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Skin cancer is the most frequently diagnosed cancer in the 
United States and worldwide. One in five Americans will have skin cancer in 
their lifetime.1 Nonmelanoma skin cancers, also called keratinocyte carcino-

mas, are the most common type of cancer treated in the United States, with more 
than 5 million incident cases per year.2 Precise estimates of incidence are challeng-
ing, since keratinocyte carcinoma is not reported in national cancer registries such 
as the Surveillance, Epidemiology, and End Results registry. Cutaneous squamous-
cell carcinoma is the second most common type of skin cancer, with more than 
1 million new cases per year,2,3 outnumbering all top five reportable cancers 
treated in the United States combined.

The overall prognosis for patients with cutaneous squamous-cell carcinoma is 
excellent. Nodal metastases develop in 1.9 to 5.2% of cases, and overall mortality 
is 1.5 to 3.4%.3-7 However, patients with metastases tend to have much poorer 
outcomes.6 Among immunosuppressed patients, the risk of cutaneous squamous-
cell carcinoma is increased by a factor of 65 to 250, with a higher incidence of 
local recurrence and metastasis in 6 to 15% of cases.8,9 Cutaneous squamous-cell 
carcinoma accounts for an increasing number of deaths from skin cancer in the 
United States, with estimates suggesting that the absolute numbers of patients 
with nodal metastasis and of deaths are equal to or exceed those for melanoma 
or leukemia.3,10 Both the incidence of cutaneous squamous-cell carcinoma and the 
burden of disease are on the rise. This evidence-based review provides clinicians 
with current information about epidemiologic features, clinicopathological risk 
factors, staging, management, and prevention.2,11,12

Epidemiol o gy a nd Clinic a l Pr esen tation

Cutaneous squamous-cell carcinoma accounts for 20% of all cutaneous cancers.1 
The incidence over the past several decades has been increasing worldwide among 
White populations, an increase that is hypothesized to be associated with the ag-
ing population, higher levels of sun exposure, the use of tanning beds, and in-
creased focus on skin cancer screening and detection.13,14 In addition, a growing 
proportion of persons with cutaneous squamous-cell carcinoma, such as organ-
transplant recipients, have underlying immunosuppression.

Cutaneous squamous-cell carcinoma can develop on any surface of the skin. It 
is more common in men than in women (3:1 ratio), and the risk increases dra-
matically with age.15 Specifically, the incidence among persons older than 75 years 
of age is 5 to 10 times that among those younger than 55 years of age.16 Patients 
typically present with scaly, erythematous, or bleeding lesions, most often on sun-
exposed areas, and the appearance of these lesions differs according to histologic 
subtype (Fig. 1). Cutaneous squamous-cell carcinoma is the most common type of 
skin cancer in Black persons and the second most common type in White, Asian, 
and Hispanic persons.17 The overall incidence among Black persons is estimated 
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to be 3 cases per 100,000, as compared with 150 
to 360 per 100,000 among non-Hispanic White 
persons in the United States.17,18 Areas of the 
body that are not exposed to the sun, such as the 
palms of the hands, soles of the feet, nails, and 
anogenital regions, as well as areas of chronic 
inflammation or scarring, are common locations 
for cutaneous squamous-cell carcinoma in non-
White populations. Most cases of cutaneous squa-
mous-cell carcinoma are localized to the skin.

 En v ironmen ta l ,  Clinic a l , 
a nd Gene tic R isk Fac t or s

Certain environmental, genetic, and clinical fac-
tors put patients at increased risk for cutaneous 
squamous-cell carcinoma. The most important 
factors are cumulative exposure to ultraviolet ra-
diation, age, and systemic immunosuppression.

Ultraviolet radiation is the most important 
environmental risk factor for the development of 
cutaneous squamous-cell carcinoma. Specific 
patterns of total and cumulative ultraviolet expo-
sure lead to the highest rates of cutaneous 
squamous-cell carcinoma.19 Ultraviolet B causes 

direct DNA damage through the formation of di-
pyrimidine dimers that lead to malignant trans-
formation.19 Ultraviolet A (UVA) also plays an 
etiologic role through indirect DNA damage and 
the formation of free radicals. Psoralen plus UVA 
and tanning beds, both primary emitters of 
UVA, have been shown to be associated with an 
increased risk of cutaneous squamous-cell carci-
noma.20,21 For persons who have undergone in-
door tanning of any duration, as compared with 
those who have never undergone indoor tanning, 
the relative risk of cutaneous squamous-cell car-
cinoma is 1.67.21 Other environmental risk fac-
tors include exposure to ionizing radiation and 
exposure to arsenic or radon.

Many genetic factors play a role in the devel-
opment of cutaneous squamous-cell carcinoma. 
Inherited phenotypic characteristics — such as 
light skin, red or blonde hair, and light-colored 
eyes — are associated with an increased risk of 
cutaneous squamous-cell carcinoma.22 A family 
history of cutaneous squamous-cell carcinoma is 
associated with a risk that is two to four times 
that in persons without a family history.23 Inher-
ited disorders such as xeroderma pigmentosum, 

Figure 1. Typical Clinical and Histologic Features of Cutaneous Squamous-Cell Carcinoma.

Panel A and Panel C (hematoxylin and eosin stain) show well-differentiated cutaneous squamous-cell carcinoma, and 
Panel B and Panel D (hematoxylin and eosin stain) show poorly differentiated cutaneous squamous-cell carcinoma.
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epidermolysis bullosa, albinism, and other rare 
genetic syndromes also increase the risk of cu-
taneous squamous-cell carcinoma, often with an 
earlier age at onset for those with such disorders 
than for those without.22 Genomewide associa-
tion studies have identified germline mutations, 
or single-nucleotide polymorphisms, that may 
put persons at risk.24-26 Cutaneous squamous-cell 
carcinoma has a high tumor mutational burden, 
with mutations commonly seen in TP53, NOTCH1 
or NOTCH2, CDKN2A, PI3K, and cell-cycle 
pathways.27

Innate, acquired, and iatrogenic immunosup-
pression can increase the risk of cutaneous 
squamous-cell carcinoma, the number of lesions, 
and the aggressiveness of any single lesion. Ac-
quired immunosuppression, most commonly due 
to receipt of a solid-organ transplant, human 
immunodeficiency virus (HIV) infection, chronic 
lymphocytic leukemia, lymphoma, or long-term 
immunosuppressive therapy, puts patients at in-
creased risk for cutaneous squamous-cell carci-
noma. Specifically, the incidence of disease has 
been reported to be higher by a factor of 5 to 113 
among organ-transplant recipients than among 
immunocompetent persons.28

Other risk factors for the development of cu-
taneous squamous-cell carcinoma include chron-
ic inflammation (from burn scars, chronic ul-
cers, sinus tracts, or inflammatory dermatoses), 
smoking, hypothyroidism, and drugs (e.g., vori-
conazole, hydrochlorothiazide, BRAF inhibitors, 
and tumor necrosis factor inhibitors), as well as 
human papillomavirus (HPV, a risk factor for 
periungual and anogenital squamous-cell carci-
noma in particular).29

S taging,  Wor k up,  a nd Pro gnosis

Staging of cutaneous squamous-cell carcinoma 
has changed dramatically in the past 10 years, 
with several refinements integrating clinical and 
pathological risk factors for local recurrence and 
metastasis in order to improve risk stratifica-
tion, distinctiveness between tumor stages, and 
monotonicity. Individual clinical and patho-
logical factors associated with increased rates 
of local recurrence and metastasis are shown in 
Figure 2.30-34 Given the high number of cases of 
cutaneous squamous-cell carcinoma diagnosed 
annually, it is important to identify persons at 
increased risk for a poor outcome who would 

benefit from enhanced workup, management, 
and surveillance strategies. Four tumor (T) stag-
ing systems for cutaneous squamous-cell carci-
noma use clinical and pathological tumor fea-
tures to predict clinical outcomes, including 
local recurrence and the development of metas-
tases.35-38 In addition, the National Comprehen-
sive Cancer Network (NCCN) stratifies cutane-
ous squamous-cell carcinoma into risk categories 
to help guide management and surveillance but 
does not provide prognostic information.39 Fea-
tures of the staging systems and risk factors for 
local recurrence, nodal metastasis, distant me-
tastasis, and disease-specific death are outlined 
in Table 1.35-38

The American Joint Committee on Cancer 
(AJCC) Cancer Staging Manual, 8th edition, is the 
most widely used staging system for solid-organ 
tumors. However, the Brigham and Women’s 
Hospital (BWH) and Salamanca refinements of 
the AJCC definition of T3 tumors have been 
shown to improve risk stratification both in 
studies at single academic centers40,41 and in 
population-based studies.42,43 The BWH refine-
ment is believed to have the highest specificity, 
positive predictive value, and concordance index, 
with all three staging systems having a similar 
negative predictive value.43 BWH stage T2a, T2b, 
and T3 tumors are associated with an increased 
risk of nodal metastasis, with a 10-year cumula-
tive incidence of 5%, 24%, and 60%, respective-
ly.40 In one validation study, BWH stage T2b tu-
mors accounted for only 5% of the cases in the 
retrospective cohort analyzed but for 72% of 
nodal metastases and 83% of deaths from cuta-
neous squamous-cell carcinoma.44

Immunosuppressed patients are at increased 
risk for metastasis, with a systematic review and 
meta-analysis showing a pooled risk estimate for 
metastasis among organ-transplant recipients of 
7.3% (95% confidence interval [CI], 6.2 to 8.4) 
on the body and 11.0% (95% CI, 7.7 to 14.8) in 
the head and neck areas.9 A population-based 
study involving more than 11,000 patients with 
cutaneous squamous-cell carcinoma showed that 
immunosuppression in organ-transplant recipi-
ents and patients with hematologic cancer was 
associated with an increased multivariable haz-
ard ratio of 5.0 and 2.7, respectively, for metas-
tasis.7 Although the overall risk of metastasis 
and poor outcomes is increased in immunosup-
pressed populations, recent data suggest that 
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immune status may not independently predict 
metastasis and death when the analysis is con-
trolled for the stage of any given tumor.45 Other 
risk factors that are not considered in current 
staging systems but are relevant for predicting 
poor outcomes of cutaneous squamous-cell car-
cinoma include recurrence, lymphovascular inva-
sion, and in-transit metastasis.32,46

Staging systems based on clinical and patho-
logical features alone may be limited in their 
ability to accurately stratify all patients with 
cutaneous squamous-cell carcinoma. Gene ex-
pression profiling, which uses tumor biology as 
a prognostic factor, has been shown to be an 
independent predictor of metastatic risk, with a 
significantly improved positive predictive value, 
as compared with traditional staging, and simi-
lar negative predictive value, sensitivity, and spec-
ificity.47 A 40-gene expression profile test has 

been developed and validated to stratify cases 
of primary cutaneous squamous-cell carcinoma 
into three classes (1, 2A, and 2B), with event rates 
for the development of metastasis at 3 years of 
8.9%, 20.4%, and 60.0%, respectively.47 Since 
this prognostic test was developed on the basis 
of retrospective cohorts, validation in a prospec-
tive study is needed, as well as additional data 
on how best to integrate gene expression profil-
ing into clinical practice.

Currently, there are no evidence-based or con-
sensus guidelines for imaging in cutaneous 
squamous-cell carcinoma. Clinical indications 
for radiologic imaging at baseline include as-
sessment of the extent of the primary tumor 
(i.e., bony invasion, orbital invasion, or involve-
ment of muscle or fascia or other critical struc-
tures) and evaluation for potential perineural 
spread or metastatic disease. All patients with 

Figure 2. Clinical and Pathological Risk Factors for Local Recurrence and Metastasis in Patients with Cutaneous 
Squamous-Cell Carcinoma.

LVI denotes lymphovascular invasion, and PNI perineural invasion.

Local recurrence Metastasis

Poor differentiation 3×

Diameter >2 cm 2×

Depth >2 mm or beyond
subcutaneous fat

10×

Temple, ear, lip location 2×

Poor differentiation2×

Diameter >2 cm3×

Temple, ear, lip location3×

Arising from scar12×

PNI3×

LVI25×

PNI 4×

11× Depth >2 mm or beyond
subcutaneous fat
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cutaneous squamous-cell carcinoma, and par-
ticularly those with any high-risk features, 
should undergo clinical nodal staging. Retro-
spective studies suggest that patients with BWH 
stage T2b or higher tumors may benefit from 
baseline imaging of the draining nodal basins, 
since 59 to 65% of patients have abnormal re-
sults, with management altered in 24 to 33% of 
patients.48,49

Nodal staging is classified in the AJCC stag-
ing system on the basis of size, number of nodes 
involved, and the presence or absence of extra-
nodal extension. AJCC nodal staging can be 
clinical or pathological in nature, with current 
systems lacking the ability to risk-stratify pa-
tients in terms of disease-specific or overall 
survival.50,51 Pathological nodal staging is prob-
ably underutilized in patients with high-risk 
squamous-cell carcinoma, for which systematic 
reviews have shown sentinel lymph-node biopsy 
positivity rates of 13 to 21%, with rates of sub-
clinical lymph-node metastasis as high as 30% 
in cases involving BWH T2b tumors.44,52-54 Senti-
nel lymph-node biopsy is the standard of care 
for melanoma and other solid tumors, with rates 
of occult nodal metastasis anticipated to be 
higher than 7 to 10%. Although there is no stan-
dard of care for nodal staging in cutaneous 
squamous-cell carcinoma, the ability to identify 
metastasis in its earliest forms can limit poor 
outcomes. Once metastasis is detected, the 
5-year survival rate is reduced (50 to 83%)55 and 
may be even lower in immunosuppressed popu-
lations.56 An NCCN panel recently updated rec-
ommendations to include consideration of path-
ological nodal staging for patients who have 
recurrent cutaneous squamous-cell carcinoma or 
two or more other risk factors putting them at 
very high risk.39

M a nagemen t

The general approaches to management of cuta-
neous squamous-cell carcinoma are outlined in 
Table 2.39,57-59

Treatment of the Primary Tumor

The majority of localized, low-risk cases of cuta-
neous squamous-cell carcinoma can be man-
aged with destructive or surgical techniques 
performed in most outpatient office settings 
while the patient is under local anesthesia.39,58 

Specifically, curettage and electrodessication is a 
destructive technique used for small, low-risk 
lesions, excluding terminal hair-bearing areas. 
With this technique, which involves the use of a 
curette to manually scrape the lesion and an 
electrosurgical device to remove cancerous cells 
without pathological assessment, the cure rate 
is as high as 95% for appropriately selected le-
sions.60 Standard wide local excision can be per-
formed with surgical margins of 4 to 6 mm, 
with cure rates of 90 to 98%.60

Surgery remains the mainstay of treatment 
for localized, high-risk cutaneous squamous-cell 
carcinoma. However, wider surgical margins 
(6 to 10 mm) and more exhaustive histologic 
assessment are recommended. Specifically, Mohs 
micrographic surgery or resection with periph-
eral and deep exhaustive margin assessment is 
recommended to achieve local control for high-
risk and very-high-risk cutaneous squamous-cell 
carcinoma.39 Mohs micrographic surgery has 
been shown to be highly effective for control of 
primary cutaneous squamous-cell carcinoma, 
with very low rates of local recurrence (1.2 to 
4.1%), nodal metastasis, and disease-specific 
death.60-62 Appropriate use criteria have been 
developed, validated, and endorsed by the Amer-
ican Academy of Dermatology, American College 
of Mohs Surgery, American Society for Dermato-
logic Surgery, and American Society for Mohs 
Surgery.63 High-risk features, such as positive 
margins, extensive perineural involvement, or 
involvement of large or named nerves, warrant 
multidisciplinary consultation and consideration 
of adjuvant therapy.

Radiation Therapy

For patients who are not surgical candidates, 
radiation therapy of the primary tumor may be 
considered. The use of adjuvant radiation thera-
py in patients with cutaneous squamous-cell 
carcinoma, particularly in the case of clear his-
tologic margins, is heavily debated, with limited 
consensus guidelines and a lack of long-term 
prospective data. The NCCN and the American 
College of Radiology recommend consideration 
of adjuvant radiation therapy to the tumor basin, 
after multidisciplinary consultation, in patients 
who have positive margins after undergoing Mohs 
micrographic surgery with peripheral and deep 
exhaustive margin assessment and in patients 
with extensive peripheral-nerve involvement, 
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involvement of large nerves (≥0.1 mm in diam-
eter) or named nerves, or other high-risk fea-
tures.

Data on the benefit of adjuvant radiation 
therapy in cutaneous squamous-cell carcinoma 
are limited. A retrospective study involving pa-
tients with cutaneous squamous-cell carcinoma 
of the head and neck showed that adjuvant ra-
diation therapy was associated with improved 
overall survival (hazard ratio, 0.59; 95% CI, 0.38 
to 0.90), as well as with improved disease-
free survival in a subset analysis of tumors with 
peripheral-nerve involvement (hazard ratio, 0.47; 
95% CI, 0.23 to 0.93).64 A retrospective cohort 
study involving 508 patients with high-T-stage 
cutaneous squamous-cell carcinoma showed that 
adjuvant radiation therapy after surgery with 
clear margins resulted in a lower 5-year cumula-
tive incidence of both local recurrence (3.6%) 
and locoregional recurrence (7.5%) than clear-
margin surgery alone (8.7% and 15.3%, respec-
tively).65 However, other studies have shown no 
benefit of adjuvant radiation therapy over surgi-
cal monotherapy in cohorts with clear histologic 
margins.40,66 Further prospective studies are nec-
essary to identify patients with cutaneous squa-
mous-cell carcinoma who may benefit from ad-
juvant radiation therapy.

Nodal metastasis limited to a solitary, small 
lymph node (≤3 cm in diameter), without extra-
nodal extension, can be treated with surgery 
alone.39 Radiation therapy is used and is consid-
ered the standard of care for nodal disease that 
is inoperable or not fully resected or that in-
volves multiple nodes or nodes larger than 3 cm 
with extracapsular extension. Adjuvant radiation 
therapy in patients with nodal disease has been 
shown to improve both disease-free and overall 
survival.64

Systemic Therapy

Systemic therapy (conventional chemotherapy, 
immunotherapy, and targeted therapies) is not 
recommended for the treatment of most primary 
tumors in patients with cutaneous squamous-
cell carcinoma unless neither curative surgery 
nor radiation therapy is feasible.39 However, im-
munotherapy has dramatically changed the 
landscape of systemic therapeutics for cutane-
ous squamous-cell carcinoma in the past several 
years with Food and Drug Administration (FDA) 
approval of cemiplimab (in 2018) and pembrolizTa
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umab (in 2020). For patients with recurrent, lo-
cally advanced (stage la) disease who are not 
candidates for surgery and for patients with new 
or recurrent regional disease or distant metasta-
sis, multidisciplinary consideration of systemic 
therapy, alone or in combination with radiation 
therapy, is recommended.39 Regimens for use 
with radiation therapy include conventional che-
motherapeutic agents (cisplatin and carboplatin 
with or without paclitaxel), as well as targeted 
molecular inhibitors in certain circumstances. 
In many cases, the use of traditional chemo-
therapy is limited because of preexisting con-
ditions and dose-limiting toxic effects, and 
responses are often short-lived and without 
curative effect.67,68 A systematic review showed 
that among patients treated with cisplatin, the 
percentage with a complete response was 22%, 
the overall response was 45%, and the median 
disease-free survival was 14.6 months.69 Cetux-
imab has shown some promise in treating ad-
vanced cutaneous squamous-cell carcinoma, with 
overall response among 50 to 78% of patients, 
particularly when given with radiation therapy 
for a synergistic effect. As with other targeted 
molecular inhibitors, however, a sustained re-
sponse to cetuximab is limited.67,69,70

Immune checkpoint inhibitors have become 
the preferred regimen for systemic therapy alone 
on the basis of phase 2 trial data and FDA sup-
port for the use of programmed cell death 1 
(PD-1) inhibition in patients with locally ad-
vanced, recurrent, or metastatic cutaneous squa-
mous-cell carcinoma.71-74 Overall response to 
targeted PD-1 inhibition ranges from 34 to 52% 
for unresectable stage la disease and metastatic 
disease, and the agents are well tolerated overall, 
with grade 3 toxic effects reported in 6 to 51% 
of patients.71-76 The most common reported ad-
verse effects of any grade are fatigue (in 27% of 
patients), diarrhea (in 27%), nausea (in 17%), 
constipation (in 15%), and rash (in 15%). Many 
of the worrisome and sometimes long-term 
toxic effects are autoimmune-related (i.e., thy-
roiditis [in 7% of patients]).73 The response has 
been shown to be higher among patients with a 
higher tumor mutational burden than among 
patients who have a lower mutational burden. 
Responses are observed across all levels of tu-
mor mutational burden, and this factor is not 
currently used to guide treatment in patients 
with cutaneous squamous-cell carcinoma.71,74,75 

Improved median overall survival and sustained 
antitumor immune responses among long-term 
survivors have been reported for this drug class 
in the treatment of melanoma. Phase 3 clinical 
trials and long-term follow-up are needed to 
evaluate PD-1 inhibition in patients with cutane-
ous squamous-cell carcinoma.77,78

Use of PD-1 inhibitors in organ-transplant 
recipients and patients with hematologic cancers 
is controversial, which underscores the need for 
the development of novel therapeutic targets in 
these patients, who are at elevated risk for me-
tastasis and poor outcomes.79 However, immu-
notherapy is routinely used in patients with 
chronic lymphocytic leukemia or other hemato-
logic cancers, with the recognition that fewer 
patients may have a response.80 Organ-transplant 
recipients with advanced cutaneous squamous-
cell carcinoma may benefit from immunothera-
py, after extensive discussion of the potential for 
graft failure, which is reported to be as high as 
48% among kidney-transplant recipients. Clini-
cal trials are ongoing in this area.81,82 In two 
phase 2 studies of neoadjuvant PD-1 inhibition 
in patients with locally advanced cutaneous 
squamous-cell carcinoma, 51% and 75% of pa-
tients, respectively, had a pathological complete 
response.83,84 There are numerous ongoing clini-
cal trials of neoadjuvant and adjuvant immuno-
therapy (including intertumoral delivery), as well 
as the use of oncolytic viruses and new investi-
gational targeted inhibitors, in patients with 
high-risk cutaneous squamous-cell carcinoma.85

Surv eill a nce a nd Seconda r y 
Pr e v en tion

Cutaneous squamous-cell carcinoma recurs most 
commonly (70 to 80% of the time) within 2 years 
after the diagnosis. Therefore, ongoing, close 
clinical surveillance is recommended on the 
basis of the risks for local recurrence and me-
tastasis (Table 2).39,57,58 In addition to undergoing 
medical surveillance, patients are encouraged to 
perform monthly skin self-examinations and to 
adopt photoprotective practices.58 Special popu-
lations, such as organ-transplant recipients and 
patients with chronic lymphocytic leukemia, 
HIV infection, or other forms of immunosup-
pression, may warrant heightened surveillance.86 
Skin cancer has been identified as a chronic 
disease in high-risk persons who have five or 
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more skin cancers with clinically significant ef-
fects on quality of life and high rates of health 
care utilization.87 Persons at high risk for multiple 
lesions warrant close surveillance, as well as sec-
ondary prevention measures, which include 
cyclical therapy (e.g., topical fluorouracil, imi-
quimod, and photodynamic therapy) for precan-
cerous lesions and field cancerization and sys-
temic medications to prevent new skin cancers.

A randomized, controlled trial of oral nico-
tinamide showed a 30% reduction in new squa-
mous-cell carcinoma lesions and a 20% reduc-
tion in new basal-cell carcinoma lesions at 1 year, 
as compared with placebo.88 In prospective stud-
ies, oral retinoids (e.g., acitretin, isotretinoin, 
and etretinate) have been shown to reduce the 
number of new squamous-cell carcinoma lesions 
by up to 54% in patients, including organ-trans-
plant recipients and patients with skin cancer 
classified as chronic disease.89,90 As a result of 
cost, adverse effects, and rebound neoplasms, 
the use of systemic retinoids varies in clinical 
practice.89 Use of the HPV vaccine for the preven-
tion of skin cancer is off label and controversial, 
since HPV is thought to be a cofactor in the 
development of cutaneous squamous-cell carci-

noma rather than a direct carcinogen. However, 
case reports of a reduction in new skin cancers 
have been published, particularly in organ-trans-
plant recipients and other high-risk patients 
with cutaneous squamous-cell carcinoma.91 Fi-
nally, oral capecitabine has been shown to re-
duce the burden of new skin cancers in a small 
number of organ-transplant recipients.92

 Conclusions a nd Fu t ur e 
Dir ec tions

Squamous-cell carcinoma, with more than 1 mil-
lion new cases annually and mortality now ex-
ceeding that for melanoma, represents a major 
health care burden. The incidence, associated 
mortality, and economic impact of cutaneous 
squamous-cell carcinoma will continue to increase 
with the aging population and rising incidence 
of exogenous immunosuppression. Traditional 
surgical methods remain the standard of care 
for low-risk disease. Although recent advances 
have been made in the staging, evaluation, and 
management of cutaneous squamous-cell carci-
noma, there are opportunities to improve risk 
stratification for high-risk tumors and patients. 
With the ongoing development of new “omic” 
techniques, there will continue to be improve-
ments in identifying tumors that will metasta-
size and those that can be cured with outpatient 
surgery alone.

Future directions include the development of 
prognostic nomograms with patient-specific fac-
tors, a greater understanding of traditional and 
novel clinicopathological features and tumor biol-
ogy, and the identification of new tumor bio-
markers to help predict metastasis and poor 
outcomes in patients with cutaneous squamous-
cell carcinoma (Fig. 3). Although immune check-
point inhibitors have had a major impact on the 
treatment of locally advanced and metastatic 
disease, new targeted inhibitors are needed, 
particularly for organ-transplant recipients and 
other high-risk populations. Cutaneous squamous-
cell carcinoma is uniquely accessible through 
primary or neoadjuvant intralesional treatments 
(e.g., PD-1 inhibition and oncolytic viruses), and 
patients would benefit from the development of 
additional topical and other skin-directed thera-
pies. Finally, circulating tumor DNA and other 
biomarkers for identifying early metastasis or 
recurrence may have a role in cutaneous squa-

Figure 3. Future Directions in Prognosis and Treatment for Patients 
with Cutaneous Squamous-Cell Carcinoma.
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mous-cell carcinoma. Secondary prevention can 
be improved by the development of new topical 
therapies, devices, and oral medications to treat 
field cancerization and to help prevent new le-

sions in high-risk patients and those with skin 
cancer classified as chronic disease.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.

References
1.	 Stern RS. Prevalence of a history of 
skin cancer in 2007: results of an inci-
dence-based model. Arch Dermatol 2010;​
146:​279-82.
2.	 Rogers HW, Weinstock MA, Feldman 
SR, Coldiron BM. Incidence estimate of 
nonmelanoma skin cancer (keratinocyte 
carcinomas) in the U.S. population, 2012. 
JAMA Dermatol 2015;​151:​1081-6.
3.	 Karia PS, Han J, Schmults CD. Cuta-
neous squamous cell carcinoma: estimat-
ed incidence of disease, nodal metastasis, 
and deaths from disease in the United 
States, 2012. J Am Acad Dermatol 2013;​
68:​957-66.
4.	 Brougham NDLS, Dennett ER, Cam-
eron R, Tan ST. The incidence of metasta-
sis from cutaneous squamous cell carci-
noma and the impact of its risk factors.  
J Surg Oncol 2012;​106:​811-5.
5.	 Mourouzis C, Boynton A, Grant J, et al. 
Cutaneous head and neck SCCs and risk 
of nodal metastasis — UK experience.  
J Craniomaxillofac Surg 2009;​37:​443-7.
6.	 Joseph MG, Zulueta WP, Kennedy PJ. 
Squamous cell carcinoma of the skin of 
the trunk and limbs: the incidence of me-
tastases and their outcome. Aust N Z J 
Surg 1992;​62:​697-701.
7.	 Tokez S, Wakkee M, Kan W, et al. Cu-
mulative incidence and disease-specific 
survival of metastatic cutaneous squa-
mous cell carcinoma: a nationwide cancer 
registry study. J Am Acad Dermatol 2022;​
86:​331-8.
8.	 Garrett GL, Blanc PD, Boscardin J,  
et al. Incidence of and risk factors for skin 
cancer in organ transplant recipients in 
the United States. JAMA Dermatol 2017;​
153:​296-303.
9.	 Genders RE, Weijns ME, Dekkers OM, 
Plasmeijer EI. Metastasis of cutaneous 
squamous cell carcinoma in organ trans-
plant recipients and the immunocompe-
tent population: is there a difference?  
a systematic review and meta-analysis.  
J Eur Acad Dermatol Venereol 2019;​33:​
828-41.
10.	 Clayman GL, Lee JJ, Holsinger FC, et al. 
Mortality risk from squamous cell skin 
cancer. J Clin Oncol 2005;​23:​759-65.
11.	 Robsahm TE, Helsing P, Veierød MB. 
Cutaneous squamous cell carcinoma in 
Norway 1963–2011: increasing incidence 
and stable mortality. Cancer Med 2015;​4:​
472-80.
12.	Tokez S, Hollestein L, Louwman M, 
Nijsten T, Wakkee M. Incidence of multi-
ple vs first cutaneous squamous cell car-
cinoma on a nationwide scale and estima-

tion of future incidences of cutaneous 
squamous cell carcinoma. JAMA Derma-
tol 2020;​156:​1300-6.
13.	 Muzic JG, Schmitt AR, Wright AC, et al. 
Incidence and trends of basal cell carci-
noma and cutaneous squamous cell car-
cinoma: a population-based study in 
Olmsted County, Minnesota, 2000 to 
2010. Mayo Clin Proc 2017;​92:​890-8.
14.	 Kosmadaki MG, Gilchrest BA. The de-
mographics of aging in the United States: 
implications for dermatology. Arch Der-
matol 2002;​138:​1427-8.
15.	 Stang A, Khil L, Kajüter H, et al. Inci-
dence and mortality for cutaneous squa-
mous cell carcinoma: comparison across 
three continents. J Eur Acad Dermatol 
Venereol 2019;​33:​Suppl 8:​6-10.
16.	 Gray DT, Suman VJ, Su WP, Clay RP, 
Harmsen WS, Roenigk RK. Trends in the 
population-based incidence of squamous 
cell carcinoma of the skin first diagnosed 
between 1984 and 1992. Arch Dermatol 
1997;​133:​735-40.
17.	 Higgins S, Nazemi A, Chow M, 
Wysong A. Review of nonmelanoma skin 
cancer in African Americans, Hispanics, 
and Asians. Dermatol Surg 2018;​44:​903-
10.
18.	Gloster HM Jr, Neal K. Skin cancer in 
skin of color. J Am Acad Dermatol 2006;​
55:​741-60.
19.	 Armstrong BK, Kricker A. The epide-
miology of UV induced skin cancer. J Pho-
tochem Photobiol B 2001;​63:​8-18.
20.	 Stern RS;​ PUVA Follow-Up Study. The 
risk of squamous cell and basal cell can-
cer associated with psoralen and ultravio-
let A therapy: a 30-year prospective study. 
J Am Acad Dermatol 2012;​66:​553-62.
21.	Wehner MR, Shive ML, Chren M-M, 
Han J, Qureshi AA, Linos E. Indoor tan-
ning and non-melanoma skin cancer: sys-
tematic review and meta-analysis. BMJ 
2012;​345:​e5909.
22.	Lim JL, Asgari M. Cutaneous squa-
mous cell carcinoma: epidemiology and 
risk factors. Waltham, MA:​ UpToDate, 
2023 (https://www​.uptodate​.com/​contents/​
cutaneous​-squamous​-cell​-carcinoma​
-epidemiology​-and​-risk​-factors).
23.	Hussain SK, Sundquist J, Hemminki 
K. The effect of having an affected parent 
or sibling on invasive and in situ skin can-
cer risk in Sweden. J Invest Dermatol 
2009;​129:​2142-7.
24.	 Sordillo JE, Kraft P, Wu AC, Asgari 
MM. Quantifying the polygenic contribu-
tion to cutaneous squamous cell carcinoma 
risk. J Invest Dermatol 2018;​138:​1507-10.

25.	 Lobl MB, Hass B, Clarey D, Higgins S, 
Wysong A. Next-generation sequencing 
identifies novel single nucleotide poly-
morphisms in high-risk cutaneous squa-
mous cell carcinoma: a pilot study. Exp 
Dermatol 2020;​29:​667-71.
26.	 Sanders ML, Karnes JH, Denny JC, 
Roden DM, Ikizler TA, Birdwell KA. Clin-
ical and genetic factors associated with 
cutaneous squamous cell carcinoma in 
kidney and heart transplant recipients. 
Transplant Direct 2015;​1(4):​e13.
27.	 Lobl MB, Clarey D, Schmidt C, Wich-
man C, Wysong A. Analysis of mutations 
in cutaneous squamous cell carcinoma 
reveals novel genes and mutations associ-
ated with patient-specific characteristics 
and metastasis: a systematic review. Arch 
Dermatol Res 2022;​314:​711-8.
28.	Massey PR, Schmults CD, Li SJ, et al. 
Consensus-based recommendations on the 
prevention of squamous cell carcinoma in 
solid organ transplant recipients: a Delphi 
consensus statement. JAMA Dermatol 
2021;​157:​1219-26.
29.	 Perez M, Abisaad JA, Rojas KD, Mar-
chetti MA, Jaimes N. Skin cancer: pri-
mary, secondary, and tertiary prevention. 
J Am Acad Dermatol 2022;​87:​255-68.
30.	 Thompson AK, Kelley BF, Prokop LJ, 
Murad MH, Baum CL. Risk factors for cu-
taneous squamous cell carcinoma recur-
rence, metastasis, and disease-specific 
death: a systematic review and meta-analy-
sis. JAMA Dermatol 2016;​152:​419-28.
31.	 Feinstein S, Higgins S, Ahadiat O, 
Wysong A. A retrospective cohort study of 
cutaneous squamous cell carcinoma with 
lymph node metastasis: risk factors and 
clinical course. Dermatol Surg 2019;​45:​
772-81.
32.	 Lobl M, Feinstein S, Lauer S, Sutton A, 
Wysong A. Recurrence status, perineural 
invasion, and hypothyroidism are associ-
ated with lymph node metastasis in cuta-
neous squamous cell carcinoma: a case–
control study. Dermatol Surg 2022;​48:​
381-6.
33.	 Tokez S, Venables ZC, Hollestein LM, 
et al. Risk factors for metastatic cutane-
ous squamous cell carcinoma: refinement 
and replication based on 2 nationwide 
nested case-control studies. J Am Acad 
Dermatol 2022;​87:​64-71.
34.	 Schmults CD, Karia PS, Carter JB, 
Han J, Qureshi AA. Factors predictive of 
recurrence and death from cutaneous 
squamous cell carcinoma: a 10-year, single-
institution cohort study. JAMA Dermatol 
2013;​149:​541-7.

The New England Journal of Medicine 
Downloaded from nejm.org at HINARI-Ethiopia on June 19, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med 388;24  nejm.org  June 15, 20232272

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

35.	 Jambusaria-Pahlajani A, Kanetsky PA, 
Karia PS, et al. Evaluation of AJCC tumor 
staging for cutaneous squamous cell car-
cinoma and a proposed alternative tumor 
staging system. JAMA Dermatol 2013;​
149:​402-10.
36.	 Breuninger H, Brantsch K, Eigentler 
T, Häfner H-M. Comparison and evalua-
tion of the current staging of cutaneous 
carcinomas. J Dtsch Dermatol Ges 2012;​
10:​579-86.
37.	 Conde-Ferreirós A, Corchete LA, Jaka 
A, et al. Patterns of incidental perineural 
invasion and prognosis in cutaneous 
squamous cell carcinoma: a multicenter, 
retrospective cohort study. J Am Acad 
Dermatol 2021;​84:​1708-12.
38.	Amin MB, Greene FL, Edge SB, et al. 
The eighth edition AJCC Cancer Staging 
Manual: continuing to build a bridge 
from a population-based to a more “per-
sonalized” approach to cancer staging. 
CA Cancer J Clin 2017;​67:​93-9.
39.	 National Comprehensive Cancer Net-
work. Squamous cell skin cancer, NCCN 
guidelines version 2.2022. In: NCCN clin-
ical practice guidelines in oncology. 2022 
(https://www​.nccn​.org/​guidelines/​nccn​
-guidelines)
40.	Ruiz ES, Karia PS, Besaw R, Schmults 
CD. Performance of the American Joint 
Committee on Cancer Staging Manual, 
8th edition vs the Brigham and Women’s 
Hospital tumor classification system for 
cutaneous squamous cell carcinoma. 
JAMA Dermatol 2019;​155:​819-25.
41.	 Cañueto J, Burguillo J, Moyano-Bueno 
D, et al. Comparing the eighth and the 
seventh editions of the American Joint 
Committee on Cancer staging system and 
the Brigham and Women’s Hospital alter-
native staging system for cutaneous squa-
mous cell carcinoma: implications for 
clinical practice. J Am Acad Dermatol 
2019;​80(1):​106.e2-113.e2.
42.	Roscher I, Falk RS, Vos L, et al. Vali-
dating 4 staging systems for cutaneous 
squamous cell carcinoma using popula-
tion-based data: a nested case-control 
study. JAMA Dermatol 2018;​154:​428-34.
43.	 Venables ZC, Tokez S, Hollestein LM, 
et al. Validation of four cutaneous squa-
mous cell carcinoma staging systems us-
ing nationwide data. Br J Dermatol 2022;​
186:​835-42.
44.	Schmitt AR, Brewer JD, Bordeaux JS, 
Baum CL. Staging for cutaneous squa-
mous cell carcinoma as a predictor of sen-
tinel lymph node biopsy results: meta-
analysis of American Joint Committee on 
Cancer criteria and a proposed alternative 
system. JAMA Dermatol 2014;​150:​19-24.
45.	 O’Connor DM, Murad F, Danesh MJ, 
et al. Immune status does not indepen-
dently influence cutaneous squamous cell 
carcinoma metastasis and death when 
stratified by tumor stage: a dual-center 
retrospective cohort analysis of primary 

N0 disease. J Am Acad Dermatol 2022;​87:​
1295-302.
46.	Smile TD, Ruiz ES, Kus KJB, et al. Im-
plications of satellitosis or in-transit me-
tastasis in cutaneous squamous cell carci-
noma: a prognostic omission in cancer 
staging systems. JAMA Dermatol 2022;​
158:​390-4.
47.	 Wysong A, Newman JG, Covington 
KR, et al. Validation of a 40-gene expres-
sion profile test to predict metastatic risk 
in localized high-risk cutaneous squa-
mous cell carcinoma. J Am Acad Derma-
tol 2021;​84:​361-9.
48.	Ruiz ES, Karia PS, Morgan FC, Sch-
mults CD. The positive impact of radio-
logic imaging on high-stage cutaneous 
squamous cell carcinoma management.  
J Am Acad Dermatol 2017;​76:​217-25.
49.	 Maher JM, Schmults CD, Murad F, 
Karia PS, Benson CB, Ruiz ES. Detection 
of subclinical disease with baseline and 
surveillance imaging in high-risk cutane-
ous squamous cell carcinomas. J Am Acad 
Dermatol 2020;​82:​920-6.
50.	 Luk PP, Ebrahimi A, Veness MJ, et al. 
Prognostic value of the 8th edition Ameri-
can Joint Commission Cancer nodal stag-
ing system for patients with head and 
neck cutaneous squamous cell carcino-
ma: a multi-institutional study. Head 
Neck 2021;​43:​558-67.
51.	 Ebrahimi A, Luk PP, Low H, et al. A 
critical analysis of the 8th edition TNM 
staging for head and neck cutaneous 
squamous cell carcinoma with lymph 
node metastases and comparison to N1S3 
stage and ITEM risk score: a multicenter 
study. J Surg Oncol 2021;​123:​1531-9.
52.	 Fox M, Brown M, Golda N, et al. Nod-
al staging of high-risk cutaneous squa-
mous cell carcinoma. J Am Acad Derma-
tol 2019;​81:​548-57.
53.	 Ahadiat O, Higgins S, Sutton A, Ly A, 
Wysong A. SLNB in cutaneous SCC: a re-
view of the current state of literature and 
the direction for the future. J Surg Oncol 
2017;​116:​344-50.
54.	Ross AS, Schmults CD. Sentinel 
lymph node biopsy in cutaneous squa-
mous cell carcinoma: a systematic review 
of the English literature. Dermatol Surg 
2006;​32:​1309-21.
55.	 Brunner M, Veness MJ, Ch’ng S, El-
liott M, Clark JR. Distant metastases from 
cutaneous squamous cell carcinoma — 
analysis of AJCC stage IV. Head Neck 
2013;​35:​72-5.
56.	Wackel M, Plampton K, Georgesen C, 
Wysong A, Whitley MJ. Metastatic squa-
mous cell carcinoma is associated with a 
lower disease-specific survival in immu-
nosuppressed patients: a matched case-
control study. J Am Acad Dermatol 2022;​
87:​1410-1.
57.	 Stratigos AJ, Garbe C, Dessinioti C,  
et al. European interdisciplinary guide-
line on invasive squamous cell carcinoma 

of the skin. 2. Treatment. Eur J Cancer 
2020;​128:​83-102.
58.	Kim JYS, Kozlow JH, Mittal B, Moyer 
J, Olenecki T, Rodgers P. Guidelines of 
care for the management of cutaneous 
squamous cell carcinoma. J Am Acad Der-
matol 2018;​78:​560-78.
59.	 Likhacheva A, Awan M, Barker CA,  
et al. Definitive and postoperative radia-
tion therapy for basal and squamous cell 
cancers of the skin: executive summary of 
an American Society for Radiation Oncol-
ogy clinical practice guideline. Pract Ra-
diat Oncol 2020;​10:​8-20.
60.	Lansbury L, Leonardi-Bee J, Perkins 
W, Goodacre T, Tweed JA, Bath-Hextall FJ. 
Interventions for non-metastatic squa-
mous cell carcinoma of the skin. Cochrane 
Database Syst Rev 2010;​4:​CD007869.
61.	 Tschetter AJ, Campoli MR, Zitelli JA, 
Brodland DG. Long-term clinical out-
comes of patients with invasive cutaneous 
squamous cell carcinoma treated with 
Mohs micrographic surgery: a 5-year, 
multicenter, prospective cohort study.  
J Am Acad Dermatol 2020;​82:​139-48.
62.	Lansbury L, Bath-Hextall F, Perkins 
W, Stanton W, Leonardi-Bee J. Interven-
tions for non-metastatic squamous cell 
carcinoma of the skin: systematic review 
and pooled analysis of observational 
studies. BMJ 2013;​347:​f6153.
63.	 Connolly SM, Baker DR, Coldiron BM, 
et al. AAD/ACMS/ASDSA/ASMS 2012 ap-
propriate use criteria for Mohs micro-
graphic surgery: a report of the American 
Academy of Dermatology, American Col-
lege of Mohs Surgery, American Society 
for Dermatologic Surgery Association, 
and the American Society for Mohs Sur-
gery. J Am Acad Dermatol 2012;​67:​531-50.
64.	Harris BN, Pipkorn P, Nguyen KNB,  
et al. Association of adjuvant radiation 
therapy with survival in patients with ad-
vanced cutaneous squamous cell carcino-
ma of the head and neck. JAMA Otolar-
yngol Head Neck Surg 2019;​145:​153-8.
65.	 Ruiz ES, Kus KJB, Smile TD, et al. Ad-
juvant radiation following clear margin 
resection of high T-stage cutaneous squa-
mous cell carcinoma halves the risk of 
local and locoregional recurrence: a dual-
center retrospective study. J Am Acad Der-
matol 2022;​87:​87-94.
66.	Trosman SJ, Zhu A, Nicolli EA, Leibo
witz JM, Sargi ZB. High-risk cutaneous 
squamous cell cancer of the head and 
neck: risk factors for recurrence and im-
pact of adjuvant treatment. Laryngoscope 
2021;​131(1):​E136-E143.
67.	 Jarkowski A III, Hare R, Loud P, et al. 
Systemic therapy in advanced cutaneous 
squamous cell carcinoma (CSCC): the Ros
well Park experience and a review of the 
literature. Am J Clin Oncol 2016;​39:​545-8.
68.	Cowey CL, Robert NJ, Espirito JL, et al. 
Clinical outcomes among unresectable, 
locally advanced, and metastatic cutane-

The New England Journal of Medicine 
Downloaded from nejm.org at HINARI-Ethiopia on June 19, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 



n engl j med 388;24  nejm.org  June 15, 2023 2273

Squamous-Cell Carcinoma of the Skin

ous squamous cell carcinoma patients 
treated with systemic therapy. Cancer 
Med 2020;​9:​7381-7.
69.	 Trodello C, Pepper J-P, Wong M, 
Wysong A. Cisplatin and cetuximab treat-
ment for metastatic cutaneous squamous 
cell carcinoma: a systematic review. Der-
matol Surg 2017;​43:​40-9.
70.	 Trodello C, Higgins S, Ahadiat O, et al. 
Cetuximab as a component of multimo-
dality treatment of high-risk cutaneous 
squamous cell carcinoma: a retrospective 
analysis from a single tertiary academic 
medical center. Dermatol Surg 2019;​45:​
254-67.
71.	 Rischin D, Migden MR, Lim AM, et al. 
Phase 2 study of cemiplimab in patients 
with metastatic cutaneous squamous cell 
carcinoma: primary analysis of fixed-
dosing, long-term outcome of weight-
based dosing. J Immunother Cancer 2020;​
8(1):​e000775.
72.	Hughes BGM, Munoz-Couselo E, 
Mortier L, et al. Pembrolizumab for lo-
cally advanced and recurrent/metastatic 
cutaneous squamous cell carcinoma 
(KEYNOTE-629 study): an open-label, 
nonrandomized, multicenter, phase II 
trial. Ann Oncol 2021;​32:​1276-85.
73.	Migden MR, Rischin D, Schmults CD, 
et al. PD-1 blockade with cemiplimab in 
advanced cutaneous squamous-cell carci-
noma. N Engl J Med 2018;​379:​341-51.
74.	 Migden MR, Khushalani NI, Chang 
ALS, et al. Cemiplimab in locally ad-
vanced cutaneous squamous cell carcino-
ma: results from an open-label, phase 2, 
single-arm trial. Lancet Oncol 2020;​21:​
294-305.
75.	 In GK, Vaidya P, Filkins A, et al. PD-1 
inhibition therapy for advanced cutane-
ous squamous cell carcinoma: a retro-
spective analysis from the University of 
Southern California. J Cancer Res Clin 
Oncol 2021;​147:​1803-11.

76.	 Salzmann M, Leiter U, Loquai C, et al. 
Programmed cell death protein 1 inhibi-
tors in advanced cutaneous squamous cell 
carcinoma: real-world data of a retrospec-
tive, multicenter study. Eur J Cancer 2020;​
138:​125-32.
77.	 Larkin J, Chiarion-Sileni V, Gonzalez 
R, et al. Five-year survival with combined 
nivolumab and ipilimumab in advanced 
melanoma. N Engl J Med 2019;​381:​1535-
46.
78.	Hamid O, Robert C, Daud A, et al. 
Five-year survival outcomes for patients 
with advanced melanoma treated with 
pembrolizumab in KEYNOTE-001. Ann 
Oncol 2019;​30:​582-8.
79.	 Lobl MB, Clarey DD, Higgins S, Sut-
ton A, Wysong A. Sequencing of cutane-
ous squamous cell carcinoma primary 
tumors and patient-matched metastases 
reveals ALK as a potential driver in metas-
tases and low mutational concordance in 
immunocompromised patients. JID Innov 
2022;​2:​100122.
80.	Hober C, Fredeau L, Pham-Ledard A, 
et al. Cemiplimab for locally advanced 
and metastatic cutaneous squamous-cell 
carcinomas: real-life experience from the 
French CAREPI Study Group. Cancers 
(Basel) 2021;​13:​3547.
81.	 Kawashima S, Joachim K, Abdelrahim 
M, Abudayyeh A, Jhaveri KD, Murakami N. 
Immune checkpoint inhibitors for solid 
organ transplant recipients: clinical up-
dates. Korean J Transplant 2022;​36:​82-98.
82.	Nguyen LS, Ortuno S, Lebrun-Vignes 
B, et al. Transplant rejections associated 
with immune checkpoint inhibitors: a 
pharmacovigilance study and systematic 
literature review. Eur J Cancer 2021;​148:​
36-47.
83.	 Gross ND, Miller DM, Khushalani NI, 
et al. Neoadjuvant cemiplimab for stage II 
to IV cutaneous squamous-cell carcino-
ma. N Engl J Med 2022;​387:​1557-68.

84.	Ferrarotto R, Amit M, Nagarajan P,  
et al. Pilot phase II trial of neoadjuvant 
immunotherapy in locoregionally ad-
vanced, resectable cutaneous squamous 
cell carcinoma of the head and neck. Clin 
Cancer Res 2021;​27:​4557-65.
85.	Newman JG, Hall MA, Kurley SJ, et al. 
Adjuvant therapy for high-risk cutaneous 
squamous cell carcinoma: 10-year review. 
Head Neck 2021;​43:​2822-43.
86.	Behan JW, Sutton A, Wysong A. Man-
agement of skin cancer in the high-risk 
patient. Curr Treat Options Oncol 2016;​
17:​60.
87.	 Sutton A, Crew A, Higgins S, Kwong 
A, Wysong A. Chronic nonmelanoma skin 
cancers and health-related impairment:  
a case-control study. J Am Acad Dermatol 
2019;​80:​554-6.
88.	Chen AC, Martin AJ, Choy B, et al. A 
phase 3 randomized trial of nicotinamide 
for skin-cancer chemoprevention. N Engl 
J Med 2015;​373:​1618-26.
89.	 Badri O, Schmults CD, Karia PS, Ruiz 
ES. Efficacy and cost analysis for acitretin 
for basal and squamous cell carcinoma 
prophylaxis in renal transplant recipients. 
Dermatol Surg 2021;​47:​125-6.
90.	Rojas KD, Perez ME, Marchetti MA, 
Nichols AJ, Penedo FJ, Jaimes N. Skin can-
cer: primary, secondary, and tertiary pre-
vention. J Am Acad Dermatol 2022;​87:​
271-88.
91.	 Nichols AJ, Allen AH, Shareef S, Badia
vas EV, Kirsner RS, Ioannides T. Associa-
tion of human papillomavirus vaccine 
with the development of keratinocyte 
carcinomas. JAMA Dermatol 2017;​153:​
571-4.
92.	Endrizzi B, Ahmed RL, Ray T, Dudek 
A, Lee P. Capecitabine to reduce nonmela-
noma skin carcinoma burden in solid or-
gan transplant recipients. Dermatol Surg 
2013;​39:​634-45.
Copyright © 2023 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at HINARI-Ethiopia on June 19, 2023. For personal use only. No other uses without permission. 

 Copyright © 2023 Massachusetts Medical Society. All rights reserved. 


