective review of 104 patients
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treated with either surgery (at least parotidec-
tomy and neck dissection), adjuvant radiother-
apy, or adjuvant chemoradiotherapy. In their
multivariate analysis, PNI was an independent
predictor of worse disease-free survival (DFS)
and had the highest hazard ratio (HR) for dis-
ease recurrence when controlling for other
pathologic risk factors and, importantly, the
effects of adjuvant therapy. Also, of note,
patients with PNI had an estimated 2-year DFS
of 54% compared to 78% in those without PNI,
despite 87% of all patients having undergone
adjuvant therapy. In a study on the benefits of
post-operative radiotherapy (PORT) for the
management of 110 cSCC patients with differ-
ent PNI subtypes, Cafniueto et al. [32] found that,
overall, PORT is beneficial in terms of local
control and long-term outcome in those
patients with PNI > 0.01 mm, and more so in
sSCC cases with positive surgical margins, and
unnecessary for those having PNI of small-cal-
iber nerves, no other risk factors, and clear sur-
gical margins. Additional studies have provided
strong evidence that adjuvant therapy does not
improve disease-specific outcomes for patients
with primary ¢SCC with PNI and clear surgical
margins [33, 34], and others have shown a lack
of statistical significance for elevated risk of LR,
NM, or DSD in patietns with ¢SCC with clear
surgical margins and the presence of PNI
[35-37]. A limitation to these particular studies,
overall, was a lack of events, preventing sub-
stantial multivariate analyses. Collectively,
these data suggest that the efficacy of adjuvant
therapies to prevent recurrence is less likely to
be successful when PNI is present and support
PNI as a marker of aggressive behavior.
Substantial limitations to improved disease
control for cSCC patients with PNI are the lack
of clear treatment guidelines and randomized
trial-based evidence for post-operative adjuvant
therapy, such as radiation or immunotherapy.
The current NCCN guidelines [12] recommend
consideration of adjuvant radiotherapy for
cSCC patients having PNI as defined by the
American Joint Committee on Cancer’s Cancer
Staging Manual eighth edition (AJCC-8) but do
not give definitive guidance on which patients
should receive adjuvant therapy. While
improvements have been made in terms of

defining which type of PNI is meaningful for
predicting patient outcomes (e.g. > 0.1-mm-di-
ameter nerve caliber), ultimately this subject is
still under debate, and full assessment of this
histopathologic feature remains challenging.
Moreover, the low frequency or low reporting of
PNI, along with its common co-occurrence with
other high-risk factors, has created challenges
for study design and interpretation of data. To
address this need, Trosman et al. [31] suggested
future research should focus on understanding
the molecular pathways associated with PNI, or
perhaps, more broadly, those pathways driving
aggressive biological behavior. In that regard,
molecular prognostication methods, as dis-
cussed later in the review, may benefit patients
with an uncertain level of PNI, or with PNI
under consideration for adjuvant radiation.

Differentiation

Histopathologic grading of cSCC was first
described in 1921 by Broders [38] and today is
still the standard guideline grading system of
cell differentiation. Poorly differentiated his-
tology has been identified as an independent
predictor of LR, metastasis, and/or DSD
[24, 25, 35, 36, 39-43] for ¢SCC. In a study at
BWH [19], multivariate models using 256
tumors from 237 patients identified poorly dif-
ferentiated histology as the only risk factor able
to predict all poor outcomes of interest (LR, NM,
DSD, and all-cause mortality). In a 10-year ret-
rospective cohort study of 985 patients with
1832 invasive primary cSCC tumors, Schmults
et al. [21] used a multivariate competing risk
analysis to further support poor tumor differ-
entiation as an independent predictor of LR,
NM, and DSD. The objective of the study con-
ducted by Ch'ng et al. [44] was to determine
which, if any, primary tumor factors could be
independently associated with the prognosis of
head and neck (H&N) cSCC patients with NM.
Tumor differentiation was the only factor in
both univariate and multivariate analysis sig-
nificantly associated with disease-specific sur-
vival. A meta-analysis of 18 independent studies
by Thompson et al. [2], determined that cases
with poor differentiation had a relative risk (RR)
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of 2 for LR and a RR of 5 for both NM and DSD.
These studies support poor differentiation as
one of the more important prognostic factors in
cSCC.

Several studies have evaluated the impact of
moderately differentiated c¢SCC tumors as a
distinct group (separated from well- and poorly
differentiated tumors) and found them to be
significantly associated with poor outcomes.
Brougham et al. [25] analyzed data from 6164
c¢SCC patients with 8997 primary tumors, the
largest cohort in this review, over a 10-year
period, with the purpose of determining which
risk factors would correlate with metastatic
outcomes. Using a univariate Cox regression
analysis, they found that both moderate differ-
entiation and poor differentiation increased the
risk of metastasis. Brinkman et al. [45], while
not able to attain statistical significance
between tumor differentiation and LR, did find
5-year metastasis-free survival (MES) rates of 70,
51, and 26% for well-, moderately, and poorly
differentiated ¢SCC cases, respectively. The
study showed that a large percentage of mod-
erately differentiated tumors are capable of
metastasis and, importantly, reliance on poor
differentiation alone may lower sensitivity for
identifying tumors with metastatic risk.

Haisma et al. [22] evaluated 545 H&N cSCC
tumors using a multivariate Cox regression
analysis to determine that moderate (HR 4.32,
p =0.004) and poor (HR 12.56, p < 0.001) dif-
ferentiation had a significant effect on lymph
node metastasis, when compared to well-dif-
ferentiated tumors. As a result, a dichotomous
histologic classification system was proposed,
wherein well differentiated defines low-grade
tumors while moderately or poorly differenti-
ated determines high-grade tumors; this con-
trasts with the common approach of
comparison of poorly differentiated tumors
versus all others. This new system may allow for
better guidance in making patient management
decisions due to both a more appropriate high-
risk staging of metastatic tumors and to a likely
improvement of interobserver agreement.

The determination of differentiation status is
subjective, and histopathologic discordance can
adversely impact its value as a prognostic factor
[46]. Defining differentiation status can be

complicated by the presence of focal areas of
moderate to poor differentiation in a predomi-
nantly well-differentiated tumor, possibly
explaining why some well-differentiated tumors
can metastasize [43, 45, 47]. While proposed
merging of moderate and poor differentiation
status for purposes of risk assessment may mit-
igate some of this discordance, as well-differ-
entiated lesions are typically more consistently
recognized, some have noted that a binary sys-
tem may increase the possibility of incorrectly
upstaging tumors [48]. Ultimately, a more uni-
form designation of histologic grading for cSCC
is necessary but poses challenges.

Depth of Invasion

The thickness of a tumor is well established as
an independent prognostic factor for ¢SCC
[2, 19, 21, 22, 29, 36]. This factor is captured
and reported in various ways: tumor thickness
as Breslow depth in millimeters (measured from
the granular layer, i.e., stratum granulosum, to
the deepest point of invasion); tissue level of
invasion as Clark’s level; or anatomic depth to/
beyond subcutaneous fat, muscle, cartilage, or
bone. In the highest level of evidence, a sys-
tematic review and meta-analysis, Thompson
et al. [2] determined that the risk factor most
highly associated with LR and NM was tumor
depth, regardless of measurement as Breslow
thickness or anatomic depth. Specifically, inva-
sion beyond subcutaneous fat had a sevenfold
higher risk of LR, a 11-fold higher risk of NM
and a fourfold higher risk of DSD, while a
depth > 6 mm had a sevenfold higher risk of LR
and NM. In a prospective study, Eigentler et al.
[14] found that tumor thickness > 6 mm was a
statistically significant predictor of DSD in both
a univariate and multivariate model with HRs of
8.64 and 7.29, respectively. In a study focusing
on survival outcomes of 315 H&N cSCCs, Kyr-
gidis et al. [26] used a multivariate logistic
regression model to determine that deep inva-
sion was able to predict regional failure
(OR 16.6) and was an independent predictor of
disease-related death. They also concluded that
reporting invasion beyond subcutaneous fat
was more beneficial and time efficient than
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reporting Breslow depth, stating, as an example,
the significant variability of facial skin thickness
between eyelids versus the forehead. As will be
discussed in section “Size and Location”, there
are some anatomic locations (such as the ear
and lip) that are generally considered to be at
higher risk for metastasis, most likely due to the
relatively thin architecture of these sites allow-
ing for a greater likelihood of invasion beyond
the dermis. Thus, the prognostic importance of
depth of invasion may explain why certain
anatomical locations are high risk, even when
invasion is < 6 mm. Overall, there has yet to be
a direct comparison between the two types of
tumor depth measurements and their utility.
While > 6 mm of depth of invasion seems to
consistently associate with poor outcomes, the
data provided herein suggest that the interme-
diate depths should be recognized as well.
Haisma et al. [22] not only analyzed moderately
differentiated cells separately from well- and
poorly differentiated cells, but also analyzed the
impact of varying tumor thicknesses on MFS.
These authors found a significant increase in
the risk of NM in both their univariate and
multivariate analysis of tumors measuring
2.1-4 mm and > 6 mm in thickness, along with
significance in the risk of NM in their univariate
analysis for tumors measuring 4.1-6 mm deep.
Tschetter et al. [35] investigated the relation-
ship between tumors measuring 2-5.99 mm and
LR and found statistical significance in their
univariate analysis (HR 8.48). Thompson et al.
[2] also showed strikingly high RRs for LR and
NM of tumors with thickness > 2 mm (RR 9.64
and 10.76, respectively). These authors suggest
that the results may have been due to increased
numbers of patients with tumors 2-6 mm deep
compared to those with tumors > 6 mm.
Uniform reporting of tumor thickness is
challenging in this tumor type and may con-
tribute to the lack of standardized reporting.
Measuring a tumor’s thickness by Breslow depth
allows for an established analysis based on a
continuous numerical value, as is performed for
melanoma. However, c¢SCC lesions are chal-
lenging due to the stratum granulosum often
being lost and because these lesions are pri-
marily diagnosed via the results of a shave
biopsy that may transect the specimen, as

opposed to a definitive excisional specimen as
seen in melanoma; consequently, complica-
tions in quantitative assessments, like Breslow
depth, can arise [49]. It has been suggested that
measuring from the basal cell layer immediately
adjacent to the tumor base may be a more rea-
sonable way to measure depth by millimeter
[49]. There is also agreement that defining
tumor depth via tissue level (i.e., invasion
beyond subcutaneous fat) is easier to evaluate, is
more commonly reported by pathologists when
tumors invade beyond the dermis, and can
clarify among both horizontally and vertically
sectioned tissue specimens [2, 49]. Also, inva-
sion beyond fat can be identified and reported
during the beveled excision technique used in
Mohs micrographic surgery (MMS), but the
tangential excision used during MMS makes
Breslow depth measurement near impossible,
unless a debulking specimen is taken for vertical
sectioning. Regardless of the method of tumor
depth measurement, reliability and repro-
ducibility are of the utmost importance in order
to avoid imprecise prognostic estimates and
patient staging.

Size and Location

Another clinical factor assessed when deter-
mining metastatic risk is the horizontal size of
a cSCC lesion. Many studies have shown that a
tumor size > 2 cm is indicative of a greater risk
of tumor metastasis [2, 24, 25] and DSD
[2, 14, 19]. Bourlidou [50] and Roozeboom et al.
[37] both found that with each additional 1-cm
increment in tumor diameter there was a sig-
nificantly higher risk of LR. Trosman et al. [31]
estimated that the 2-year DFS for patients with
tumors of diameter <2 cm, 2-4 cm, and > 4 cm
was 3, 60, and 48%, respectively. Patients with
tumor size < 2 cm had significantly higher DES
than those with tumor size 2-4 cm and > 4 cm,
with no significant difference between the latter
groups. Also, in a multivariate analysis using
factors reaching significance in the univariate
analysis (i.e., tumor size > 2 cm, PNI, positive
margins, and lymphovascular space invasion),
tumor size > 2 cm was the only risk factor that
remained statistically significant as a predictor
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of worse DFS. The impact of tumor size on
specific high-risk groups has also been investi-
gated. Evaluating the risk of recurrence in heart
and lung transplant recipients, Metch-
nikoff et al. [51] found that tumors that recur-
red had a larger preoperative prebiopsy
diameter than those that did not and that pri-
mary tumors > 2 cm were significantly more
likely to recur.

While there are robust data to support that a
tumor with a diameter of > 2 cm is associated
with poorer outcomes, some studies support
that large tumor diameter alone is insufficient
to assess risk. Mourouzis et al. [40] found that
the size of the primary lesion was not signifi-
cantly associated with NM in their cohort of
194 patients, but noted that 60% (6 of 10)
patients who did develop metastasis had a
¢SCC < 2 cm in diameter, suggesting that small-
diameter lesions may still have metastatic
potential. Using a multivariate analysis,
Haismaet al. [22] identified a significant
increased risk of NM only in tumors measur-
ing > 5 cm, but noted that the lack of signifi-
cance for tumors measuring < 5 cm may be due
to the significant correlation between tumor
diameter and tumor thickness in this model.
Interestingly, Mourouzis et al. [40] also recog-
nized a relationship between tumor diameter
and depth; these authors reported that 79% of
lesions with a diameter > 2 cm had a depth >
4mm compared to 30% of lesions with a
diameter of <2 cm. Ch'nget al. [44] focused
their study only on whether primary tumor
characteristics can remain independent prog-
nostic factors in cSCC patients with NM of the
H&N. They determined that while tumor size
has been proven to predict the increased risk of
NM, it ceased to be relevant when NM was
already present.

Anatomic location of ¢SCC has been recog-
nized to play an important role in prognosis.
Several studies found the lip to be a high-risk
location in certain poor outcomes (NM
[2, 19, 22, 25] and DSD [2, 19]) while others
found no correlation (LR [2, 21, 37, 51], NM
[21, 52], or DSD [14, 21]). A study by Wang et al.
[53] stated that studies in the literature have
inconsistently analyzed the differences between
lip zones. In their study of 303 patients with

primary cSCCs of the lip, they showed a fivefold
greater risk for NM of the vermilion lip versus
the cutaneous lip. These results led Wang et al.
[53] to suggest that it is possible that studies
which did not identify the lip as a high-risk
location may have only focused on the cuta-
neous lip region.

The other most common site investigated is
the ear, with multiple studies showing associa-
tion of this site with LR [21], NM
2, 19, 21, 22, 25, 37, 52, 54],and DSD
[2, 19, 21], but some finding a lack of associa-
tion with LR [2, 51] or DSD [14]. The study by
Vinicius et al. [55] was the only one in which
sites outside of the head and neck were ana-
lyzed. In this study, 55 patients with advanced
cSCC of the lower and upper extremities and
trunk regions were analyzed, with the results
showing that these locations did not affect NM
or survival.

When a patient presents with a potential
cSCC tumor, location and diameter are easily
captured for initial risk assessment. The strati-
fication of the horizontal tumor size into T stage
is crucial as it can determine further treatment
options. With most studies in agreement that
tumors > 2 cm have increased risk for poor
outcomes, there is still debate on just how
much impact size and location have as inde-
pendent prognostic factors. A lesion with sig-
nificant horizontal spread may remain well-
encapsulated and lack depth of invasion, thus
mitigating association with risk. Further com-
plicating such analyses are studies that do not
define the location on the body when assessing
the size of the tumor. Also, while locations of
the lip and ear are often described to be associ-
ated with poor outcomes, results are inconsis-
tent or often underpowered to evaluate risk in a
multivariate analysis.

CURRENT TUMOR STAGING
SYSTEMS FOR RISK
STRATIFICATION

Cancer staging systems provide clinicians from
different settings with a consistent language for
evaluating and assimilating tumor risk infor-
mation based on clinicopathologic factors that
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are associated with poor patient outcomes
(Table 2). The AJCC provides its Cancer Staging
Manual as a guide for cancer staging informa-
tion and maintains the most comprehensive
anatomic staging data available [S6]. AJCC
staging criteria are based on unified data sets
that compile clinical and pathologic informa-
tion for population-based stratification of
patients into groups that are “distinctive (the
likelihood of developing the adverse event dif-
fers between groups), monotonous (the likeli-
hood increases with increasing stage), and
homogeneous (the likelihood is similar within
each group).” [57].

The AJCC Cancer Staging Manual seventh
Edition (AJCC-7) was published in 2010 and, for
the first time, separated cSCC from the wider
group of tumors identified as nonmelanoma
skin cancers (NMSC). AJCC-7 expanded the
number of prognostic factors used to determine
the risk associated with ¢SCC but, unfortu-
nately, demonstrated limited prognostic ability
when determining which cSCC patients are at
greatest risk for disease-related outcomes
[19, 29, 52, 58, 59]. Specifically, AJCC-7 is

marked by a high rate (> 80%) of adverse out-
comes in the group of patients designated as T2
[60]. Additionally, the stratification of patients
to the T3/T4 categories based solely on bone
invasion has limited the utility of the staging
system [29].

Recognizing the limitations of AJCC-7, the
goal of the BWH staging system was to have a
greater separation of high-risk and low-risk
tumors, especially within the heterogeneous
AJCC-7 T2 tumor designation, with the aim to
improve upon identifying the tumors those at a
higher risk of adverse events. The BWH staging
system incorporates the four factors described
in this review: PNI, differentiation status, inva-
sion, and tumor size, with equal weighting into
a summed T stage. This system successfully
improved upon AJCC-7 [29, 54, 60, 61] using
four statistically distinct stages and ultimately
has become the recommended staging system
by the AAD.

The AJCC-8 was published in 2017 and has
improved upon the AJCC-7 system while
demonstrating concordance with BWH stratifi-
cation [60, 62]. While the changes in AJCC-8

Table 2 Overview of incorporation of high-risk factors into formalized staging systems

Risk factor Staging system
AJCC-7 (2010) AJCC-8 (2017) BWH (2013)
High-risk Size with upstaging by risk  Size with upstaging to T3 with Sum of presence of 4 possible HRFs (0
factor factor count specific HRFs HRF = T1; 1 HRF = T2a; 2-3
HRFs = T2b; 4 HRFs = T3)
Tumor Tlif <2cmand <2 Tlif<2em; T2 if > 2 if >2cm
diameter HRFs; T2 if > 2 cm or but < 4 cm; T3 if > 4 cm or
any size with > 2 HRFs any size with 1 HRF
Location if on ear or lip Not considered Not considered
Invasion if > 2 mm or Clarks T3 if > 6 mm or beyond if beyond subcutaneous fat; bone
Level > IV; bone subcutaneous fat; bone invasion upstages to T3
invasion upstages to T3 or invasion upstages to T4a or
T4 T4b
PNI if any PNI present any size T3 if > 0.1 mm or named if > 0.1 mm nerve PNI present

nerve PNI present

Differentiation if poorly or undifferentiated Not considered

if poorly differentiated

AJCC-7 American Joint Committee on Cancer staging, 7th edition, HRF high-risk factor
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focused only on the head and neck region and
included the most recent data available in
describing independent prognostic factors in
cSCC, there have already been publications
identifying the limitations of this staging sys-
tem [58, 60-63]. Cafiueto et al. [60] used binary
logistic regression to explore the significance of
risk factors used in staging systems (comparing
AJCC-7, AJCC-8, and BWH) to predict poor
outcome events of 186 retrospectively collected
H&N cSCCs. They extended their analysis of
differentiation grade to AJCC-8, although this
risk factor is not included in its staging. It was
determined that poor differentiation was inde-
pendently associated with metastasis and DSD;
in tumors staged T3 by AJCC-8 standards, nearly
one in three tumors developed poor outcomes,
all of which exhibited poor differentiation.
Noting that poor differentiation as a risk factor
was deemed too inconsistent in definition to be
included in AJCC-8 staging criteria, Karia et al.
[62] set out to compare tumor classifications for
H&N ¢SCC between AJCC-7 and AJCC-8 in a
large cohort of 680 primary H&N cSCCs. Most
of the poor outcomes that occurred in AJCC-8
T2 (40% of LRs, 50% of NMs, 100% of DSDs)
and T1 tumors (43% of LRs and 67% of NMs)
were those having poor differentiation. Also, in
their analysis, 96 cases were upgraded from
AJCC-7 T1 or T2 to AJCC-8 T3, of which 71 were
upgraded based on a single risk factor (as is the
qualifier to be upgraded to AJCC-8 T3). Of these
71 cases, only those of poor differentiation sta-
tus had an elevated risk of poor outcomes.
Overall, it should be recognized that some
tumors designated as low risk by AJCC-8 (T1/T2)
may still develop poor outcomes due to poor
differentiation and that T3 tumors upstaged
based on a single risk factor should be evaluated
for degree of differentiation when assessing
treatment options. It was concluded that poor
degree of differentiation is a risk factor that may
be helpful in recognizing subgroups of tumors
with a higher tendency for poor outcomes and
its inclusion into AJCC staging should be fur-
ther assessed.

Another possible explanation for the
heterogeneity seen among the outcomes of
clinical studies may be the mixture of treatment
approaches. For example, in the study that

resulted in the formation of the BWH staging
system, 27% of tumors were treated by MMS,
52% by wide local excision (WLE), and 15% by
electrodessication and curettage [19]. The
inclusion of blended treatments within a study
creates a challenge in evaluating whether a
specific tumor characteristic, such as PNI, size,
or depth of invasion, is truly an independent
poor prognosticator. As the paradigm in surgical
management of cutaneous carcinomas contin-
ues to shift from WLE to MMS (with studies
showing that the more comprehensive margin
control provided by MMS may be able to miti-
gate the risk conferred from high-risk tumor
characteristics with the potential to allow for
optimal local control [35, 36]), the concentra-
tion of one treatment method utilized in the
clinic could allow for greater probability in
providing consistency among clinical studies
that may be collected for meta-analysis or uti-
lized as references for updates to current staging
systems.

It is also worth noting that immunosup-
pression, which is a patient factor and not a
tumor factor, has been excluded as a compo-
nent of the staging systems listed above, and
thus has not been a primary focus of this review.
While the NCCN guidelines and alternative
staging systems not commonly used in the USA
(e.g., Tibingen/Breuninger [14]) deem
immunosuppression to be a high-risk factor, the
AJCC-8 manual only recognizes it as a
notable item to take into account in clinical
practice, stating that its exclusion from staging
is due to limited studies, patient heterogeneity,
and small cohort numbers [64]. Even with
thorough documentation of immune status and
when accounting for type of immunosuppres-
sion (e.g., solid organ transplant recipients vs.
hematopoietic malignancies vs. pharmaco-
logic), the impact of this disease state on cSCC
outcomes is uncertain. Thus, use of this crite-
rion to identify cSCC patients as high-risk dur-
ing assessment is less than ideal and may simply
reflect the likelihood of developing primary
¢SCC and a high burden of multiple c¢SCC,
along with adding to the complexity of man-
agement decisions.

In the absence of a universal staging system
for cSCC, it becomes challenging to develop
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consistent and risk-appropriate management
protocols [65]. This has the potential to lead to
wide-ranging management decisions among
patients with similar risk profiles. Inversely, lack
of homogeneity within stage, meaning the
likelihood of poor outcome differs within
group, can lead to challenging management
decisions. As recognized in the recent publica-
tions highlighted in Table 3, the potential for
BWH T1/T2a cSCC patients to develop metas-
tases is 35%, suggesting understaging, while
only 25% of T2b/T3 patients develop metas-
tases, suggesting overstaging. This analysis
demonstrates the critical need for an unbi-
ased—or at least another more precise and
objective—method to improve homogeneity
and monotonicity.

Another hurdle to the implementation of
uniform treatment strategies is that staging
systems for cSCC have not been wholly applied
in the clinical setting [66]. This can be seen
from two separate surveys in which a substan-
tial amount of dermatology clinicians do not
use any sort of staging system (43.9%, Litchman
et al. [67]; 36.6%, Teplitz et al. [68]). The clini-
cians that did confirm using a staging system
within their practice, designated, with varying

percentages, either AJCC-7, AJCC-8, or BWH as
their primary reference for staging. This sug-
gests that clinicians often use their own expe-
rience and judgment when assessing risk of
cSCC clinical features or may only reference
NCCN guidelines, which do not require staging,
and may be hesitant to commit to a particular
staging system due to the limitations discussed
above. cSCC staging has also been limited by its
exclusion from the Surveillance, Epidemiology
and End Results (SEER) national registry
(deemed too costly to track due to its high
incidence and overall good prognosis [3]),
which may also dissuade physicians from stag-
ing tumors. While staging systems are improv-
ing, ultimately, risk assessment for poor
outcomes in ¢SCC remains problematic.

Molecular Prognostication

To improve care of patients with cSCC, there is
a need for improved prognostic tools to
enhance the precision of clinicopathologic
staging. To date, previously published studies
evaluating differential gene expression in ¢SCC
have primarily been exploratory, descriptive,
and centered on particular genes or pathways

Table 3 Analysis of Brigham and Woman’s Hospital staging systems’ accuracy in determining appropriate risk assessment

Study Understaged (% of metastases occurring Overstaged (% of high-risk cases
in patients deemed low risk)® without metastasis over-called)®

Tschetter et al. (2020) [35] 60.0 94.1

Ruiz et al. (2019) [61] 30.4 74.6

Marrazzo et al. (2018) [36] 22.6 83.4

Cafiueto et al. (2018) [60] 39.1 73.1

Haisma et al. (2016) [22] 51.9 64.3

Karia et al. (2014) [62] 313 76.1

Jambusaria-Pahlajani et al. (2013) [19]  16.0 61.8

Median 31.3 74.6

Average 359 75.3

Comprehensive 35.1 75.7

“Patients with metastatic outcomes initially staged as T1 or T2a (% = metastatic case T1 or T2a/total metastatic cases)
PPatients without metastatic outcomes initially staged as T2b or T3 (% = event free cases T2b or T3/total cases T2b or T3)
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[69-71] rather than focused on the develop-
ment of a clinically viable molecular signature
associated with differential risk. While provid-
ing important advances in the understanding of
the disease, they have been underpowered to
support the rigorous validation necessary to
achieve clinical validity standards and clinical
adoption. In concordance with previous calls
for the development of evidence-based prog-
nostication incSCC [12, 19, 72], a great
improvement to patient care would be
biomarkers that identify patients at intermedi-
ate or high risk for regional, nodal, or distant
metastatic disease.

Utilization of tumor biomarkers to inform
clinical decision-making through prognostica-
tion of risk and prediction of treatment
response has greatly impacted the care of
patients with other types of cancers. This para-
digm has been successfully employed in uveal
melanoma [73, 74], cutaneous melanoma
[75-77], and breast [78-80], prostate [81--
83], lung [84, 85], thyroid [86], and bladder [87]
cancers. A test that accurately identifies cSCC
patients whose tumors have high metastatic
potential could promote accurate implementa-
tion of adjuvant therapy strategies and, ulti-
mately, allow for early treatment to prevent
metastasis or if early subclinical metastasis
occurs. Alternatively, low-risk patients inap-
propriately classified as being at high risk could
be spared the morbidity and/or cost of unnec-
essary therapies. Therefore, as analysis of
tumors using various molecular methods during
decision-making is commonplace for some
cancer types, there is a clear potential for such
approaches to provide accurate risk assess-
ment, inform clinical outcomes research,
improve and standardize treatment guidelines,
and better utilize clinical resources in cSCC.

Wysong and colleagues [10] developed and
independently validated a 40-gene expression
profile (40-GEP) to assist in predicting a tumor’s
risk for NM or DM. The study describing the
development and validation was prospectively
designed and included 586 primary archived
cSCC tissue samples with at least one high-risk
feature, and corresponding clinicopathologic
data from 23 independent centers. Cases were
divided into a discovery cohort (to develop the

GEP signature) and an independent validation
cohort. The resulting 40-GEP test was able to
stratify patients into three statistically signifi-
cantly different classes based on metastatic risk.
These classes of low, high, or highest risk were
determined by the probability of each group of
developing metastasis within 3 years of diag-
nosis. In a recent publication, an expert panel
agreed [88] that GEP prognostic testing could
positively augment current staging assessment
methods for high-risk ¢SCC patients; and in a
separate study, dermatologists demonstrated
appropriate incorporation of 40-GEP test results
in management decisions via use of patient
vignettes [67]. As an independent predictor of
outcomes, this test has the potential to identify
a considerable number of high-stage patients
with biologically low-risk tumors who could
avoid overtreatment as well as identify low-
stage patients at a higher risk of metastasis. It
shows promise as an additive feature in
enhancing current staging systems and as a
framework for the development of improved
risk-informed management decisions of cSCC
patients.

CONCLUSIONS

As c¢SCCis becoming a greater public health
concern, it would be advantageous to be able
to identify a patient’s risk of adverse events to
support the early initiation or, conversely,
avoidance of aggressive surveillance strategies
or adjuvant therapies. Accurate research on
outcomes, uniform risk assessment, and homo-
geneity within stage are critical to guiding
research on interventions and assist in limiting
the diversity of clinical management decisions
seen for cSCC patients. The overall challenge in
appropriate risk assessment for cSCC is the lack
of synchronization between a universally
accepted staging system and management
guidelines. It has become an arduous task to
compile a universal staging system of risk
prognostication that incorporates clinico-
pathologic features for multiple reasons: exclu-
sion of cSCC from SEER; most studies are the
product of single institutional efforts performed
using retrospective data sets with small,
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homogeneous cohorts (possibly due to the poor
registration practices exhibited worldwide [1];
the high number c¢SCC tumors treated using
outpatient procedures [57]); and many skin
cancer studies often including cSCC within the
broad category of non-melanoma skin cancer
(NMSC), which has led to a paucity of inde-
pendent data specific to the cSCC population.
Clear definitions and standardized reporting of
risk factors are urgently needed to facilitate risk-
aligned decisions concerning patient care.

To combat the problematic issue of using risk
factors to guide patient management decisions,
there is a consensus that the identification of
novel biomarkers to improve prognosis of cSCC
will significantly contribute to the development
of more precisely targeted therapies and assess-
ment of individual prognosis, improving the
clinical management of this disease [89].
Incorporation of risk prognostication methods,
such as the 40-GEP, into current cSCC risk
assessment has been recognized as a potential
opportunity to improve upon and help stan-
dardize the treatment of cSCC. The ultimate
goal is early detection for individuals who are
likely to develop metastasis and the sparing of
unnecessary invasive or costly interventions for
those who are unlikely to develop metastasis.
This would ideally lead to an improvement in
patients’ quality of life and achieve the overall
goal of reducing cSCC patient morbidity and
mortality.
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