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ABSTRACT

Cutaneous squamous cell carcinoma (cSCC) is the second most common cancer affecting humans.
The combination of the increasing incidence and high mortality in advanced stages of the disease,
defines cSCC as an emerging public health problem. Advanced disease includes metastatic and locally
advanced cSCC. Metastatic disease refers to the presence of locoregional metastasis (in transit or to
regional lymph nodes) or distant metastasis. Locally advanced disease has been defined as non-metastatic cSCC that is unlikely to be cured with surgery, radiotherapy, or combination treatment. While
metastatic cSCC is easily diagnosed, locally advanced disease lacks consensus definition and diagnosis is made after multidisciplinary board consultation. Identifying patients with aggressive cSCC at
highest risk for relapse may prevent the occurrence of advanced disease. Prognostic factors suggested
by most guidelines include tumor diameter (>2 cm), localization on temple/ear/lip/area, thickness (>6
mm), or invasion beyond subcutaneous fat, poor grade of differentiation, desmoplasia, perineural
invasion, bone erosion, immunosuppression, undefined borders, recurrence, growth rate, site of prior
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radiotherapy, and lymphatic or vascular involvement. Although risk factors associated with worse
outcomes are well known, there is still a gap of knowledge on the precise risk of each factor taken
individually. The aim of this review is to summarize cSCC prognostic factors and encompass the
various staging systems to guide management and follow-up in cSCC patients at higher risk for local
recurrence and metastasis. Finally, we describe the hallmarks of the advanced disease. Advanced cSCC
diagnosis should be made by a multidisciplinary board considering patients’ performance status and
disease characteristics.

Introduction

if properly managed with adequate surgery, follow-up, and
adjuvant therapy. A thorough clarification of cSCC charac-

Cutaneous squamous cell carcinoma (cSCC) is considered

teristics associated with poor prognosis is urgently needed,

the second most common non melanoma skin cancer after

as it is crucial factor in guiding multidisciplinary discussions

basal cell carcinoma (BCC). Evidence indicates however that

on an adequate management strategy.

the incidence is still underestimated. Contrary to the reported
BCC:SCC ratio of 4:1, a ratio of 1:1 was observed in the US

Classification and Staging of cSCC

Medicare fee-for-service Population from 2006 to 2012 [1],

The WHO classification of skin tumors identifies several

and an overall 263% increase in the incidence rate of SCC

histologic variants of cSCC which have important implica-

was observed from 1976 to 2010 in a population cohort

tion for management and prognosis [7]. Among invasive

from Minnesota [2].

cSCC, keratoacanthoma and verrucous SCC are considered

cSCC is also regarded as the second most frequent cause

low-grade variants as they have little, if any, metastatic

of death due to skin cancer after melanoma, although, on a

potential, while acantholytic, spindle cell, adenosquamous,

population-based scale, the absolute number of deaths from

and clear cell SCC are characterized by a more aggressive

cSCC equals that of melanoma [3]. Despite the overall favor-

behavior and worse prognosis [7].

able clinical outcome of low risk cSCC, there is a subset of

The 8th edition of the TNM classification of malignant

cSCCs that tends to recur and metastasize exhibiting a more

tumor (TNM8) was published in 2017, with a version from

aggressive course. The rate of recurrence varies from 2.7%

both the American Joint Committee on Cancer (AJCC) [8]

[4] to 4.6% [5], as reported in 2 large studies including 653

and the Union for International Cancer Control (UICC)

and 985 patients with cSCC followed for approximately 10

[9]. UICC and AJCC work closely together and, in most

years, respectively. The rate of metastases ranges from 1.2%

instances, the TNM version of each organization is the same

to 4%, with 2.1% disease-specific death [5]. Because of the

or very similar. Unexpectedly, AJCC limited its TNM8 edi-

increasing incidence related to the aging population and the

tion to the staging system for cSCC of the head and neck and

high mortality in advanced disease, cSCC is increasingly

did not provide a staging system for cSCC of the trunk and

emerging as a public health problem.

limbs. In comparison, UICC TNM8 provides 2 chapters for

The term “advanced cutaneous squamous cell carcinoma”

skin carcinoma: one covering the primary sites on the head

defines cSCCs that are no longer amenable to surgery and/

and neck and one covering the trunk and limbs. Overall, the

or radiotherapy (RT) and are eligible to anti PD-1 treatment

2 chapters in UICC 8th and AJCC 8th ed. for cSCC TNM of

[6]. The introduction of this class of drugs has raised aware-

head and neck are essentially identical except for the defini-

ness on advanced cSCC that was previously under-recognized

tion of perineural involvement (Tables 1-4) [9,10].

and under-treated because of its poor prognosis. This draw

The T subcategory is defined by the clinical diameter and

attention towards the need for a clear and shared definition

deep invasion of the primary tumor (with thresholds of 2 and

of advanced cSCC. However, the difficult management of

4 cm for clinical diameter and 6 mm as limit for deep inva-

advanced cSCCs requires that clinical and scientific efforts

sion) and by perineural invasion or bone erosion as parame-

should be directed to prevent the occurrence of advanced

ters of upgrade to T3 or T4a/b. However, the T2 subcategory

disease. Risk assessment is therefore particularly important

comprises a wide range of tumors, some of them associated

to identify the few cSCCs with a high risk of local recurrence

with poor prognosis [6]. The Brigham and Women’s Hospital

or metastasis among all other low-risk tumors. High-risk

(BWH) classification system for the T stage was developed

cSCC should not turn into the advanced or metastatic form

to better correlate higher tumor stages with poor outcomes,

2
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Table 1. TNM Clinical Classification for Skin Carcinoma (excluding eyelid, head and neck,
perineal, vulva and penis) According to UICC 8th Edition
T – Primary Tumor
Tx

Primary tumor cannot be identified

T0

No evidence of primary tumor

Tis

Carcinoma in situ

T1

Tumor 2 cm or less in greatest dimension

T2

Tumor > 2 cm and ≤4 cm in greatest dimension

T3

Tumor > 4 cm in greatest dimension or
minor bone erosion or
perineural invasion (clinical or radiographic involvement of named nerves without foramen or skull base invasion or transgression*) or
deep invasion (invasion beyond the subcutaneous fat or > 6 mm measured from the granular layer of adjacent
normal epidermis to the base of the tumor)

T4a

Tumor with gross cortical bone/marrow invasion

T4b

Tumor with axial skeleton invasion including foraminal involvement and/or vertebral foramen involvement
to the epidural space

Nb. In the case of multiple simultaneous tumors, the tumor with the highest T category is classified and the number of
separate tumors is indicated in parentheses, eg T2(5).
*In AJCC staging, perineural invasion is defined, above this definition, also as “tumor cells within the nerve sheath of a
nerve lying deeper than the dermis or measuring 0.1 mm or larger in caliber”
N – Regional Lymph Nodes
Nx

Regional lymph nodes cannot be assessed

N0

No regional lymph node metastasis

N1

Metastasis in a single lymph node 3 cm or less in greatest dimension

N2

Metastasis in a single ipsilateral lymph node, more than 3 cm but no more than 6 cm in greatest dimension or
in multiple ipsilateral lymph nodes none more than 6 cm in greatest dimension

N3

Metastasis in a lymph node more than 6 cm in greatest dimension

M – Distant Metastasis
M0

No distant metastasis

M1

Distant metastasis (comprising contralateral nodes)

Table 2. pTNM Pathological Classification for Skin Carcinoma (excluding eyelid, head and neck,
perineal, vulva and penis) According to UICC 8th Edition
The pT and pN categories correspond to the clinical T and N categories
pN0

Histological examination of a regional lymphadenectomy specimen will ordinarily include 6 or more lymph
nodes. If the lymph nodes are negative, but the number of ordinarily is not met, classify as pN0.

pM1

Distant metastasis microscopically confirmed.

as an effort to more accurately separate high-risk from low-

combining 2-3 risk factors and accounting for 64% of all

risk tumors [11]. In detail, this classification system identifies

SCC-related events. T3 stage includes tumors combining all

poor differentiation, perineural invasion, invasion beyond

4 risk factors, as well as those with bone invasion.

subcutaneous tissue and diameter ≥2 cm as risk factors as-

The N subcategory is differently addressed in the 2 chap-

sociated with worse prognosis and provides a quantifiable

ters of the UICC classification system (skin carcinoma of the

risk value according to the number of identified risk factors.

head/neck and carcinoma of trunk/limbs) [9]. Unlike cSCC

Thus, T2 tumors are stratified into a low-risk T2a stage (with

of trunk and limbs, cSCC of the head and neck incorporates

one of the above risk factors) with 16% of these patients

extranodal extension and laterality into its staging criteria.

accounting for all SCC-related events (recurrence, nodal

The combination of T, N, and M categories defines the

metastasis and/or death) and a high-risk T2b with tumors

stage of the tumor, with UICC and AJCC as the most wide-
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Table 3. TNM Clinical Classification for Skin Carcinoma of the Head and Neck According to
AJCC/ UICC 8th Edition
T – Primary Tumor
Tx

Primary tumor cannot be identified

T0

No evidence of primary tumor

Tis

Carcinoma in situ

T1

Tumor 2 cm or less in greatest dimension

T2

Tumor > 2 cm and ≤4 cm in greatest dimension

T3

Tumor > 4 cm in greatest dimension or
minor bone erosion or
perineural invasion (clinical or radiographic involvement of named nerves without foramen or skull base invasion or transgression*) or
deep invasion (invasion beyond the subcutaneous fat or > 6 mm measured from the granular layer of adjacent
normal epidermis to the base of the tumor)

T4a

Tumor with gross cortical bone/marrow invasion

T4b

Tumor with skull base or axial skeleton invasion including foraminal involvement and/or vertebral foramen
involvement to the epidural space

Nb. In the case of multiple simultaneous tumors, the tumor with the highest T category is classified and the number of
separate tumors is indicated in parentheses, eg T2(5).
* In AJCC staging, perineural invasion is defined, above this definition, also as “tumor cells within the nerve sheath of a
nerve lying deeper than the dermis or measuring 0.1 mm or larger in caliber”
N – Regional Lymph Nodes
N0

No regional lymph node metastasis

N1

Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension without extranodal extension

N2a

Metastasis in a single ipsilateral lymph node, more than 3 cm but no more than 6 cm in greatest dimension
without extranodal extension

N2b

Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension without extranodal extension

N2c

Metastasis in bilateral or controlateral lymph nodes, none more than 6 cm in greatest dimension, without extranodal extension

N3a

Metastasis in a lymph node more than 6 cm in greatest dimension without extranodal extension

N3b

Metastasis in a single or multiple lymph nodes with clinical extranodal extension (defined as the presence of
skin involvement or soft tissue invasion with deep fixation/tethering to underlying muscle or adjacent structures or clinical signs of nerve involvement)

M – Distant Metastasis
M0

No distant metastasis

M1

Distant metastasis (comprising contralateral nodes)

spread and used staging systems (Table 5). Noteworthy, stage

Prognostic Factors in cSCC

III in both UICC and AJCC staging systems includes cSCC,

Among the most authoritative guidelines for diagnosis

with or without nodal involvement, and stage IV includes

and management of cSCC, EADO [12] and NCCN [13]

cases with or without distant metastasis. These classifications

guidelines, address the differentiation of high-risk from

seem to equate patients with advanced disease but with dif-

low-risk tumors (Table 6) (Figure 1). Prognostic high-risk

ferent characteristics. Likewise, both UICC and AJCC staging

factors proposed by EADO include tumor diameter (>2 cm),

systems do not encompass all the potential risk factors for

location on temple/ear/lip/area, thickness (>6 mm), or inva-

a worse prognosis of cSCC (eg location and differentiation)

sion beyond subcutaneous fat, poor grade of differentiation,

whereas a combination of prognostic factors should better

desmoplasia, microscopic, symptomatic, or radiological

guide management of cSCC in the multidisciplinary board.

perineural invasion, bone erosion, and immunosuppression.
NCCN guidelines add as prognostic factors positive borders,

4
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Table 4. pTNM Pathological Classification for Skin Carcinoma of the Head and Neck according to
UICC 8th Edition
The pT categories correspond to the clinical T categories
pN – Regional Lymph Nodes
Histological examination of a selective neck dissection specimen will ordinarily include 10 or more lymph nodes.
Histological examination of a radical or modified radical dissection specimen will ordinarily include 15 or more lymph
nodes.
pNx

Regional lymph nodes cannot be assessed

pN0

No regional lymph node metastasis

pN1

Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension without extranodal extension

pN2a

Metastasis in a single ipsilateral lymph node, less than 3 cm in greatest dimension with extranodal extension,
or more than 3 cm but not more than 6 cm in greatest dimension without extranodal extension

pN2b

Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension, without extranodal extension

pN2c

Metastasis in bilateral or controlateral lymph nodes, none more than 6 cm in greatest dimension, without extranodal extension

pN3a

Metastasis in a lymph node more than 6 cm in greatest dimension without extranodal extension

pN3b

Metastasis in a lymph node more than 3 cm in greatest dimension with extranodal extension or multiple ipsilateral, or any contralateral or bilateral node(s) with extranodal extension

pM – Distant Metastasis
pM1

Distant metastasis microscopically confirmed

Table 5. Staging System for Both Skin
Carcinoma (excluding eyelid, head and neck,
perineal, vulva and penis) and Skin Carcinoma
of the Head and Neck According to AJCC/
UICC 8th Edition

A meta-analysis that included 36 studies and 17,248 patients

Stage 0

Tis

N0

M0

(DFS) becomes smaller [15][16].

Stage I

T1

N0

M0

Stage II

T2

N0

M0

Stage III

T3

N0

M0

T1, T2, T3

N1

M0

T1, T2, T3

N2, N3

M0

T4

Any N

M0

Any T

Any N

M1

Stage IVA
Stage IVB

set at 4 cm the most specific cutoff for determining the risk
associated with tumor size [14]. Other studies have confirmed
worse outcomes in T2 than in T1 tumors, but revealed that
beyond the 2 cm cut-off, the effect on disease free survival
Location. cSCC of the ear, temples and lips are associated with higher risk of recurrence and metastasis compared
to other body regions. The risk of nodal metastasis is 5-fold
greater for cSCCs on the vermilion lip compared with those
on the cutaneous lip. The absence of subcutaneous fat in
the vermilion lip might allow quicker tumor access to the
rich lymphovascular space of muscle leading to a greater
metastatic potential [17] . Also, hands, feet, pretibial and
anogenital area are considered location at risk independent
of the size.

primary vs recurrent, growth rate, site of prior radiotherapy,

Depth of invasion. Concerning thickness, the cut-off to

lymphatic, or vascular involvement and, very recently, sub-

differentiate low-risk versus high-risk cSCC has been set at

classified cSCC into high-risk and very high-risk. Any high-

6 mm, and it is unanimously reported by all the available

risk factor places the patient in the high-risk category.

staging systems, guidelines and meta-analyses [13,14,18]

Risk factors associated with poor prognosis in cSCC can

When the depth of cSCC is reported as tumor invasion level,

be classified as intrinsic (tumor-related) and extrinsic (patient-

referring to the deepest tissue plan involved, the considered

and physician-related) [6].

cut-off is the invasion beyond subcutaneous fat. Bone invasion is mentioned in many guidelines as an independent prog-

Tumor-Related Prognostic Factors

nostic factor, as its presence upgrades to T3 (minor erosion)

Size. Tumor diameter > 2 cm is the risk factor most as-

or T4 (gross invasion) according to the AJCC 8th ed. staging

sociated with disease-specific death, with a 3-fold greater

system. However, it is comprised, by definition, in the tumor

risk of recurrence and a 6-fold greater risk of metastasis [8].

invasion level.
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Table 6. Prognostic Factors in cSCC According to the EADO and NCCN Guidelines. Definition of
High-Risk Patients (and very high-risk patients in the NCCN classification)
EADO

NCCN

> 2 cm

High-risk: > 2 and < 4 cm
Very high-risk: > 4 cm

Intrinsic factors
Size
Location

Temple, ear, lip

Head, neck, hands, feet, pretibial, anogenital area

Depth of invasion

> 6 mm or beyond fat tissue

> 6 mm or beyond fat tissue

Perineural invasion

Microscopic, symptomatic
or radiological

High-risk: +
Very high-risk: Tumor cell within the nerve sheath of a nerve
lying deeper than the dermis or measuring ≥ 0.1 mm

Degree of differentiation

Poor differentiation

Poor differentiation

Desmoplasia

+

Very high-risk: +
Other subtypes for high-risk: Acantholytic, adenosquamous,
metaplastic

Growth rate

-

+ Rapidly growing tumor

Bone erosion

+

-

Borders

-

+ poorly defined

Lymphatic or vascular
involvement

-

High-risk: Very high-risk: +

Primary vs recurrent

-

Recurrent

Prior radiotherapy

-

+

Immunosuppression

+

+

Extrinsic factors

Perineural invasion. The impact of perineural invasion

cells and large amounts of extracellular stroma and often by

as risk factor for negative outcomes is the most well char-

perineural and perivascular invasion. Recurrence rate and

acterized. Many single institution reviews report a strong

metastatic potential are 10-fold and 6-fold higher than other

association with disease recurrence [15,17,19,20] and the

cSCC variants, respectively [23].

meta-analysis by Thompson et al [14] confirmed a statisti-

Growth rate. It has been observed that a growth rate >

cally significant association with disease-specific death and

4 mm/month in the long axis of the tumor is associated with

disease recurrence, with a risk ratio of 4.3 for disease recur-

poor prognosis and a greater risk of lymph node metastasis

rence. Thus, the AJCC 8th ed. upstages thin cSCCs to T3 if a

[24]. However, only NCCN guidelines identify rapidly grow-

nerve greater than 0.1 mm in caliber is involved [18].

ing tumor among risk groups for local recurrence, metasta-

Poor differentiation. The histologic grading system pro-

ses, or death from disease [13].

posed by Broder in 1921 identifies 4 grades of differentiation according to the percentage of well-differentiated cells

Extrinsic Prognostic Factors (Patient- and Physician-

in the tumor tissue (Grade 1: 75% of well-differentiated

Related)

cells; Grade 2: 50% of well-differentiated cells; Grade 3:

The role of extrinsic risk factors is more difficult to ana-

25% to 50% of well-differentiated cells; Grade 4: <25% of

lyze, as features such as patient’s request to limit the extent of

well-differentiated cells) [21]. Tumors are also classified into

surgery or physician’s expertise in the treatment are impos-

well-differentiated, moderately-differentiated, and poorly-

sible to standardize and systematically compare. However, in

differentiated according to the presence of clear keratiniza-

clinical practice, extrinsic factors have the greatest impact on

tion, horn pearls, and other classic histologic features of

the natural history of the tumor, as they may turn an early

cSCC, or the difficulty to determine a keratinocyte lineage

tumor with clinical and histological low-risk features into

[22]. The grade of histologic differentiation is not taken into

a cSCC with a high-risk of recurrence and worse outcome,

account by the 8th edition of UICC and AJCC staging systems

namely an advanced cSCC.

but remains a high-risk factor in the BWT system, NCCN,
and EADO guidelines [6,11,13].

Positive margins and recurrent disease. EADO guidelines
do not include recurrence in the list of high-risk cSCC prog-

Desmoplasia. Desmoplastic cSCC is an aggressive his-

nostic factors as it can be considered as the result of positive

tologic variant of cSCC characterized by narrow cords of

margins. Positive margins correspond to a residual tumor,

6
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Figure 1. High-risk cutaneous squamous cell carcinoma (cSCC). (A) cSCC on the lower lip of a male aged 49, with high-risk features as location,
thickness (4 mm), poor differentiation, and perineural invasion. Despite the small size, the patient developed nodal metastasis after 6 months
from primary excision and adjuvant radiotherapy. (B) cSCC on the cheek of a female aged 77, defined as very high-risk according to NCCN
guidelines: thickness 11.0 mm, > 4 cm in diameter, poor differentiation. (C) cSCC on the forehead of a patient aged 58, at high-risk because of
poor differentiation, presence of perineural invasion, diameter > 2 cm. (D) cSCC on the nose of a patient aged 83 characterized by poor differentiation and perineural invasion.

which has potential for recurrence a priori. When initial

Comorbidities and patient’ preferences. Comorbidities

removal is incomplete, cSCC is more likely to recur, mostly

represent one of the major obstacles to surgery, which is

locally and less frequently in regional lymph nodes [6]. In

the first-line therapy of cSCC. Furthermore, in the case of

order to obtain optimal tumor clearance in cSCC < 2 cm in

high-risk tumors located on the head and neck area, primary

size, EADO suggests 5 mm clinically tumor-free margins,

excision can be often destructive, leading the patient to refuse

while in cSCC >2 cm in size suggested margins are 6-10 mm

the treatment. Patient’s request to limit extent of surgery is

[6]. However, involved borders after the initial excision often

indeed an additional, substantial risk factor.

derive from subclinical infiltration in sun-damaged skin [25].
Recurrent cSCC are twice as likely to recur after excisional
surgery when compared with primary tumors [25].

Managing Prognostic Factors - Practical Implications

Site of prior radiotherapy or chronic inflammatory pro-

Although numerous risk factors associated with worse

cess. cSCCs arising from a leg ulcer, burn scar, radiation

outcomes have been identified, there is still a gap of knowledge

dermatitis, discoid lupus, and other chronic wounds have a

on the precise risk of each factor individually. Combination

reported metastatic risk of 26% [26]. This risk factor is only

of 2 or more factors is considered to significantly increase the

listed by the NCCN guidelines.

risk of poor outcome. EADO guidelines recommend consid-

Immunosuppression. The incidence of cSCC in immuno-

ering the variations of patient- and tumor-related character-

suppressed individuals has been estimated to be 64 to 250

istics when assessing the level of overall prognostic risk [6].

times higher than in the general population. The cumulative

However, the decision still relies on the physician’ expertise

incidence of cSCC increases progressively with duration of

and opinion, as neither a nomogram nor a scoring system are

immunosuppression and tumors developed in this setting

available yet to define which cSCC would deserve adjuvant

show a more aggressive behavior [27,28].

RT or a closer follow-up program.

Review | Dermatol Pract Concept. 2021; 11(S2): e2021166S
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Adjuvant RT is offered as part of clinical practice in

which are easily diagnosed by imaging (stage III and IV ac-

many medical centers for patients with high-risk cSCC, par-

cording to AJCC /UICC 8th ed.]. Noteworthy, the 8th ed. of

ticularly for tumors with perineural invasion. However, there

AJCC/UICC staging system does not include the presence of

is still a lack of significant evidence, including randomized

in-transit metastases. The prognostic role of satellite and in

controlled trial data, showing a clear benefit of adjuvant RT

transit metastasis in cSCC has been recently investigated by

in this setting [12].

Xu et al [29] who found a significant association with worse

There is no standardized follow-up schedule for patients

overall survival.

with cSCC due to the lack of randomized controlled trials.

Locally advanced cSCC has been defined as non-met-

Patients with high-risk cSCC should be followed up every 3-6

astatic cSCC that is unlikely to be cured with surgery,

months for the first 2 years, and every 6-12 months for years

radiotherapy, or combination treatment (surgery and radio-

3-5, and annually thereafter [13]. Lymph node ultrasound

therapy) (Figure 2). However, locally advanced disease lacks

should be performed every 3-6 months in the first 2 years

consensus definition and diagnosis is made after multidis-

depending on risk stratification. Again, as the independent

ciplinary board consultation. Thus, the diagnosis of locally

prognostic effect of high-risk factors has not been consis-

advanced cSCC is influenced by the expertise of each center.

tently defined, EADO guidelines advice individual risk as-

The need for standardized definition criteria of locally ad-

sessment to guide follow-up decisions [12].

vanced cSCC is high in the clinical trial setting.

Diagnosis of Advanced Cutaneous Squamous Cell
Carcinoma

advanced cSCC patients were included if they experienced re-

In phase 2 trial of cemiplimab for advanced cSCC, locally

Advanced cSCC is classified as metastatic cSCC or locally
advanced cSCC.

currence after 2 or more surgical procedures with subsequent
unlikely curative resection, if the tumor already reached
substantial local invasion precluding complete resection, or if

Metastatic disease includes locoregional metastasis (in

surgical treatment would lead to substantial complications or

transit or to regional lymph nodes) or distant metastasis

deformity. Acceptable reasons for RT to be considered inap-

Figure 2. Locally advanced cutaneous squamous cell carcinoma (cSCC). (A) cSCC in a 83-year-old male patient, located on the right parietal
region, no previous treatment, late diagnosis. (B) cSCC in a 77-year-old male patient on the left shoulder, recurrent to surgery. (C) cSCC on
the leg of a 61-year-old immunosuppressed male, no previous treatment. (D) cSCC on the scalp of a 89-year-old male patient, recurrent after
radiotherapy.
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propriate were: previous RT with further RT exceeding the
threshold of an acceptable cumulative dose, judgment of the
radiation oncologist that the tumor was unlikely to respond
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ABSTRACT

Surgery remains the first-line therapeutic option for most patients with cutaneous squamous cell carcinoma (cSCC). However, in the current therapeutic landscape, surgery must attempt to the complete
tumor resection (R0 resection) with the lowest risk of surgical complications. This double aim is usually accomplished through standard excision with clinical margins in patients with low-risk tumors or
by some of the micrographically controlled surgery procedures for patients with tumors at high-risk
of local recurrence and metastasis. Surgery is also a first-line treatment for nodal metastases of cSCC
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as well as an option to consider in patients who develop recurrences while receiving immunotherapy,
or as a palliation procedure in patients with advanced tumors. Neoadjuvant immunotherapy, that is
the use of a medical treatment before surgery, is under investigation in patients with cSCC. The decision-making process and guidelines recommendations regarding cSCC surgery are reviewed in this
manuscript.

Surgery: Still the Front-Line Treatment for
Cutaneous Squamous Cell Carcinoma

(R0 surgery) can be accomplished through standard surgical

The therapeutic landscape for non-melanoma skin cancer

controlled surgery (MCS) (Figure 1) [2-4].

has evolved significantly in recent years. However, surgery

Standard Excision with Clinical Margins

remains the first-line therapeutic option for most patients
with non-melanoma skin cancer, which includes basal cell
carcinoma and cutaneous squamous cell carcinoma (cSCC)
[1,2]. Although no clinical trial or systematic reviews have
addressed the effectiveness of surgery for cSCC, most primary
tumors can be safely approached through surgical excision
[2]. Surgical excision offers high-cure rates and long-term
control of primary cSCC and is indeed the treatment of choice
for most patients with cSCC, as also recommended by international guidelines [2-4,6].
Given the leading role of surgery for cSCC and the
need for individualized approaches for patients, this article
addresses the surgical issues that are under debate in the literature and in multidisciplinary tumor boards.

resection with clinical margins, or through micrographically

Standard excision with clinical margins and a postoperative
pathological evaluation of the margins are recommended for
primary cSCC without high-risk features and for patients with
high-risk tumors who are not suitable for or cannot access
MCS [3, 4, 7]. In general, retrospective analyses, prospective
observational studies and pooled analysis of observational
studies on standard surgery with clinical margins of head
and neck cSCC, have reported 5-year recurrence-free survival
rates above 90% and recurrence rates below 6% [8, 9].
The appropriate clinical margins to be applied have been
explored in various studies assessing the cure rates of a variety
of margin thresholds based on tumor risk features. Accordingly, 95% of tumors < 2 cm with well-defined borders have
been reported to be successfully managed with 4 mm clinical
margins, whereas tumors > 2 cm require clinical margins of at

What is Appropriate Surgical Excision?
Aims of cSCC Surgery and Appropriate Surgery for
Primary Tumors

least 6 mm to achieve histologically clear margins in 95% of

R0 surgery, that is the clinical and complete microscopic

the tumor the higher the number of tumor risk factors (eg,

resection of the tumor, is the main goal of oncologic surgery.

poor differentiation, high-risk location, perineural invasion),

With the current availability of non-surgical therapeutic

and the wider the clinical margin to be applied.

cases [4]. If additional high-risk features are present, the clinical margins can increase up to 9 mm. In general, the larger

options for cancer, however, this goal should be adapted based

The European Association of Dermato-Oncology (EADO)

on the oncologic effectiveness and the patient’s acceptance

guidelines recommend clinical margins of 5 mm for low-risk

in terms of morbidity. Thus, appropriate surgery for cSCC

cSCC and 6–10 mm for those tumors with accepted high-risk

has the objective to achieve R0 resection but also to preserve

features, provided that MCS is unsuitable or unavailable [3].

function and quality of life as much as possible [5]. If all

The National Comprehensive Center Networks guidelines

these criteria cannot be met via surgical procedure, alternative

recommend 4–6-mm clinical margins and postoperative mar-

therapies, such as radiation therapy and systemic therapy,

gin assessment for low-risk tumors, whereas wider margins

should be considered.

are preferred for high-risk tumors. However, these guidelines

Decisions on the most appropriate surgery for cSCC

do not specify the clinical margins to be applied for high-risk

should start with a comprehensive assessment of the tumor’s

tumors due to the variability that these tumors encompass

clinical and pathological features. These tumor features, in

and therefore recommend individualized margins adapted

addition to other patient-related characteristics, provide

to tumor and patient-related factors [11]. Table 2 shows a

information on the risk of local recurrence and metastasis,

summary of these recommendations.

helping to classify tumors into low-risk and high-risk groups
(Table 1) (Figure 1) [2,4,6].

In contrast to lateral clinical margins, the current guidelines offer no concrete recommendations for managing deep

The optimal surgical procedure for patients with cSCC

margins beyond including the subcutaneous tissue while

will fit the tumor’s risk profile, and the therapeutic goals

sparing the perichondrium or periosteum, provided that there

2
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PATIENT WITH CUTANEOUS
SQUAMOUS CELL CARCINOMA
• PATIENT SUITABLE FOR SURGERY1.
• TUMOR RESECTABLE AND AMENABLE
TO R0 RESECTION.
• SURGICAL PROCEDURE ACCEPTABLE
BY THE PATIENT.

YES

LOW-RISK TUMOR2
R0 RESECTION SUITABLE FOR
RECONSTRUCTION THROUGH
LINEAR CLOSURE, SECOND
INTENTION, GRAFTING

NO

CONSIDER NONSURGICAL OPTIONS
•
•
•
•

NO

STAGING

HIGH-RISK TUMOR2

• CT-SCAN OR MRI, FOR
LOCAL ASSESSMENT
(DEEP, PERINEURAL, OR
VASCULAR INVASION).
CT-SCAN PREFERRED FOR
SUSPICION OF BONE
INVASION. MRI
PREFERRED FOR
SUSPICION OF
PERINEURAL INVASION.
• CT-SCAN AND
REGIONAL ULTRASOUND
FOR REGIONAL LYMPH
ASSESSMENT.
• CT-SCAN OR PETSCAN IF SUSPICION OF
EXTENSIVE OR AT
DISTANCE DISEASE.

SURGICAL DEFECT EXPECTED TO REQUIRE A FLAP
MCS TECHNIQUES NOT AVAILABLE

YES
STANDARD RESECTION
WITH 4-6MM CLINICAL
MARGINS

STANDARD RESECTION
WITH 10 MM CLINICAL
MARGINS

MICROGRAPHICALLY
CONTROLLED SURGERY
(MCS)3

COMPLETE
RESECTION (R0)

INCOMPLETE
RESECTION (R1)4

RADIATION THERAPY
CEMIPLIMAB
CLINICAL TRIALS
OTHERS

• CONSIDER ADJUVANT RTIF
MICROSCOPIC OR CLINICAL
PERINEURAL INVASION

RE-EXCISION

CONSIDER RT INNONSURGICAL CANDIDATES

FOLLOW-UP

Figure 1. Decision algorithm for the surgical management of patients with primary cutaneous squamous cell
carcinoma. (A) ECOG-PS 0-2, acceptable overall condition, lack of non-controlled major cardiovascular or
hematologic morbidities. (B) Assessment of accepted high-risk criterion (Table 1). (C) Micrographically controlled surgery always preferred as first option in high-risk tumors. Intraoperative frozen-section assessment
or paraffin-embedded sections with delayed closure techniques based on tumor-, patient-related features, and
availability of the procedures. (D) For definition of incomplete resection see the text.

Table 1. Clinical and Pathological Criteria for the Definition of Cutaneous Squamous Cell
Carcinoma at High-Risk of Recurrence

EADO Guidelines [6]

•
•
•
•
•
•
•
•

Tumor diameter > 20 mm
Localization on temple, ear, lip area
Thickness > 6 mm or invasion beyond subcutaneous fat
Poor grade of differentiation
Desmoplasia
Microscopic, symptomatic, or radiological perineural invasion
Bone erosion
Immunosuppression

•
•
•
•
•
•
•
•
•
NCCN Guidelines [4]

Size 2 cm to < 4 cm on the trunk, extremities
Head, neck, hands, feet, pretibial, and anogenital (any size)
Poorly defined
Recurrent tumor
Immunosuppression
Site of prior radiation therapy or chronic inflammatory process
Rapidly growing tumor
Neurologic symptoms
Histologic features: Acantholytic (adenoid), adenosquamous (showing mucin production),
or metaplastic (carcinosarcomatous) subtype
• Perineural involvement
•
•
•
•
•
•

Very high-risk:
≥ 4 cm (any location)
Poor differentiation
> 6 mm or invasion beyond subcutaneous fat
Desmoplastic SCC
Tumor cells within the nerve sheath of a nerve lying deeper than the dermis or measuring
≥ 0.1 mm
• Lymphatic or vascular involvement
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Table 2. Guidelines Recommendations Concerning Surgery of Primary Cutaneous Squamous Cell
Carcinoma (cSCC) Patients

EADO Guidelines [3, 6]

• Low-risk cSCC should be excised with a clinical safety margin of 5 mm.
• High-risk cSCC should be excised with a clinical safety margin of 6-10 mm or by MMS/
MCS. This margin should fall within the 6- to 10 -mm range and be based on individual risk
assessment and a constellation of tumor- and patient-related characteristics.
• As long as an R0 resection is not histologically confirmed, wound closure with local tissue
movements (flaps) should be avoided.
• In case of positive margins, a re-excision shall be done, for operable cases.
Low-risk cSCC:
• Standard excision with 4- to 6-mm clinical margins and postoperative margin assessment
and second intention healing, linear repair, or skin graft.
• Closures like adjacent tissue transfers, in which significant tissue rearrangement occurs, are
best performed after clear margins are verified
• Positive margins: Mohs micrographic surgery (MMS) or other forms of CCPDMA. Standard
re-excision if clinically feasible.
• Negative margins: follow-up.

NCCN Guidelines [4]

High-risk or very-high-risk cSCC:
• MMS or other forms of CCPDMA (preferred for very high risk).
• Standard excision with wider surgical margins and postoperative margin assessment and
linear or delayed repair. Due to the wide variability of clinical characteristics that may define
a high-risk tumor, it is not feasible to recommend a defined margin for standard excision of
high-risk CSCC.
• Positive margins: Re-resect, MMS or other forms of CCPDMA, if feasible.
• Negative margins: If extensive perineural, large, or named nerve involvement, or if other
high-risk features consider adjuvant radiation therapy.

MMS=Mohs micrographic surgery; MCS= micrographically controlled surgery; CCPDMA=complete circumferential
peripheral and deep margin assessment.
is no clinical involvement of the aforementioned structures.

Mohs micrographic surgery (MMS) was the first tech-

[3]. This recommendation applies to ear cSCC. If the peri-

nique developed to meet the aims of ensuring complete tumor

chondrium is not clinically involved, the structure should be

removal and avoiding the unnecessary excision of healthy tis-

kept untouched, representing the deepest margin of resection.

sue [13]. Since its introduction, MMS has been considered the

Subcutaneous tissue should be resected, particularly when

first-line surgical procedure for locally invasive, high-risk skin

dealing with ear and scalp tumors, up to the periosteum or

cancers’ removal. MMS is especially useful when maximal

perichondrium level, sparing these structures if not clinically

preservation of unaffected tissue is essential. Classic MMS

involved. However, a recent study analyzing the rate of

is a day surgery procedure performed under local anesthesia

incomplete excision in cSCC showed that residual disease

and involves the following steps: mapping the procedure,

was located at the depth of the surgical specimen rather than

debulking the primary tumor, tissue layers’ excision, frozen

in the lateral resection margins [7]. In this study, the overall

section processing and analysis, re-excisions of further tissue

incomplete excision rate was 7.6%, with 94% of incomplete

from involved areas, and reconstruction of the surgical defect.

excisions involving the deep margin. These results led the

The most common cancers treated with MMS are basal cell

authors to suggest that if intraoperative frozen sections are

carcinoma and cSCC, although MMS is also employed to

not performed, superior deep clearance can be achieved by

remove other skin cancers such as dermatofibrosarcoma

excising an extra deep fascial plane of tissue, even in the

protuberans, Merkel cell carcinoma, and lentigo maligna.

presence of a macroscopically clear deep plane [7].

Micrographically Controlled Surgery
Micrographically controlled surgery (MCS) involves the
intraoperative examination of the tumor’s resection borders
through frozen sections. This is done to confirm, the tumor’s
complete removal, prior to the incision closure [12]. MCS also
avoids the unnecessary removal of uninvolved tissue, which is
important for tumors located in critical anatomical sites [3,12]

4

With respect to cSCC, a prospective multicenter case
series showed a 5-year recurrence rate after MMS of 3.9%.
The recurrence rate was 2.6% in patients with primary SCC
and 5.9% for patients with previously recurrent SCC (P <
0.001). In view of this low 5-year recurrence rate, the authors
emphasized the importance of margin-controlled excision for
SCC. A recent retrospective cohort study of patients with a
SCC treated with MMS or standard excision also showed an
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8% recurrence risk after standard excision, higher than the

body locations [20]. Head-and-neck locations, tumor depth

3% after MMS, and a higher cumulative incidence of recur-

and size, invasive growth, and re-excision were indicated as

rence for standard excision than for MMS during the entire

the risk factors for incomplete excision [20]. Another study

follow-up period. Carcinomas treated with MMS were at a

identified perineural invasion due to subclinical spread below

3-fold lower risk of recurrence than those treated with stan-

and beyond the cutaneous margin as a predictor of incom-

dard excision when adjusted for tumor size and deep tumor

plete resection [19].

invasion (adjusted hazard ratio (HR) 0.31, 95% confidence
interval 0.12–0.66) [13, 14, 15].

The need for re-excision of incompletely excised non-melanoma skin cancers has been a matter of debate. Incomplete

In cSCC, however, tumor extensions can be better assessed

excision of cSCC leads to an increased risk of local recur-

in paraffin sections, and there is the likelihood of false-neg-

rence, deep subclinical progression, and metastasis, prompt-

ative results in frozen sections. Paraffin-embedded section

ing current guidelines to recommend re-excision of those

assessment with deferred closure has therefore been favored

cSCCs with positive resection margins, particularly with deep

for patients with high-risk cSCC, using techniques that allow

margin involvement, except for patients unwilling or unfit

for complete circumferential peripheral and deep circumfer-

to undergo another surgical procedure [3,4]. Re-excision

ential margin assessment (CCPDMA or 3D surgery) [4, 12,

of incompletely resected tumors often yields clean margins.

16, 17]. These procedures are also particularly appropriate

Re-excision specimen might however not contain tumor

for patients with tumors requiring general anesthesia. Table 2

cells and still, there is evidence for up to 5% of patients with

provides a summary of the recommendations for MMS and

negative re-excisions who developed local recurrence [18-20].

other MCS, CCPDMA and 3D surgery for cSCC.

Surgical Defect Reconstruction
Another essential issue after conventional cSCC surgery
is the reconstruction procedure. Appropriate closure after
cSCC resection provides proper tissue coverage of the surgical defect, restores the function and cosmetic appearance
of the anatomical region, and allows for early detection of
potential local recurrence. These are particularly relevant
issues for tumors removed through conventional surgery
with clinical margins, a procedure that, as mentioned, cannot
ensure the complete removal of the tumor. Consequently, any
reconstruction technique that involves tissue movement or
rearrangement, particularly rotation, or that provides thick
coverage of the surgical defects should be avoided if clear
resection margins are not histologically confirmed [3]. After
standard surgery with clinical margin resection and linear
closure, second intention healing and thin skin grafting are
the preferred closure procedures [3,4]. If local flaps or more
complex reconstruction techniques are expected, an intraoperative surgical margin assessment is essential (Table 2).

When Primary cSCC Surgery Fails
Management of R1 Tumor resection

Due to the methodological issues related to the heterogeneous concept of incomplete excisions, the rate of residual
tumor cells in re-excision specimens ranges from 29% to
100% [19, 20]. Additionally, there is evidence of a lower
degree of differentiation in re-excision histology reports
compared to the primary excision specimen [19].
As with primary surgery, cSCC should also be adapted to
the tumor’s risk profile. Regardless of the tumor’s risk, however, an MCS procedure with frozen or permanent sections
is preferred as the surgical option for incompletely resected
cSCC. If not available or if the patient is unsuitable, patients
with low-risk tumors can be managed through standard
re-excision with postoperative margin assessment. Appropriate clinical margins for these re-excisions have not been
defined but should be based on the extension of the primary
specimen’s margin involvement, after considering tissue
shrinkage during the process [3,4]. Patients with incompletely
resected high-risk tumors should always undergo an intraoperative or delayed MCS procedure (Table 2).

Surgery Beyond Primary cSCC
Surgical Management of Lymph Node Metastasis of
cSCC
In patients with cSCC, regional nodal disease represents a

Standard resection with clinical margins and postoperative

major event in up to 4% and 6% of patients overall, a rate

microscopic control of the margins entails the major risk of

that increases if the primary tumor is at high risk and is in

incomplete resection. Depending on the study, incomplete

an advanced stage [21, 22]. However, the survival of patients

excision (R1 resection) has been defined for the standard verti-

with nodal metastases is not necessarily poor. Five-year

cal bread-loaf technique as follows: the presence of tumor cells

disease-specific survival for patients with low-burden single

at the surgical lateral or deep margin, the presence of residual

nodal metastasis (stage I) is approximately 90%, a survival

tumor within 0.5–1 mm or “close to” the margins of the

rate that falls to 75% and 42% for patients with multiple

excised specimen, or a tumor-free margin ≤ 2 mm [14, 19, 20].

and large-burden metastases (stage II and III, respectively)

A recent systematic review showed an overall incomplete

[21]. Given that these results have been classically achieved

excision rate of 13% for cSCC on head and neck, and other

through lymph node dissections, it appears that regional
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lymph node surgery still plays a role in the routine manage-

region, lymph nodes are more often tiny and usually over-

ment of nodal regional disease.

lap each other. This makes anatomical and gammagraphic

However, most of the available literature related to nodal

inspection/identification more difficult compared with other

surgery of cSCC refers to head-and-neck tumors, with few

anatomical locations [31]. Head and neck melanomas, for

references to tumors in other body sites. There is a lack of

instance, are well known to be associated with the non-vi-

high-quality studies, randomized clinical trials, and large

sualization of sentinel lymph nodes (SLNs) on lymphoscin-

prospective cohort studies. Recommendations on managing

tigraphy, higher false negative SLNB rates, and lower SLNB

regional nodal basins are therefore mostly based on low-to-

positivity [32]. Moreover, the surgical anatomy of the neck

medium levels of evidence [3].

is challenging, and, in the case of the parotid gland where

Sentinel Lymph Node Biopsy in Patients with cSCC:
Is it Worth Performing?
To date, there have been no randomized clinical trials that
have assessed the role of sentinel lymph node biopsy (SLNB)
in patients with cSCC in terms of survival, regional control,
or any other outcome. The available evidence comes from a
number of small prospective series and systematic reviews
of retrospective studies that have reported a positive SLNB
rate of 12%–17% [23-26], rates below the rates of positive sentinel lymph nodes in patients with melanoma and
intermediate thickness tumors (16%–20%), a subgroup of
patients with melanoma for whom SLNB is the standard of

70% of head and neck SCCs drain, its relationship with
facial and accessory nerves requires a thorough analysis of
the risk-benefit balance. The literature on SLNB in patients
with melanoma has also shown that increasing age is related
to lower SLNB positivity rates, slower lymphatic drainage,
and greater surgical risk related to the poorer performance
status of elderly patients [31, 33].
For all these reasons, the currently available results, the
poor evidence, and other technical and clinical issues, the
current guidelines do not recommend SLNB as a routine
procedure for managing cSCC patients, except for clinical
trial settings (Table 3).

of survival outcomes, the reported results on the prognostic

Complete Lymph Node Dissection: An Opportunity
to Preserve

ability of SLNB for patients with cSCC are also conflicting,

When left untreated, nodal disease is necessarily progressive

with a number of studies showing improved disease-specific

and can become distressing and life-threatening for cSCC

survival in SLNB-negative patients, whereas other series have

patients. Accordingly, the guidelines definitely recommend

failed to demonstrate any survival benefit in patients without

performing therapeutic lymph node dissection as a routine

microscopic nodal disease when compared with those with

procedure in patients with nodal recurrence, detected either

positive SLNB [24, 29, 30]. SLNB eligibility for patients with

clinically or by imaging [3,4]. Evidence supporting this rec-

cSCC is usually determined by 2 additional clinical features

ommendation is not outstandingly strong, as this is based on

that frequently coincide in these patients: age and anatomical

a single prospective series, several retrospective studies, and

location. Between 75% and 90% of these tumors originate at

systematic reviews of these studies, all of which analyzed

the level of the head and neck, an anatomical location where

exclusively cutaneous head and neck tumors [35, 36].

care and a widely recommended procedure [27, 28]. In terms

surgeons faced specific challenges when compared with, for

Nevertheless, skin cancer clinics should focus their efforts

instance, trunk and limbs. Head and neck tumors usually

on the early detection of lymph node metastases for possible

have more complicated lymphatic drainage patterns, with a

surgery of low-burden metastatic disease, with the expect-

high frequency of bilateral and contralateral drainage. In this

edly lower surgical morbidity. Close follow-up of regional

Table 3. Guidelines Recommendations Concerning Lymph Node Surgery of Cutaneous Squamous
Cell Carcinoma (cSCC) Patients

EADO Guidelines [3,6]

• SLNB is currently not recommended in the management of cSCC outside of the setting of
clinical trials.
• A regional therapeutic lymph node dissection should be performed in clinically or
radiologically detected lymph node metastasis that is confirmed with cytology or biopsy.
• The extent of surgical resection is determined by the surgeon in collaboration with the
interdisciplinary tumour board.

NCCN Guidelines [4]

• Discuss and consider SLNB for patients with very-high-risk cSCCs that are recurrent or have
multiple risk factors placing them in very-high-risk group and have normal exam of draining
nodal basin.
• Palpable regional lymph node(s) or abnormal lymph nodes identified by imaging studies:
Lymph node dissection in operable disease.

SLNB=sentinel lymph node biopsy.
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basins using ultrasound has gained interest as a routine

feature. This also applies to patients with low or intermediate

imaging procedure for the early detection of nodal metastasis

nodal burden, non-fixed or with no muscles or major vessel

(Figure 2-3) [4].

invasion, although these features should unfailingly lead to

Another issue for patients with nodal metastasis is the

radical and complete neck dissection. To date, there are still

appropriate extent of the dissection. Patients with cSCC and

no studies on selective groin or axillary dissections in patients

nodal involvement have usually undergone complete radical

with cSCC.

lymph node dissections of the involved regional basin, which

In any case, the extent of lymph node dissections should

involves the 3 levels of the axillar basin, the superficial and

be discussed and determined by the surgical team in the

deep groin nodes, and the 5 levels of the neck. Additionally,

context of an interdisciplinary tumor board and after a thor-

complete dissections in the neck are often completed with

ough assessment of tumor-related (aggressiveness, involved

superficial parotidectomy if the parotid gland is affected.

regional basin, tumor burden, etc.), surgical (potential com-

However, over the last decade, a trend towards the con-

plications, morbidity, etc.), and patient-related features (over-

sideration and offer of less extensive and more selective

all condition, performance status, preferences, expectations,

lymph node dissections has developed, with cSCC patients.

etc.). Table 3 shows a summary of the recommendations for

The few available studies on selective neck dissections have

the surgical management of lymph node regions.

shown regional control and survival rates of 85%–100%,

neck dissection appears to provide an oncologically effective

When Not to Operate. The Limits of Surgery for
Patients with cSCC in 2021
Surgery for Patients with Advanced cSCC

and safe surgical procedure for those patients with clinically

In line with the famous quote “the best surgeons are those

positive nodes in the neck and with no other high-risk clinical

who know when not to operate”, major and radical proce-

rates similar to those reported for conventional radical and
modified radical neck dissections [37, 38]. Thus, selective

dures causing major anatomic mutilation or physical disfiguration, in an attempt to achieve oncological results, should
no longer be first-line options for cSCC patients [39]. Thus, if

Figure 2. Lymph node metastasis of cutaneous squamous cell carcinoma on the right arm. (A) Regional ultrasound shows a 17 mm hypoecoic structure also identified in the PET-CT scan. (B) The patient
undewent right axillary lymph node dissection.

Review | Dermatol Pract Concept. 2021; 11(S2):e2021167S

Figure 3. Lymph node metastasis of cutaneous squamous cell carcinoma from a primary tumor on the right sole. (A) CT-scan shows
a well defined 20 mm nodule on the right superficial groin (white
asterisk). (B) Regional ultrasound showed an anecoic rounded structure. The patient underwent a groin lymph node dissection.
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resection unfailingly entails a major anatomical defect, or
a functional or cosmetic impairment that is unbearable for
the patient (Figure 4). These clinical contexts usually present
in patients with additional conditions, favoring the tumor
growth over long periods before seeking the needed care
(neglected patients, lack of caregivers, etc.), or render patients
more prone to aggressive invasion due to immunosuppression (organ recipients, lymphoproliferative conditions, etc.),
genetic disorders (ie xeroderma pigmentosum), or local
factors (ie previous radiation therapy and burns) (Figure 5).
Considering the current therapeutic landscape, the presence of these criteria for advanced cSCC should be accepted
Figure 4. Advanced cutaneous squamous cell carcinoma (cSCC). A
70-year old man with unresectable lymph node metastasis on the
groin from a previously resected high-risk cSCC arising on a previously radiated area on the left heel.

as the real limit for surgery as front-line therapy for patients
with cSCC. Accordingly, the current recommendations on
these clinical settings indicate radiation therapy, systemic
therapy with the recently approved anti-PD1 antibody cemiplimab, and clinical trials as first-line therapeutic options for

there is a clinical situation in which the role of surgery needs
to be revisited, such as for other skin cancer types, it is that
of patients with advanced disease.

patients with advanced cSCC [3,4].
However, there are still 3 situations for patients with
advanced cSCC in which surgery is likely to play a significant

Advanced cSCC usually encompasses the following 2

role. The first is when the patients are undergoing immu-

clinical contexts: 1) unresectable primary, recurrent, or met-

notherapy or other systemic therapies and develop further

astatic tumors due to a large tumor burden, invasion of major

resectable recurrences. Determining the appropriate therapy

vessels, neural or bone underlying structures hampering R0

for those cancers for which immunotherapy is available

resection, and 2) tumors or metastasis for which complete

should be a dynamic process far from the classical binary

Figure 5. Advanced cutaneous squamous cell carcinoma (cSCC). (A) A 32-year old man with dystrophic epidermolysis bullosa who developed an unresectable cSCC over a chronic wound on the left hand stump. The patient underwent amputation. (B) A 50-year old man with
polyomelitys who developed an unresectable cSCC over a chronic ulcer on the right sole. The patient refused radiation therapy and systemic
immunotherapy and a lower leg transtibilial amputation was carried out. (C) A 70 year-old woman who developed a neglected 10-year history ulcer on the right leg tha was considered unresectable. Radiation therapy achieved partial response and knee disarticulation had to be
performed. (D) A 70-year old man immunosuppresed due to kidney grafting who developed fast-growing ulcer on the right hand. Systemic
immunotherapy and radiation therapy did not achieved clinical response and consequently the patient underwent major amputation.
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approach based on deciding between surgery versus chemotherapy. The experience gained with other tumor types treated

Conclusions

effectively with immunotherapy (eg malignant melanoma)

Appropriate surgery for patients with cSCC represents a chal-

provides insight into the capability of surgery to completely

lenge in terms of oncological outcomes, postoperative func-

remove recurrences (mainly regional), while keeping distal

tion, and quality of life. Successfully accomplishing this task is

disease under control through systemic immunotherapy.

not just a matter of surgeon expertise or technical procedural

Although a survival benefit is not expected from surgery for

aspects. Oncologically successful surgery for patients with

these patients with recurrent disease, it might help the patients

cSCC requires timeliness, proper surgical procedures based

restore impaired function and quality of life.

on guidelines and tailored to the patient’s clinical condition

The second situation is when surgery may be considered
in the palliative setting, although as a last resort. Major resec-

and the tumor’s particular features and, above all, requires to
be acceptable to the patient.

tions, including major limb amputations, might be acceptable

Skin cancer clinics and multidisciplinary tumor boards

and are still performed from time to time on patients with

should strive to meet the requirements for cSCC proper sur-

untreatable and unbearable pain and unmanageable bleeding.

gery procedures. If the criteria are met, surgery coupled with

The only aim of surgery in this clinical situation is to reduce

the recent breakthroughs in systemic immunotherapy is likely

the symptoms. Surgery should therefore not be offered if

to offer patients with cSCC the best standard of management,

these symptoms can be controlled through other non-surgical

proving longer survival and greater quality of life.

options. However, in the case on minor amputations (ie finger
or toe amputations) this radical surgical approach may leave
the patient free of disease, providing long recurrence-free and
overall survival.
Finally, the use of systemic immunotherapy in an attempt
to reduce tumoral burden, thereby allowing for a less extensive surgery (neoadjuvant therapy), is being assessed in ongoing clinical trials on advanced cSCC. A recently published
phase II pilot trial of neoadjuvant immunotherapy with
cemiplimab has shown pathologically complete responses
in 70% of the patients [40]. Although these results were
obtained from patients with advanced but resectable tumors,
it can be hypothesized that the same neoadjuvant approach
can be applied to borderline resectable or even unresectable
advanced cSCC in the future.

Improving the Results of Surgery
Adjuvant Radiation Therapy for Primary and
Metastatic cSCC
The risk of residual disease after inadequate or incomplete surgery of high-risk primary tumors and lymph node
metastases is usually managed through adjuvant radiation
therapy. The benefits and indications of adjuvant radiation
therapy for patients with cSCC is beyond the scope of this
article. For patients with primary or nodal metastasis with
high-risk features, however, surgery may be maintained or
enhanced by postoperative radiation therapy. Therefore, for
those patients with incompletely resected primary high-risk
cSCC and those with completely excised but aggressive
nodal metastasis (eg large burden, extracapsular extension), or incompletely excised involved nodes that are not
suitable for further surgery, radiation therapy should be
discussed and offered [3,4]. This essential part of cSCC
management will be comprehensively addressed elsewhere
in this monograph.
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ABSTRACT

Introduction: The use of radiotherapy for cutaneous squamous cell carcinoma (CSCC) has solid
historical roots. It is used with patients who are not suitable for surgery, with patients with high-risk
histological features in the adjuvant setting, and in palliative care.
Objectives: The aim of this article is to summarize and provide a radiation therapy overview on the
indications, effectiveness, and potential adverse events of radiotherapy in the adjuvant and advanced
setting of CSCC.
Methods: We performed a comprehensive literature review on PubMed, adopted as our biomedical literature database. Articles were selected based on their date of publication (in the last 30 years) and relevance.
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Results: Radiotherapy (RT) can safely be used to manage non-surgical patients and high-risk patients
in the advanced CSCC setting. The remarkable progress of delivery techniques has greatly improved
the effectiveness and toxicity profile of RT treatments. From 2D techniques to intensity modulated
radiation therapy (IMRT), and brachytherapy, all RT techniques have greatly advanced. To improve
acute and chronic side effects, a deeper care has been used. As regards CSCC, several dose fractionations and schedules have been suggested, in line with the patient’s age and medical conditions.
Conclusions: RT is a fundamental and constantly evolving therapeutic option in the treatment of
CSCC, to minimize the risk of recurrence and metastases in the adjuvant setting and in the exclusive
treatment for non-surgical patients. Patients’ selection is crucial, together with and a collaborative
team working approach among the specialists involved in disease management in the perspective of
the best multidisciplinary assessment.

Introduction

ductive, pain-relieving) setting. RT is also a tissue-preserving

Cutaneous squamous cell carcinoma (CSCC) is the second

outcome than surgery [4].

modality that might offer a better cosmetic and functional

most common type of non-melanoma skin cancer (NMSC)

A variety of radiation therapy techniques have been used

after basal cell carcinoma (CBCC). It arises most commonly

to treat epithelial skin tumors. NMSC have historically been

in sun-exposed areas of the body and originates from kera-

among the first to be irradiated since discovery of radioac-

tinocytes in the epidermis through a carcinogenesis process

tivity. The appropriate radiation therapy technique depends

[1]. As the world’s population ages, the incidence of both

on multiple factors, including the primary tumor’s location,

types of NMSC (SCC and BCC) is dramatically increasing

the neoplasm size, the scar length (in the adjuvant setting)

and disease implications on public health are vastly underes-

which may be difficult to cover with radiation planning, the

timated in terms of morbidity and treatment costs. These costs

surrounding anatomy (presence of organs at risk that must be

are unavoidably going to rise [2]. CSCC can arise from pre-

preserved), and the presence of disease-affected lymph nodes

cancerous precursor lesions such as actinic keratosis or can

that deserve to be included in the radiation field [5]. Surface

grow de novo, in particular on chronically inflamed skin and

electrons are typically used for primary lesions or tumor

consequently more exposed to pro-carcinogenetic stimuli [3].

beds > 5 mm or deeper, because of their unique physical pen-

Invasive CSCC (histologically characterized by the pres-

etration features. Electrons are produced by modern linear

ence of infiltrating cells crossing the basement membrane)

accelerators and have a dose distribution with a peak dose

has the ability to relapse and metastasize to regional lymph

near the skin surface and a rapid dose drop beyond the target.

nodes or distant organs and, if left untreated or if inade-

This allows adequate coverage of the disease or surgical bed

quately treated, can lead to extensive tissue destruction up

and the ability to minimize side effects. Superficial X-rays, or

to massive patterns of tumour infiltration. Even though the

photons, have greater physical penetration compared with

ability of CSCC to metastasize is limited, the presence of

surface electrons and have been used to treat deep CSCC or

distant metastases in CSCC patients is associated with poor

more advanced diseases (with or without positive nodes) [6].

prognosis and a median survival of less than 2 years. For this

This article aims to summarize the effectiveness, poten-

reason, it is fundamental to perform a careful clinical and

tial adverse events, and indications of RT in the adjuvant,

surgical evaluation, that goes hand in hand with a correct

advanced, and palliative setting of CSCC, performed through

early management of all cases. Multidisciplinary management

a thorough and broad literature review.

is essential in order to guide the patient towards the best
possible treatment options [4]. The ultimate SCC treatment

When is Radiotherapy Recommended?

goals are complete removal of the tumor or, when this is not

RT is recommended as adjuvant therapy in high-risk CSCC

possible, tumor debulking, and the minimization of func-

or when surgery is excluded due to cosmetic or functional

tional and aesthetic impairment that often, for particular

reasons [6]. RT allows treatment of anatomic sites that are

anatomical areas, can be a very central issue. [1]. Surgery with

difficult to manage surgically, and to achieve a good cosmetic

adequate margins is the most common treatment option for

result. This applies in particular to the head and neck (H/N)

most CSCCs, but radiation therapy (RT) can be an effective

region. RT is also preferred for elderly patients (> 60 years)

non-surgical option in the definitive (inoperable patients),

[7]. The dose of RT can be delivered with external beams

adjuvant (high postoperative risk), and palliative (cytore-

(external beam radiation therapy (EBRT)) and by direct

2
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application using brachytherapy (BRT). EBRT is delivered

general, adjuvant radiation therapy is offered when the risk

via photon or electron beams and can be superficial or deeply

of recurrence is high or the likelihood of successful salvage

penetrating, depending on the megavoltage of the different

surgery is relatively low [11]. Risk factors to look out for in

energy sources [8]. RT can be delivered to fields of different

CSCC include male sex, recurrent disease, neoplasms located

sizes and with different complex shapes. Highly conformal

at the center of the face, poor histologic differentiation, and

RT, such as tomotherapy or volumetric modulated arc ther-

deep subclinical extension. Other high-risk factors for CSCC

apy (VMAT), allows delivery of relatively superficial RT

include tumor location (lip or ear), tumors arising from

to complex and often irregular targets, while limiting the

scarring tissues, size > 2 cm, depth > 4 mm or Clark level ≥

dose to adjacent organs at risk (OARs) [9, 10]. Radiation

IV, invasion beyond subcutaneous tissues, rapidly growing

therapy can be administered via different techniques, sev-

lesions, perineural invasion, desmoplasia, poor differentia-

eral fractionations, and total doses. The aim is to match the

tion, and infiltrative margins [14]. Adjuvant radiation therapy

tumor and spare healthy tissues from radiation. RT delivery

is recommended after extensive surgical excision with close or

has greatly improved, starting from a better visualization of

positive margins (only if the tumor cannot be re-excised) or

the target with ever-improving imaging techniques, through

in the presence of high-risk factors, including perineural inva-

precise contouring and treatment planning systems. Many

sion (PNI), invasion of bone or nerves, or in case of recurrent

quality-control checks have been added in the intra- and

disease after previous surgical excision or other medical ther-

inter-fraction assurance. The choice of the technique is cer-

apy [15]. The rate of positive margins after excision in CSCC

tainly influenced by the type of tumor, treatment setting

ranges from 5.8% to 17.6% and is influenced by the adopted

(radical, adjuvant, or palliative), tumor depth, and location of

technique [16,17]. Positive margins after surgery have been

the tumour that can be particularly unfavorable and close to

reported as prognostic in a study [18]. Indeed, CSCCs with

sensitive organs at risk. High-energy radiation therapy, deliv-

a close or positive surgical margin have an increased risk of

ered by a linear accelerator, has greater penetration capacity

local recurrence and locoregional metastasis [19]. Postoper-

and is therefore useful to treat deeper malignant tumors while

ative RT is a treatment option for tumors with margins that

largely sparing the skin. Low-energy radiation (kilovoltage

are not completely excised or cannot be completely resected.

and orthovoltage) is preferred to treat skin lesions where deep

In a study of CSCC of the lower lip that included tumors with

penetration is not necessary and skin preservation is the main

a close or positive margin, the local recurrence rate was 64%

concern [11, 12].

for tumors with positive margins that were not subsequently

RT is usually a well-tolerated treatment with specific acute

excised versus a 6% rate for those treated with postoperative

and late toxicities and documented advantages and disadvan-

RT [20]. PNI is an important risk factor because it has been

tages compared with surgery. The most striking limits of radi-

shown to be associated with a higher risk of recurrence and a

ation therapy are adverse effects and contraindications. Skin

higher incidence of lymph node metastasis [18]. PNI occurs in

reactions triggered by radiation therapy are called radiation

between 2.5% and 14% of CSCCs, usually found as an inci-

therapy-induced dermatitis or radiodermatitis. They can be

dental histologic finding. It has been linked to poor prognosis

acute (up to 6 months after the end of treatment) or delayed.

and a higher rate of metastasis and disease-specific death

They are related to the dose delivered and the anatomical

[14,21,22]. Extensive PNI is an indication for postoperative

location. Acute reactions lasts several weeks, patients may

RT according to NCCN guidelines [23]. Postoperative RT has

experience skin changes (ranging from faint erythema and

also been recommended for high-risk tumors.

desquamation to skin necrosis) and ulceration, depending on

Historically, the definition of high risk has been a matter

the severity of the reaction. Delayed reactions usually appear

of debate. Guidelines agree on the definition of high risk as a

months or years after treatment and are more common with

disease characterized by diameter > 2 cm, a thickness > 2 mm

higher treatment doses. The most common late reactions are

(and especially 6 mm), poor differentiation, ear or lip location,

hypopigmentation and hyperpigmentation, telangiectasia,

PNI, recurrence, and immunosuppression [24]. Most of the

epidermal atrophy, skin fragility, sebaceous gland atrophy,

evidence regarding the role of postoperative RT in the other

alopecia, fibrosis, necrosis, and an increased risk of certain

risk is derived from a 2009 systematic review indicating that

cancers, such as angiosarcoma. RT contraindications include

prognosis is generally excellent as long as margins are negative

young age (for CSCC is a minor concern), verrucous SCC,

and PNI is not observed, and therefore postoperative RT is not

cancer-predisposing genodermatoses, and immunodepression

necessary if no such findings occur [25]. CSCC with cranial

(essential cost-benefits analysis) [13].

nerve invasion, on the other hand, represents a possible criterion for choosing to perform postoperative RT [26]. Several

Radiotherapy in the Adjuvant Setting

RT schedules have been used for adjuvant treatment of CSCC.

The goal of adjuvant radiation therapy is to reduce the risk

Briefly, the proposed algorithm by the NCCN includes doses

of local or regional recurrence after surgical excision. In

of 60-64 Gy over 6 to 7 weeks or 50 Gy over 4 weeks [23].
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Radiotherapy in the Definitive Setting

schedules, but in patients < 50 years old RT fraction sizes of

Definitive primary RT represents a curative and alternative

2-2.5Gy are delivered over a period of 4-5 weeks, with the

treatment strategy to surgery for CSCC. RT may be consid-

aim of achieving the best long-term results (heal and cosmetic

ered as primary treatment in patients who are not candidates

outcome) [30]. When deciding on the number of fractions to

for surgery (eg locally advanced CSCC, comorbidities, or

prescribe for an appropriate course of radiotherapy, age must

refusal of surgery) or in cases where surgery is not feasible.

be considered together with the patient’s medical co-morbid-

This may occur when the surgical approach could result in

ity, performance status, and preference. In older (70-80 years

poor functional outcomes or be disfiguring, as in large CSCC

old) patients it could be useful to decrease the total duration

lesions located on the face (eg eyelids, nose, and lips) or large

of treatment using daily RT fraction sizes of 3-4Gy over a

lesions on the ear, forehead, or scalp [13]. No prospective ran-

period of 2-3 weeks (40-45Gy in 10-15 fractions). In elderly

domized trials comparing the efficacy of primary RT in local

patients (>80 years old) less frequent (1 to 3 times per week)

tumor control and patient survival compared with other local

and larger fraction sizes are recommended, such as 5-7Gy

therapy modalities are available. A mean local recurrence

in 5 to 6 fractions [31]. Hypofractionated RT delivered 2-3

rate of 6.4% was reported in a meta-analysis analyzing 1018

times a week or once weekly is a highly effective option with

CSSCs, including 14 observational RT studies [1]. Also in the

tolerable treatment-related toxicity (Figures 1 and 2). Two

exclusive setting, RT dose can be delivered as either EBRT or

recent systematic reviews of hypofractionated RT reported

BRT. EBRT can use both photons and electrons, with deeply

durable local control rates of over 90% and acceptable side

penetrating energies in the range of 4-10 MV. Treatment can

effects [32]. In a systematic review comprising 40 relevant

be administered to a small surface area (eg the nasal wing)

publications (external beam RT and brachytherapy included)

or a large complex volume (eg the entire scalp or base of the

of over 12 000 NMSC (24% SCC), local recurrence rates did

skull). The total prescribed dose and fractionation should

not exceed 7.9%. The authors concluded that hypofraction-

reflect differences in radiobiologic efficacy between radiation

ated RT does not confer no obvious disadvantage in local

modalities. Briefly, doses of 45-50 Gy in fractions of 2.5-3 Gy

control when compared with traditional more protracted

are recommended for tumors < 2 cm and doses of 60-66 Gy

RT schedules [33]. RT could have also an important role in

in fractions of 2 Gy or 50-60 Gy in fractions of 2.5 Gy for

palliative setting for bleeding tumors, to reduce disfiguring or

tumors > 2 cm [1].

symptomatic neoplasms: the most used schedules are 30 Gy

RT is an overall safe procedure, although it can be associated with both acute and late toxicities. The most frequent

in 10 daily fractions or 20 Gy in 5 fractions.

acute toxicity may consist of acute, often erosive dermatitis,

Brachytherapy

while late onset chronic depigmentation and telangiectasias

Brachytherapy for cutaneous neoplasms has solid historical

are more often seen. Moreover, RT should not be recom-

roots (with the first documented cases in 1896) [34]. Interest

mended in younger (< 60 years old) patients because chronic

in the use of brachytherapy for skin cancers has decreased

toxicity becomes more visible with age. Higher doses per

with the development of better surgical techniques such as

fraction lead to higher rates of late toxicity [27]. Therefore,

Mohs surgery, and its application in skin cancer has declined

accelerated fractionation schemes (acceleration means radiation treatment in which the total dose of radiation is given
over a shorter period of time compared to standard radiation
therapy) should be reserved for elderly and frail patients, or
when the cosmetic outcome is less important. The volume to
be irradiated in CSCCs represents the visible disease gross
tumor volume (GTV) associated with microscopic disease
and possible leakage pathways. The prescribed dose should
therefore include all visible tumors plus an appropriate variable margin (clinical target volume), sparing surrounding
healthy structures as much as possible [28,29]. Dosimetry and
technical details should be monitored by a certified radiation
oncologist, for some difficult anatomical sites there is the
risk to undertreat some CSCC. RT may be combined with
systemic therapies including chemotherapy (chemoradiation)
or cetuximab in more advanced cases (for H/N tumours). Age
is a very important issue for dose/fractionation decisions:
as mentioned above, there are multiple dose fractionation

4

Figure 1. Pre RT treatment for a CSCC.
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The American Brachytherapy Society consensus statement
does not endorse the use of electronic brachytherapy outside
of prospective clinical studies. [40].

RT Planning
The main treatment planning modality in a modern radiation therapy department is based on computed tomography. Computed tomography is used to define the clinical
target and organs at risk in photon and electron treatment
(Figures 3 and 4). Integration with MRI imaging (for increased

Figure 2. Post RT treatment for a CSCC.

significantly over the years. The introduction of the highdose-rate afterloading technique and electronic brachytherapy has renewed interest in the role of brachytherapy in
CSCC. Compared with external beam RT, high-dose-rate
brachytherapy demonstrates some advantages, such as delivery of a high dose of radiation in the clinical target volume/
planning target volume, rapid dose decrease at the periphery
of the target, optimal sparing of normal tissue in sensitive

Figure 3. Treatment electron planning for a CSCC.

structures, shorter treatment time, and use of a hypofractionated pathway. Cutaneous brachytherapy is advantageous
especially in curved surfaces and should be considered instead
of external beam radiation therapy (if surgical excision is not
possible) in areas of poor vascularization, such as the back
of the hands or feet or lower legs. It can be administered, for
example, in a superficial technique using dermal applicators
with 192iridium [35].
Interstitial brachytherapy is another option to deliver high
dose radiation rate in thicker (above 5 mm) skin lesions with
catheters to be inserted under anaesthesia directly into the
lesion or surgical bed in the adjuvant setting [36]. Electronic
brachytherapy is a new technique of RT based on a miniaturised X-ray source that allows to treat small and flat surfaced CSCC [37, 38] and has attracted considerable interest
in recent years in the management of CSCC [39]. Although
preliminary data on the use of electronic brachytherapy
in CSCC are promising, there is a lack of scientific work
designed for direct comparison with external beam RT or
radionuclide brachytherapy. Because this is a relatively new
scientific scenario, long-term follow-up data are also missing.
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Figure 4. Treatment electron planning for a CSCC.

5

reliability for soft tissue) or PET (for biological assessment of
disease) is often necessary. Radiation therapy results depend
on accurate coverage of a target volume with appropriate
margins. Margins that are too narrow can lead to local failure
and margins that are too wide can increase radiation thera-

15(7): 765–776.DOI: 10.1586/14737140.2015.1042865.PMID:
25955383.
7. Lee DA, Miller SJ. Nonmelanoma skin cancer. Facial Plast
Surg Clin North Am. 2009;17(3):309–324. DOI: 10.1016/j.
fsc.2009.04.004.PMID: 19698913.
8. Strom T, Harrison LB. Radiotherapy for management of bas-

py-related morbidity. Delineating a target volume could be
challenging, particularly in superficial and small CSCC, where
the spatial resolution of computed tomography limits the
visualization of any skin lesions. Multidisciplinary evaluation

9.

with the dermatologist (dermoscopic imaging) or surgeon
(for surgical scar margins) is essential for the assessment of
such targets [41]. In skin RT, the use of computed tomography-based planning is also linked to cases of larger and deeply

10.

invading CSCC, nodal basin RT, skin brachytherapy planning
and in select palliative settings. After the clinical target and
organs at risk delineation, a personalized plan is built up by
the certified radiation oncologist in synergy with the medical

11.

physicist, respecting the dose limits of any organ at risk to
minimize the side effects of radiation treatment.

Conclusions

12.

Radiotherapy could be an optimal therapeutic option
for CSCC. It could be used for non-surgical candidates as
exclusive therapy, in adjuvant high risk patients or to decrease

13.

pain and bleeding. Several dose schedules and techniques have
been proposed both for EBRT (External beam radiotherapy)
than for BRT (Brachytherapy). Multidisciplinary assessment

14.

is a main issue in this subset of patients.
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ABSTRACT

Cutaneous squamous cell carcinomas (cSCC) represent one of the most diagnosed non-melanoma
skin cancers and its incidence is increasing globally. Whereas early stage and low risk cSCC is typically
treated with surgery, and in some cases other localized therapeutic modalities, locally advanced or
metastatic cSCC is a cause of significant morbidity and mortality that requires a different approach to
therapy. Therapeutic attempts at treating advanced cSCC include a multi-disciplinary approach with
considerations for surgery, radiation, and systemic therapies. In this review, we will discuss the various
systemic therapies that have been trialed for advanced cSCC, beginning with the early cytotoxic and
platinum-based agents as well as their corresponding limitations. We will then review the targeted
approaches using EGFR inhibitors prior to discussing the more recent immunotherapeutics that have
shown good tumor responses in this often-lethal disease.
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Introduction

systemic agents that have been trialed for advanced cSCC,

The increasing global incidence of cutaneous squamous cell

considerations and investigations needed to optimize systemic

carcinoma (cSCC) is an emerging health crisis [1, 2]. Studies

treatment for advanced cSCC.

discuss the limitations of each agent, and highlight future

in the United Kingdom, Sweden, and Germany suggest an
incidence of cSCC between 9-96 per 100,000 males and 5-68
per 100,000 females [3-5], where Australian data reveals an
even higher incidence of 499 per 100,000 males and 291 per
100,000 females [6]. Variations in cSCC incidence may be
due to differing nosologic classifications of cSCC between
regions, which may include actinic keratoses or be limited to
only invasive disease. A population-based study by the Mayo
Clinic revealed that between 1976-1984 and 2000-2010 the
incidence of cSCC increased by 263% [7]. In addition, recent
reports show an increasing incidence of SCC relative to BCC
in the aging population [8].
The majority of early stage cSCC cases are successfully
treated by surgery. In some cases, other localized therapeutic modalities may be used [9,10]. These include topical
cytostatic therapy (5-fluorouracil), topical immunotherapy
(imiquimod), or intralesional injection (methotrexate, bleomycin). Destructive methods with cryosurgery, lasers, photodynamic therapy, radiotherapy, or curettage and electrodessication may also be used in the appropriate clinical context.
Approximately 5% of cSCC progress into advanced cSCC
[11]. Advanced cSCC is comprised of locally advanced contiguous disease that is a poor candidate for surgery, single-modality radiation, or a combination of the two; and metastatic
cSCC. In cases of larger, more aggressive cSCC where surgery
can feasibly remove all of the tumor burden, it may come with
the cost of significant morbidity and/or disfigurement from
damage to nearby anatomical structures and thus is not a reasonable option. Treatment of metastatic cSCC also presents
major challenges. Surgery, radiotherapy, and systemic therapy
may be used in an attempt to control disease. Surgery can be
used for tumor debulking as well as excision of isolated metastatic lesions or involved lymph nodes. Radiotherapy may
be beneficial in treating bone metastases and locally advanced
symptomatic tumors. In certain circumstances, these modalities can be used with a palliative intent in order to improve a
patient’s quality of life. Combining surgery and radiotherapy

Cytotoxic Chemotherapy for cSCC
Prior to the development of more modern systemic agents
used today, cytotoxic chemotherapy and platinum-based
agents were the mainstay of therapy for advanced cSCC.
Numerous agents, including cisplatin, bleomycin, interferon,
5-fluorouracil and doxorubicin had been trialed; many
were published as case reports or case series. These articles
reported widely varying response rates from 17%-84% [1214]. Very few adequately powered randomized controlled
trials were available to guide treatment regimens and there
were no formal treatment recommendations. In many cases,
these agents were combined with other therapy modalities
such as radiotherapy or surgery which further confounded
long term data evaluation of these treatment regimens [15].
Results showed short progression free survival (PFS) and/or
overall survival (OS). In several cases reporting long-term
tumor remission, patients had received subsequent surgical or
radiation therapy. Table 1 summarizes several studies investigating cytotoxic agents for treatment of advanced cSCC
and their limitations. These therapies are frequent causes of
nausea and emesis, and at times severe hematological toxicities including neutropenia, thrombocytopenia, and anemia
[16]. The use of cisplatin in combination with 5-FU and
bleomycin showed an objective response rate (ORR) of 84%
[13] but these types of regimens are not commonly used due
to the significant toxicity that is not tolerable in the elderly
population which makes up a large portion of the cSCC
population. In this small combination study, the median age
of the 14 patients enrolled was 59, patients had only locally
developed tumors (none with metastasis), and 10 patients
received adjuvant surgery or radiotherapy. It is worthwhile
to note that these therapies continue to be under investigation
in combination with more modern small molecule targeted
therapies and immunotherapies that are the mainstay of our
discussion in this article [17].

with systemic therapy can be helpful, as complete remission
of disease with purely systemic therapy is not guaranteed.
Until recently, systemic treatment for cSCC was not

Targeted Therapy for Advanced cSCC

highly effective and often difficult to tolerate, thus neg-

Epidermal growth factor receptor (EGFR) is a member of the

atively impacting patient’s quality of life. In this article,

ErbB family of tyrosine kinase (RTKs) receptors and trans-

we will review the various systemic agents that have been

mits a growth-inducing signal to cells when stimulated by an

used to treat advanced cSCC. Our discussion will range

EGFR ligand [18]. EGFR is expressed in multiple organs and

from the older, more antiquated, therapies, to modern small

plays important roles in proliferation, survival, and differenti-

molecule targeted therapies and immunotherapies, of which

ation of cells in both physiology and tumor development [19].

PD-1 inhibitors have shown adequate tumor responses for

The activation of EGFR affects numerous biochemical path-

locally advanced or metastatic cSCC. We will re-examine the

ways including RAS-RAF-MEK-MAPK, PLC-gamma/PKC

2
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Table 1. Cytotoxic Chemotherapy for the Treatment of cSCC
Duration
of
Response

Regimen

Line of
therapy

Pts
(n)

Response
Rate

Guthrie T et al.
1985(75)

Cisplatin +
doxorubicin

Mixed First/
Second+

4

CR 25%
PR 50%
ORR 75%

3–24
months

Guthrie T et al.
1990(14)

Cisplatin +
doxorubicin

Mixed First/
Second+

12

CR 33%
PR 25%
ORR 58%

-

Sole therapy (7) OR
neoadjuvant (5) receiving
RT or ST

Sadek H et al.
1990(13)

Cisplatin +
5-fluorouracil† +
Bleomycin

Second+

13

CR 30%
PR 54%
ORR 84%

-

Almost all pts received
subsequent ST/RT

Khansur T et al.
1991(76)

Cisplatin +
5-fluorouracil

First line

7

CR 43%
PR 43%
ORR 86%

-

One patient received
subsequent ST.
Several patients lost to
follow up

Merimsky O et al.
1992(77)

Adriamycin +
Cisplatin

Second+ Line

2

CR 50%
PR 50%
ORR 100%

-

Both patients had only
locally advanced disease.

Cartei G et al.
2000(78)

Oral
5-fluorouracil

Second+ Line

14

CR 0%
PR 14%
ORR 14%

Median 30
weeks

None had distant
metastasis. Some received
oral + topical 5-FU

Shin DM et al.
2002(79)

IFN-alpha and
13-cis-retinoic
acid and cisplatin

Mixed First/
Second+

39

CR 17%
PR 17%
ORR 34%

Median 9
months

None had distant
metastasis.
Median survival 14.6
months.

Cisplatin +
5-fluorouracil +
RT

First Line

2

CR100%
PR 0%
ORR 100%

-

Both patients had only
locally advanced disease.

First Line

19

CR 53%
PR 47%
ORR 100%

-

Median survival just over
24 months

Study

Fujisawa Y et al.
2006(80)

Nottage MK et al.
(cisplatin OR
2017(15)
carboplatin) + RT

Notes/Limitations
One patient had subsequent
ST

Note this table is just a limited sampling of published reports including cytotoxic chemotherapy for advanced cutaneous SCC.
CR= complete response; PR = partial response; ORR = overall response rate; ST = surgical therapy; RT = radiation therapy;
Pts = patients; IFN-alpha = interferon alpha

and PI3K/AKT/mTOR, STAT and NFkB [20]. These path-

by Maubec and colleagues [23], included 36 patients that

ways, frequently altered in cSCC, allow for increased tumor

received cetuximab at an initial dose of 400 mg/m2 followed

cell proliferation, migration, survival, altered differentiation,

by subsequent weekly doses of 250 mg/m2 for at least 6 weeks

and resistance to apoptosis [21]. Differences in expression of

with a 48 week follow up. ORR was 28%, with 2 complete

EGFR between primary and metastatic lesions of cSCC have

remissions (6%) and 8 partial responses (22%), and a short

been reported, although EGFR expression is not always a

mean OS of 8.1 months. Notably, the safety profile of the

requirement for cSCC carcinogenesis [22]. EGFR inhibitors

study was acceptable and similar to that of other studies.

were one of the earliest systemic targeted therapies for the

A larger retrospective clinical trial by Montaudié and col-

treatment of advanced cSCC. Both monoclonal antibodies

leagues, showed an ORR of 42% and 70% disease control

against the ligand binding domain of EGFR, as well as small

rate (DCR) at 12 weeks in chemotherapy-naïve patients

tyrosine kinase inhibitors (TKI)molecules, have been trialed.

treated with cetuximab for advanced cSCC. Median OS

Cetuximab, a human/mouse chimeric monoclonal anti-

was 17.5 months, and the majority of adverse events were

body, competitively binds and inhibits the ligand binding

grade 1 to 2. Notably, this trial included a large proportion

domain of EGFR thus limiting its interaction with the

of immunocompromised patients (~33% of the 58-patient

EGFR-ligand. A phase II study of cetuximab as first-line sin-

cohort) which are typically excluded from clinical trials. The

gle-drug therapy in patients with advanced cSCC, conducted

authors did note that their trial included a significantly higher
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portion of patients with only local disease (~66%) compared

cytotoxic agents. Cutaneous adverse events are incredibly

to that of the Maubec study (39%). This same group had also

frequent, occurring from 50-100% of the time in reported

reported an ORR of 48% and DCR of 68% at six weeks in

clinical trials using these agents, and can be a cause of poor

a separate retrospective cohort of 31 patients treated with

drug compliance and/or drug cessation [32]. Acneiform erup-

cetuximab, with 47% of patients having local disease rather

tions in seborrheic areas are common, but patients may also

than metastatic [24].

develop xerosis, paronychia, and other cutaneous toxicities.

Panitumumab, a fully humanized monoclonal antibody

There is a positive correlation between the occurrence and

targeted at the EGFR, reported a 31% ORR in a phase II

severity of cutaneous adverse effects and tumor response,

clinical trial by Foote and colleagues [25]. This cohort of

which can be a supporting detail to discuss with patients

patients only included 16 patients, with 14 patients receiving

when helping manage these skin toxicities [33]. Due to sig-

previous radiotherapy and 7 patients having received prior

nificant EGFR expression in epithelial cells of the gastroin-

cytotoxic chemotherapy. Progression-free survival (PFS) was

testinal tract, diarrhea is a common adverse event of EGFR

8 months and median OS was 11 months. In a translational

targeted agents, with incidence varying from 27% to 87%

sub-study, total EGFR expression levels were not found to be

in various phase III clinical trials for various malignancies

associated with treatment efficacy.

[34]. Nevertheless, these adverse events are more manageable

Gefitinib and erlotinib are small TKIs molecules targeting
the EGFR that have been studied in advanced cSCC. Gefitinib

in comparison to the severe side effects that can occur with
cytotoxic therapies.

showed an ORR of 16% and DCR of 51% as monotherapy

Intrinsic and acquired resistance to EGFR inhibitors is

for advanced cSCC [26] but had a notably improved 45.5%

well recognized [35]. Several mechanisms of resistance in

ORR when used as neoadjuvant therapy where treatment

advanced malignancies have been described and many include

included standard surgery or radiotherapy [27]. Erlotinib

genomic alterations in downstream effectors of the EGFR

has also failed to show great efficacy as monotherapy, with a

signaling pathway [36]. These may arise either as new genetic

single-arm phase II trial reporting an ORR of 10% (all partial

alterations in the tumor after start of therapy, or through

responses) although there was a notable DCR of 72% [28].

positive selection pressure of anti-EGFR therapies on an

Erolitinib combined with surgery and postoperative adjuvant

already-present group of EGFR-resistant cells present at time

radiation therapy in a phase I trial showed a recurrence rate

of treatment initiation [37]. Strategies to combat anti-EGFR

of 26.7% with mean time to recurrence in 10.5 months, again

resistance include the use of combination therapy with other

highlighting the use of these agents in combination with other

therapeutic modalities such as radiotherapies, or combination

systemic agents or therapeutic modalities [29]. Lapatinib, a

therapies with other systemic agents including traditional

TKI that blocks the HER2 receptor, has been found to be anec-

cytotoxic chemotherapy [38].

dotally effective in treatment of advanced cSCC [30], prompt-

Table 2 summarizes a small sample of studies investigat-

ing larger trials to investigate its efficacy in larger cohorts [31].

ing targeted therapies for treatment of advanced cSCC. Treat-

EGFR-targeted therapies are typically more tolerable

ment with these agents may be limited due to short durations

with adverse effects being less severe when compared to

of response and progression free survival.

Table 2. Targeted Therapies for the Treatment of Advanced Cutaneous SCC
Study

Regimen

Line of
Therapy

Pts
(n)

Response
Rate

Duration of
Response

Maubec E et al.
2011(23)

Cetuximab

First Line (42%)
Second+ Line
(58%)

36

CR 6%
PR 22%
ORR 28%

Mean 6.8
months

Montauedié H
et al. 2020(24)

Cetuximab

First Line (36%)
Second+ Line
(64%)

58

CR 2%
PR 40%
ORR 42%

-

Hillen U. et al.
2018(81)

Cetuximab

Majority
Second+ Line

15

CR 6%
PR 13%
ORR 20%

Mean 7
months

Notes/Limitations
Mean OS 8.1 months
Median PFS 4.1 months
DCR of 69%
Some patients received
subsequent surgical excision
Retrospective study
DCR at 12 weeks 70%
Median PFS 9.7 months
Median OS 17.5 months
Retrospective study

Table 2 continues
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Study

Regimen

Line of
Therapy

Pts
(n)

Response
Rate

Duration of
Response

Notes/Limitations

Preneau S et al.
2014(82)

Cetuximab (6),
Cetuximab
+ RT (5),
Cetuximab +
Carboplatin (9)

First Line (10%)
Second+ Line
(90%)

20

ORR 47%

-

OS 11.1 months
PFS 5.7 months
ORR: Cetuximab monotherapy
(33%), Cetuximab +
carboplatin (38%), Cetuximab
+ RT (80%)

Reigneau M
et al. 2015(83)

Neoadjuvant
Cetuximab
+/- (platinum
based agent +
5-Fluorouracil)
prior to ST

Mixed First
Line and
Second+ Line

34

-

-

Locally advanced SCC only
9 Pts received Cetuximab
Monotherapy
Tumors became resectable in 28
of 34 patients (82%)
Some patients received adjuvant
RT

Galbiati D et al.
2019(17)

Cetuximab +
(Cisplatin OR
Carboplatin)

Second+ Line

12

CR 8%
PR 42%
ORR 50%

Median 4.8
months

Foote MC et al.
2014(25)

Panitumumab

First Line (6%)
Second+ Line
(92%)

16

CR 12 %
PR 19%
ORR 31%

Median 5
months

William WN
et al. 2017(26)

Gefitinib

Second+ Line

37

Median
DCR 51%
CR 0%
PR 16% 31.4 months Median OS 12.9 months
Median PFS 3.8 months
ORR 16%

Lewis et al.
2012(27)

Neoadjuvant
Gefinitib prior
to ST and/or
RT

First Line (43%)
Second+ line
(57%)

22

CR 18%
PR 27%
ORR 45%

-

2-year OS 72.1%
2-year PFS 63.6%

Gold et al.
2018(28)

Erlotinib

Second+ Line

29

CR 0%
PR 10%
ORR 10%

-

DCR 72%
Median OS 13 months
Median PFS 4.7 months

Median PFS 6.6 months
Median OS 14.6 months
Some patients subsequently
received ST or RT
Median PFS 8 months
Median OS 11 months

Note this table is just a limited sampling of published reports including targeted therapies for advanced cutaneous SCC.
CR= complete response; PR = partial response; ORR = overall response rate; ST = surgical therapy; RT = radiation therapy;
Pts = patients; DCR = Disease Control Rate; SCC = Squamous Cell Carcinoma.

Systemic Immunotherapy for Advanced cSCC
Immunogenicity of Cutaneous Squamous Cell
Carcinoma

as well as a functional and quantitative reduction in the

A discussion of the immune system’s role in development of

ous environment [41]. Cutaneous SCC has one of the highest

cSCC and tumor progression is essential to understanding

mutational burden (TMB) of all tumors including melanoma

how immunotherapy acts and mediates destruction of target

and other squamous tumor types [42]. TMB has shown to

tumor cells. It is known that immunosuppression significantly

have predictive value of tumor response using immune check-

increases the incidence of non-melanoma skin cancer includ-

point inhibitors in advanced malignancies [43], making cSCC

ing cSCC which occurs 65-250 times more frequently in

an ideal candidate for immunotherapy treatment.

cutaneous immune response, which in turn suppresses the
cutaneous antigen presentation and recognition in the cutane-

patients after organ transplantation compared to the general

Tumor cells attempt to evade the immune system through

population [39]. In addition, cSCC in the organ transplant

a variety of mechanisms, and those cells that succeed show

population tend to be more aggressive with an increased

a loss of expression of immunogenic tumor-specific antigens

risk of local recurrence, regional and distant metastasis, and

[44]. These cells are admixed with a variety of infiltrating

mortality [40]. Chronic immunosuppression impairs normal

leukocytes of both innate and adaptive origin in what is

immune surveillance and eradication of carcinogenic changes

called a tumor microenvironment (TME). This microenvi-

within tumor cells. Ultraviolet (UV) radiation, a primary

ronment includes many complex and dynamic interactions

pathogenic factor for development of squamous cell carci-

between tumor cells and the immune cells, including T-cells

noma, directly causes UV-specific mutations in keratinocytes

which constitute a major cell type found in this microenvi-
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ronment [45]. Tumor cells can evade the immune system in

Pembrolizumab, nivolumab, and most recently cemi-

the TME by T-cell co-stimulation through tumor cell upreg-

plimab are anti-PD1 monoclonal antibodies used in the

ulation of immune-checkpoint co-signaling proteins such as

treatment of advanced malignancies. In 2018, registration

cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) and

trials by Migden and colleagues showed ORRs of 41.1-50%

programmed death-1 (PD-1) protein. These act as brakes on

in the phase I and II studies that included patients with locally

the anti-tumor immune response, and have become immu-

advanced or metastatic cSCC treated with weight-based dos-

notherapeutic targets in treatment of cSCC. Exploring the

ing of cemiplimab (3mg/kg q2weeks) or a fixed dose (350 mg

vast and intricate interactions between the immune response

q3weeks). Disease control rates ranged from 62-71.2% [50-

and cSCC is beyond the scope of this review. Nevertheless, a

52]. It is worthwhile to note that there were patients included

strong emphasis should be placed on recognizing that these

in these trials where partial response was not obtained until

interactions form the backbone from which modern immu-

after 6-10 months of treatment and thus only a few cycles

notherapeutics have been designed and developed.

of therapy seem insufficient to determine response. Some
patients who initially appeared as non-responders later

PD-1 Inhibitors

showed impressive tumor regression and at times a complete

PD-1 inhibitors have become a mainstream approach for the

response. The KEYNOTE-629 trial by Grob and colleagues, a

treatment of a variety of cancers including, but not limited to,

single arm phase II trial that treated 105 patients with 200 mg

non-small cell lung cancer, metastatic melanoma, colorectal

pembrolizumab q3 weeks (Q3W), observed a 34.4% ORR

cancer, as well as advanced cSCC [46]. The PD-1 receptor

with a 52.4% DCR [53]. It should be noted that in 86.7%

protein on T-cells interacts with its corresponding ligand,

of patients in the KEYNOTE-629 trial, pembrolizumab was

PD-L1 or PD-L2, which may be expressed on tumor cells or

at least second line therapy. Maubec and colleagues reported

tumor infiltrating lymphocytes that may be in the TME. This

a slightly higher ORR of 41% and DCR of 54% in a phase

interaction transmits downstream signals that inhibit T-cell

II study of pembrolizumab as first-line monotherapy [54].

proliferation, cytokine production, and cytolytic function,

Although nivolumab lacks completed large scale phase I and

thus inhibiting the immunogenic antitumor response [47-49].

II trials for advanced cSCC as seen with cemiplimab and pem-

PD-1 inhibitors are one type of immune checkpoint inhibi-

brolizumab, it has been used as therapy for advanced cSCC.

tor that blocks the PD-1/PD-L1 interaction and allows for

Table 3 summarizes several studies investigating anti-PD1

enhanced immune surveillance and destruction of tumor cells.

therapies for advanced cSCC.

Table 3. Anti-PD1 Therapies for Advanced cSCC
Study

Regimen

Line of
Therapy

Pts
(n)

Response
Rate

Duration of
Response

Notes/Limitations

Migden MR
et al. 2018
(50)

Cemiplimab

First Line (31%)
Second+ Line
(69%)

26

CR 0%
PR 50%
ORR 50%

Median NR

Expansion Cohorts of Phase
I Study including Locally
Advanced or Metastatic
cSCC

Migden MR
et al. 2020(52)

Cemiplimab

First and
Second+ Line

78

CR 13%
PR 31%
ORR 44%

Median NR
KM DOR
89%

Phase II Locally advanced
cSCC Cohort
KM 1 year OS 81%
KM 1 year PFS 53%

Richscin D
et al. 2020(51)

Cemiplimab

First and
Second+ Line

71

CR 11%
PR 34%
ORR 45%

Median NR
KM DOR
90%

DCR 68%
KM 1 year OS 81%
KM 1 year PFS 51.2%

In GK et al.
2020(84)

Cemiplimab (13)
Pembrolizumab
(7)
Nivolumab (6)

First and
second+ Line

26

CR 23%
PR 19%
ORR 42%

Median 7.6
months

Retrospective study
Median PFS 5.4 months

Maubec E
et al. 2020(54)

Pembrolizumab

First Line (31%)
Second+ Line
(69%)

57

CR 8%
PR 33%
ORR 41%

Median NR

DCR 60%

Salzmann M
et al. 2020(85)

Cemiplimab (8)
Pembrolizumab
(28)
Nivolumab (10)

First Line (67%)
Second+ Line
(33%)

46

CR 15%
PR 44%
ORR 59%

-

Retrospective study
DCR 80%
KM 1 year PFS 59%
Table 3 continues
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Study

Regimen

Line of
Therapy

Grob JJ et al.
2020(53)

Pembrolizumab

First Line (13%)
Second+ Line
(87%)

Eton O et al.
2020(86)

Pembrolizumab +
panitumumab (1)
Nivolumab +
panitumumab (1)

Second+ Line

Pts
(n)

Response
Rate

105 CR 4%
PR 31%
ORR 34%
2

Duration of
Response
Median NR

CR 100%
ORR
100%

Notes/Limitations
DCR 52.4%
Median PFS 6.9 months
Median OS NR
Case series

Note this table is just a limited sampling of published reports including PD-1 inhibitor therapies for advanced cutaneous SCC.
CR= complete response; PR = partial response; ORR = overall response rate; ST = surgical therapy; RT = radiation therapy;
Pts = patients; DCR = Disease Control Rate; DOR= Duration of Response; cSCC = Cutaneous Squamous Cell Carcinoma;
NR= Not Reached; KR = Kaplan-Meier estimate 12-month estimate

Immunotherapy brings with it a wide variety of possible
immune related adverse events (irAEs) involving various
organ systems that may be monitored, managed symptomatically, or treated with systemic steroids if grade 3 or higher.
In the large-scale trials of cemiplimab mentioned above, the
most reported side effects in the study were diarrhea and
fatigue, experienced by 25% of enrolled patients, of which
the majority were low grade [50]. Patients should be very
closely monitored and informed to report even the mildest of
symptoms, as life-threatening irAE such as colitis, pneumonitis, and hepatitis represent a possible downside of immunotherapy. Most clinical trials involving immunotherapy have
excluded patients with a prior history of autoimmune disease.
Those that included patients with a history of autoimmune
disease showed that anti-PD1 agents may cause disease flares.
Although some patients did experience significant anti-tumor
activity, the degree of flares did not correlate with degree of
response [55].
PD-1 inhibitors are not excluded from the shortfalls of
intrinsic or acquired tumor resistance. In the open-label,
multicohort phase 1b clinical trial for patients with metastatic
melanoma, 25% of patients treated with PD-1 inhibitors who
demonstrated an objective response later developed disease
progression [56]. Mechanisms of resistance are believed to
include loss of cell function, disruption of antigen presentation, as well as several other immune-associated factors [57].
Acquired resistance of PD-1 inhibitors in non-melanoma skin

PD1/PD-L1 Expression and Tumor Response
Identification of tumors that are most likely to respond to
anti-PD1 agents has been difficult. Studies on PD1 inhibitors for the treatment of various advanced malignancies
have shown that pretreatment tumor PD-L1 expression has
a potential association with response to the PD-1 pathway
blockade [59]. However, in other cases, PD-L1 negative
patients showed excellent response to treatment whereas
PD-L1 positive patients showed no response to therapy [6062]. There are no established guidelines, understandably,
when considering how and when to biopsy a tumor sample. Small needle biopsies versus punch biopsies of cutaneous tumors may provide differing results. In addition, gene
expression is not uniform throughout a tumor [63] and 1
biopsy alone may be far from sufficient to provide adequate
sampling. In some instances, PD-L1 expression is limited or
may even be absent in tumor cells while significant expression
of this marker was noted in the tumor infiltrating lymphocytes. Variations between methods used including immunohistochemistry and staining techniques, as well as definitions
of PD-L1 ‘positivity’ (cell surface expression, cytoplasmic
expression, by tumor cells only, by immune related cells,
threshold of positivity) make for less conclusive predictive
value of these markers. There is much more work needed to
determine the validity and reliability of PD-L1 expression as
a predictor of tumor response.

cancer has not been frequently reported or characterized at

Anti-PDL1 agents

this time, but may be revealed as additional larger trials with

Complementing the anti-PD1 agents discussed above, anti-

these agents are completed.

PDL1 agents have been developed in hopes of adding yet

Intralesional therapy of immune checkpoint inhibitors

another agent in our fight against advanced malignancies.

are an appealing approach to treatment. This may allow

Atezolizumab, Avelumab, and Durvalumab are IgG1 antibod-

for higher local tissue concentrations of the agent within

ies targeting against the PD-L1 ligand. These agents have been

the tumor site, with limited systemic exposure and possibly

used for treatment of various malignancies including urothe-

lower systemic toxicity. A study investigating intralesional

lial carcinoma, non-small cell lung cancer, and metastatic

PD-1 inhibitor therapy for recurrent cSCC is currently under-

Merkel-cell carcinoma. In 2017, there were 117 ongoing

way [58].

clinical trials that involved atezolizumab [64]. Although there
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are studies using anti-PDL1 agents for advanced cSCC, there

cytotoxic chemotherapy include their significant and at times

is no data published at this time. The second PD-1 ligand,

lethal side effect profiles which is poorly tolerated in the

PD-L2, is selectively expressed on monocytes and dendritic

elderly population that characterizes advanced cSCC. EGFR

cells and could similarly be another molecular target [65].

targeted therapies such as cetuximab showed reasonable

RP1 Monotherapy and in Combination with PD-1
Inhibitors

responses, with less toxic side effect profiles that included
cutaneous eruptions and gastrointestinal adverse events.
However, the durability of response was suboptimal with a

Oncolytic virotherapy (OV) is the use of a replication-compe-

high percentage of tumor recurrence and low overall survival

tent virus for the treatment of cancer. OV must be non-patho-

at the 2-year mark. Immunotherapy with PD-1 inhibitors

genic to normal cells and can work in a variety of mecha-

demonstrate good response rates and generally good toler-

nisms to selectively kill tumor cells. In the last few decades,

ability. Although severe irAEs have occurred, lower grade

commercially available OVs have been used in a variety of

adverse events are more common. As monotherapy, large

cancers including metastatic melanoma [66]. OV has the

scale trials of PD1 inhibitors showed ORRs close to 50%.

ability to stimulate an anti-cancer immune response, increas-

While biomarkers are conceptually well suited for deciding

ing the immune activity within the TME. By enhancing this

which systemic agents would provide the most clinical bene-

immune response, targeting tumor cells, and exposing tumor

fit, assessment of these to date has yielded mostly inconsistent

neoantigens, OV could provide a logistical complement to

results. Patients with advanced cSCC treated with cetuximab

immune checkpoint inhibition. Unfortunately, a detailed

showed efficacy in a cohort of patients that did not reveal

discussion of OVs and their effects on the TME is beyond

significant EGFR mutations, although this is specific to the

the scope of this review. An open-label, single-arm phase II

investigated loci in the study by Picard and colleagues [73].

clinical trial of the oncolytic HSV RP1 in combination with

As noted above, similar findings have been noted with PD-1

nivolumab has shown early promising results, with 5 of 6

inhibitors where complete responses occurred in tumors

metastatic cSCC patients enrolled showing disease response

that lacked tumor and TIL PD-L1 expression, or the lack

and 3 complete responses [67]. Larger ongoing studies will

of response was seen in tumors that strongly expressed

evaluate the efficacy and durability of responses in patients

PD-L1[60-62]. In addition, differences in the methods used

with advanced cSCC.

for biomarker testing or other assays further confound the

CTLA-4 Inhibitors
Ipilimumab is a CTLA-4 blocking antibody that became

interpretation of these results [74]. Standardization of biomarker testing in large-scale trials may lead to more conclusive findings of any correlations identified.

the first checkpoint inhibitor to be tested and shown to be
effective for the treatment of cancer patients, specifically metastatic melanoma [68]. In 2015, ipilimumab showed durable

Conclusions

complete responses in patients with metastatic melanoma and

Significant advances have been made in the quest to achieve

became a standard-of-care adjuvant treatment of resected

durable tumor responses with limited systemic toxicity in the

stage III melanoma [69]. Day and colleagues reported a dura-

fight against advanced cSCC. Although we have reviewed

ble response in metastatic cSCC using ipilimumab, although

numerous agents and trials including cytotoxic chemother-

larger trials are needed to fully characterize ipilimumab’s

apies, targeted agents, and immunotherapies, head-to-head

safety and efficacy for this cancer [70].

comparisons are not appropriate due to the differences in

The combination of ipilimumab and nivolumab has

study design. There are substantial differences of the demo-

reported increased efficacy over that of single agent check-

graphics enrolled in these studies, and many trials did not

point blockade. These effects were more durable and signifi-

involve first line therapy. Although different drugs within the

cantly prolonged survival of responsive patients for various

same class may work in a similar fashion, we cannot assume

malignancies [71]. This combination therapy is currently

that they are equivalent in efficacy or safety. Nevertheless,

under investigation for the treatment of advanced cSCC [72].

the rise of immunotherapy, specifically PD-1 inhibitors, have

Summary of Systemic Therapy for Advanced cSCC

shown adequate tumor responses with less frequent severe
systemic toxicities. Cytotoxic agents and targeted based ther-

Advanced cSCC manifests with highly variable presentation

apies should not be altogether forgotten, and can continue

having many patient-specific features and considerations.

to be considered in specific cases where immune checkpoint

Although some early use of cytotoxic chemotherapy agents

inhibition is contraindicated. The large number of trials in

for advanced cSCC showed impressive response rates, many

progress today include adjuvant, neoadjuvant monotherapy

of these trials included a combination of agents, as well as

and combinations of the agents discussed in this review.

subsequent surgery or radiation therapy. The limitations of

Even so, much work is needed to improve outcomes while
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decreasing risks from adverse events in the fight against
advanced cSCC.
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ABSTRACT

Cutaneous squamous cell carcinoma (cSCC) may develop in patients with dysregulated immune activation (pre-existing autoimmune diseases or immunosuppression due to hematopoietic/solid organ
transplant recipients), patients with a compromised immune function (long-term immunosuppression), and patients carrying chronic viral infections, or those affected by lymphoproliferative diseases.
It should be also considered that patients presenting with immunosuppression have a high incidence of
cSCC (65–250-times higher than general population), highlighting the central role played by the immune system in the development of cSCC. All these cases must be considered as “special populations”
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for treatment with immune checkpoint inhibitors (ICIs), as the safety and activity of these drugs have
not been studied on these specific cases, since these patients were excluded from clinical trials leading
to approval of ICIs. It is therefore important to gain as much information as possible from the analysis
of real-life data, to derive an indication to be adopted in everyday clinical setting. Moreover, therapeutic alternatives other than ICIs are scarce, mainly consisting in chemotherapy and anti-EGFR agents,
whose activity is lower than immunotherapy and whose toxicity (particularly with chemotherapy) are
not sustainable by this frail population. Here, we describe the current evidence of treatment with ICIs
in special populations and conclude that it is necessary to find a balance between treatment risks (toxicities) and benefits (efficacy), as well as engaging a multidisciplinary team of experts to thoroughly
manage and treat these patients.

Introduction
Cutaneous squamous cell carcinoma (cSCC) is the second
most common non-melanoma skin cancer, accounting for
20% of skin cancers [1]. Incidence rates change according
to skin phenotype, gender (highest risk for men compared
with women), and geographic areas: in North America, the
incidence changes between Canada (60/100,000 inhabitants) and Arizona (USA) (290/100,000 inhabitants); in
Europe, age-standardized incidence is 9–96/100,000 inhabitants for males and 5–68/100,000 inhabitants for females;
and in Australia, the incidence reported is 387/100,000
inhabitants [2]. Mortality rates for cSCC are not always
well documented; however, 5-year survival rate is estimated
to be ranging from 88% for localized disease, to 50% for
metastatic disease [3,4]. Most cSCCs are diagnosed in the
early stage and are eligible for curative treatment (more than
90% of cases), however, up to 5% of cases may present with
a non-resectable disease [5] and other cases may not be eligible for surgery due to comorbidities. Immune checkpoint
inhibitors (ICIs) offer new therapeutic perspectives to cSCC
not amenable to locoregional treatments, achieving response
rates in up to 50% of cases and providing benefits to a subgroup with durable disease control [6]. Despite general good
tolerability, immunotherapy could be rarely associated with
severe immune-related adverse events (irAEs), due to uncontrolled activation of the immune system. In this regard,
immunotherapy safety profile should also be studied in
“special populations”, ie, the patients whose comorbidities
or frailties excluded them from clinical trials that led to the
approval of ICIs. Special populations include patients with
dysregulated immune activation (pre-existing autoimmune
diseases or immunosuppression due to hematopoietic/solid
organ transplant recipients), patients with a compromised
immune function (long-term immunosuppression), patients
with chronic viral infections, or those affected by lymphoproliferative diseases in which the safety of ICIs is not well
studied.

2

“Special Population” in Immunotherapy Treatment
Patients receiving solid organ transplantation (SOT) or hematopoietic stem cell transplant (HSCT) require modulation of
the immune system to maintain allograft tolerance and avoid
rejection, and graft versus host disease (GVHD). Preclinical
data showed that the PD-1/PD-L1 axis has an important
role in maintaining tolerance, even if not well understood.
PD-1/PD-L1 axis is required for the maintenance of T-cell
tolerance to prevent alloimmunity following HSCT, and
reduces the risk of GVHD [7]. As the intervention with ICIs
migh induce alteration in the mechanism of T-cell exhaustion,
thus reinvigorating immune response, ICIs could be also
responsible for organ rejection [8,9]; as a consequence SOT
recipients were usually excluded from main ICI clinical trials.
Data in literature regarding the use of ICIs in this population
are related to case series and case reports. Rejection rates in
patients receiving ICIs are reported in 36% and 54% of liver
and kidney transplantation, respectively [10]. Recently, 19
patients receiving liver transplant and 29 patients receiving
kidney transplant were treated with ICIs, showing a disease
control rate of 35% and an organ rejection rate of 37% and
45% for liver and kidney transplantation, respectively [11].
A literature search and review of 27 articles reported a 40%
rate of allograft rejection in renal transplant recipients treated
with ICIs for advanced solid cancers (mainly melanoma);
17% of these patients achieved a partial response to immunotherapy [12]. A large systematic review on SOT recipients
undergoing ICIs due to advanced solid cancer confirmed the
rejection rate of approximately 40%, similar across the type
of ICIs and primary tumor histology [13]. An important issue
is how to reduce risk of organ rejection without affecting
immunotherapy efficacy: lowering or withdrawing immunosuppressive regimens is possible, however this needs to be
discussed in multidisciplinary tumor board [14,15]. Intriguingly, immune-suppressive agents used in combination with
corticosteroids could modulate the risk of organ rejection. It
seems that the use of mTOR inhibitors, instead of calcineurin
inhibitors, could be an option for SOT recipients with cancer
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requiring ICI treatment, due to the reduction of the risk to

and greater toxicities from ICIs treatment [29]. Recently, an

develop organ rejection, combined with the known antitumor

Italian series showed no difference in grade 3–4 irAEs among

activity [16,17].

751 cancer patients treated with anti-PD-1 agents comparing

ICIs are currently used in hematological diseases as sal-

patients with or without autoimmune disorders [30].

vage therapies in patients affected by Hodgkin lymphoma,

Chronic immune suppression due to treatment of the

while there is limited evidence of their use in other types of

aforementioned conditions may hind the effects of immuno-

lymphoma and lymphoproliferative disease [18]. Patients

therapy by blocking T-cell activity. Patients receiving chronic

who need ICIs treatment for solid cancer with a history of

immunosuppressant agents or high-dose steroids are usually

hematological disease could have previously received an

excluded from trials with ICIs, consequently, data in liter-

immunotherapy treatment or could have also received an

ature is limited. Experiences from ipilimumab trials, given

autogenic/allogenic transplant. If treatment with ICIs was

the frequency of primary or secondary adrenal insufficiency,

well tolerated by hematological patients, further retreatment

showed that a physiologic (replacement) dose of corticoste-

with ICIs is not contraindicated [8]. On the other hand,

roids did not influence ICIs activity [31,32]. On the other

patients who previously received an allogeneic transplant

hand, patients with prior autoimmunity receiving high-dose

due to hematological diseases need to be carefully evaluated:

steroids showed less activity of ICIs if compared with patients

ICIs treatment increases the risk of GVHD; intriguingly anti-

who did not need high-dose corticosteroids (response rate:

CTLA-4 ipilimumab appears to have higher safety in this

15% vs 40%, respectively) [25]. A study of ipilimumab in

setting [19–21]. Well-known risk factors that increase the risk

patients affected by metastatic melanoma with brain metas-

of GVHD during ICIs treatment are: a previous GVHD, the

tasis, confirmed a lower response rate in patients receiving

status of chronic GVHD, and previous toxicities [8].

high-dose steroids [33]. Recently, a single-institution study

Another group of patients at higher risk of toxicities

showed that the early start of steroids during immunotherapy

by immunotherapy are those suffering from autoimmune

could be linked to a lower probability of response and lower

diseases. In these cases, further immune stimulation could

survival [34].

lead to a possible flare in immune activation, with clinical
diseases, even if silent, are usually excluded from clinical

Importance of Considering “Special Populations”
with cSCC

trials with ICIs, for fear of new, potentially life-threatening,

The immune suppressed population has an incidence of cSCC

symptoms’ appearance. Preclinical data showed that mice

that is 65–250-times higher compared with the general popu-

deficient for CTLA-4 or PD-1/PD-L1 may develop serious

lation. This draws attention to the central role played by the

immune-mediated symptoms, including one death due to

immune system in the development of cSCC [35]. Immuno-

fulminant autoimmune disease [22]. However, cancer patients

suppression could be iatrogenic, usually due to therapies used

suffering from previous autoimmune disease do not represent

for allogenic organ transplants, hematological or autoim-

a small portion of cancer patients: for instance, it is estimated

mune diseases, related to HIV, or primary immunodeficiency.

consequences. Therefore, patients affected by autoimmune

that 13% of lung cancer patients had a positive anamnesis for

The immune-suppressed population represents a challeng-

autoimmune disease [23]. A series of 30 patients affected by

ing target in the treatment of advanced or metastatic cSCC

melanoma, treated with ICIs and with concurrent diagnosis

not amenable to locoregional treatment, as they present with

of autoimmune disease showed that 27% of patients had

a more aggressive disease and with a higher risk of developing

exacerbations of their autoimmune disease, 33% developed

immune related toxicities due to ICIs. cSCC grows more rap-

immune-related adverse events (irAEs) requiring treatment,

idly in immunosuppressed patients and has a higher tendency

and one patient with psoriasis died of autoimmune colitis; the

to develop local and distance recurrences [36]. Moreover,

response rate was comparable with other ipilimumab clini-

mortality rates are higher for cSCC patients with a history

cal trials [24]. Safety and efficacy of anti-PD-1/anti-PD-L1

of SOT [37].

therapy in cancer patients affected by autoimmune disorders

Immunotherapy with ICIs anti-PD-1 (cemiplimab and

have been shown in various series: rates of irAEs and autoim-

pembrolizumab), are now recommended as first-line treat-

mune flare were consistent, ranging from 23% to 44%, and

ment for patients with advanced cSCC who are not eligible

efficacy did not differ from clinical trials in patients without

for surgery or radiotherapy based on results of phase II

autoimmune disorders. To note, irAEs and autoimmune flares

clinical trials [6,38,39]. However, patients affected by autoim-

responded well to a classic therapeutic algorithm [25–28]. Is

mune disease requiring immunosuppressive agents, anamnesis

important to consider cancer patients with specific circulating

of prior solid organ transplant, active viral infection requiring

autoimmune markers or antibodies without evidence of auto-

specific therapy, such as HIV or hepatitis B virus or hepatitis

immune disease: this population experienced greater efficacy

C virus, and affected by chronic lymphocytic leukemia were
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excluded by registration drug clinical trials. In addition,

showed 3 serious adverse events out of 8 immune-compro-

international guidelines do not give specific guidance to treat

mised patients (due to hematological disease and HIV infec-

these patiens. Therapeutic alternatives for those populations

tion). The CemiplimAb-rwlc Survivorship and Epidemiology

who are excluded by clinical trials with ICIs are scarce, pos-

(C.A.S.E.) study, is a prospective study aimed at evaluating

sibly limited by less activity and more toxicity, mainly based

safety and effectiveness of cemiplimab in a real-life setting.

on platinum-based chemotherapy and anti- EGFR-targeted

Among the 138 patients enrolled up to now, 30 were immu-

treatment.

nocompromised or immunosuppressed; 1 patient experienced

Platinum-based chemotherapy for advanced cSCC showed

an acute renal failure, and no treatment-related deaths were

an objective response rate of 44%, median progression free

reported, while the overall response rate (45.5%) was super-

survival (mPFS) and median overall survival (mOS) was 5.5

imposable of that obtained in other clinical trials with no

months and 10.9 months, respectively, and the 3-year survival

“special populations” [48].

was 22% [40]. Cetuximab (anti-EGFR-targeted treatment),
when employed as monotherapy, showed 27.7% of response
rate with 2 complete responses out of 36 patients, responses
were rapid, and 61% of patients had serious adverse events
(grade 3–4) [41].
Within this scenario it becomes strikingly important to
balance risks (toxicities) and benefits (efficacy) of ICIs, when
managing treatment for the “special population” excluded
from ICIs in previous clinical trials.

Conclusion
What to do Before Starting ICIs in a cSCC Special
Patient Population?
Management of patients with advanced cSCC changed with
the introduction of ICIs; however, treatment for the “special
population” remains an important unmet medical need.
It is important to carefully detail immunotherapy’s pros
and cons to patients, considering the impact on prognosis

Immunotherapy in cSCC and Special Patient
Populations

and the possible toxicities that could develop and could

There is a lack of prospective data in the literature regarding

immune complications, in the case of SOT recipients, the

immunotherapy in cSCC “special populations”. Data are

change of the immunosuppressive regimens from the inhibi-

mostly derived from case reports, case series, or retrospective

tor of calcineurin to mTOR inhibitors is indicated. Steroids

data. An immune-suppressed patient with HIV and metastatic

are often employed as preventative measures in high-risk

cSCC has been reported to experience stabilization of disease

cases, even if there are no clear dose and time indications.

and no side effects with pembrolizumab as third-line systemic

We suggest adjusting the dose of steroids according to the

treatment [42].

foreseen risk and the developed toxicities, to balance the

potentially be life-threatening. To reduce the risk of possible

A patient with a kidney transplant showed complete

need of limiting adverse effects of exaggerated immune

pathological response to the combination of nivolumab +

activation with the possibility to achieve clinical response

ipilimumab, but experienced allograft rejection [43]. Two

and not to compromise therapeutic effectiveness. Each

other cases were affected by advanced scalp squamous cell

case of cSCC patient belonging to the “special population”

carcinoma and kidney transplant recipients have been suc-

needs to be discussed and treated within a multidisci-

cessfully treated with cemiplimab [44,45]. Real-world ret-

plinary team of experts, aiming to offer the best possible

rospective series on patients affected by cSCC [46] showed

therapeutic armamentarium built ad hoc depending on the

a response rate of 42% and duration of response of 2 years

required needs.

(range: 1–32 months) with cemiplimab in immunosup-

Lastly, considering constraints of enrolling these patients

pressed patients, described as patients who needs chronic

in randomized clinical trials, the enrollment of “special

immune suppression due to HIV, hematologic malignancies,

patient populations” treated with immunotherapy in obser-

SOT recipients, and autoimmune disorders. Out of 5 SOT

vational studies may contribute to increase the understanding

recipients, the duration of response was 20 months and just

of their treatment opportunities.

1 patient experienced acute allograft rejection. A low rate
of rejection was probably due to the fact that 3 out 5 SOT
recipients were receiving immunosuppression with prednisone + mTOR inhibitors. Intriguingly, the rate of grade 3 or
4 adverse events (21%) was not statistically different between
the immunosuppressed population and the immunocompetent population. All patients with rheumatologic disease
experienced lower-grade immune exacerbation. A French
case series on patients receiving ICIs for advanced cSCC [47]
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