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Abstract

Background: Cutaneous squamous cell carcinoma of the head/neck

(CSCCHN) is common due to chronic sun exposure. As CSCCHN highly

expresses EGFR, we prospectively studied postoperative concurrent cetuximab

with radiotherapy for locally advanced CSCCHN (LA-CSCCHN).

Materials and methods: Single-institutional phase II trial of LA-CSCCHN

(NCT XXXX). Adjuvant radiation was given with concurrent cetuximab. Pri-

mary endpoint of 2-year LRC and secondary objectives of 2-year disease-free

survival (DFS) and 2-year OS were assessed by Kaplan–Meier analysis.

Results: Twenty-four patients ages 47–88 (median 71 years) were treated from

2014 to 2017. Fourteen patients had T3/4 disease, 5 had N1 disease, and 7 were

N2/3. At median follow-up of 42 months, median OS and DFS was not reached

and 64 months. Two-year OS was 75%, 2-year DFS was 70.8%. LRC was 91.1%

at 2 years. All grade 3 adverse events were related to skin toxicity (12.5%

radiation-related dermatitis, 16.7% cetuximab-related rash).

Conclusions: LRC compares favorably to historical data examining postopera-

tive radiation alone but requires further investigation.
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1 | INTRODUCTION

Skin cancer is the most common malignancy diagnosed
in the United States, with more than 5 million cases diag-
nosed in 3 million patients annually, and 1 in 5 Ameri-
cans developing a form of skin cancer by age 70.1 Of

these cases, over 1 million cases are squamous cell carci-
noma (SCC).2 Nearly 90% of cases of cutaneous SCC are
related to ultraviolet light.3 Immunosuppression is associ-
ated with increased incidence as well as earlier metastatic
spread noted in transplant patients.4 Although the vast
majority of nonmelanomatous skin cancers are locally
controlled via surgery, radiation, or topical medications,
there remains a higher-risk subset of patients who
require more intensive therapy.
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Approximately 3% of all cutaneous SCC cases pro-
gress to nodal metastases.5 Of cutaneous SCCs of the
head and neck (CSCCHNs), 60%–70% of metastatic nodes
present in the parotid gland, the drainage basin for many
high-risk sites around the ear, scalp, cheek, and temple.6

Worse prognosis for patients with CSCCHN has been
associated with involvement of the parotid gland, cervical
nodal metastases, immunosuppression, and bony inva-
sion.7,8 In retrospective series, overall survival (OS) at
2 years is significantly worse with advanced nodal dis-
ease, with 70%–80% OS for N1 parotid and/or neck
involvement, and only 25%–50% for patients with N2-3.7,8

While these patients are usually treated aggressively with
resection and adjuvant radiation, there remains no stan-
dard of care for systemic therapy in the adjuvant setting.
In the only large randomized study evaluating the addi-
tion of systemic therapy (carboplatin) to postoperative
radiation in these patients, no local control or survival
benefit was observed.9

Epidermal growth factor receptor (EGFR) is a trans-
membrane tyrosine kinase, which is activated by epider-
mal growth factor and transforming growth factor
(TGFα), and promotes cell proliferation, angiogenesis,
and inhibition of apoptosis through the Ras signaling
pathway.10 EGFR is constitutively expressed in normal
epithelial tissues, including the skin. Overexpression of
this receptor has been detected in many human cancers,
including SCC. Furthermore, there are data to suggest
that EGFR overexpression is associated with nodal pro-
gression, recurrence, and proliferation in cutaneous
SCC.11,12 Cetuximab is a monoclonal chimeric IgG1 anti-
body that binds and blocks EGFR.10 Cetuximab has pre-
viously been tested in large randomized phase III trials
for noncutaneous squamous cell carcinomas of the head
and neck with mixed results.13–15 Although promising,
all currently existing data on radiation with concurrent
cetuximab in cutaneous SCC are noted to derive from
small retrospective studies.16,17

The favorable toxicity profile of cetuximab and high
expression of EGFR in CSCCHN provided rationale for
intensified adjuvant therapy in LA-CSCCHN. Despite
early closure due to slow accrual, the current study pre-
sents the only prospective data evaluating concurrent
cetuximab with adjuvant radiation to date. The goal of this
trial was to establish the 2-year locoregional control rate
with the addition of concurrent cetuximab to radiotherapy
for LA-CSCCHN in the postoperative setting.

2 | MATERIALS AND METHODS

We conducted a single-institutional IRB-approved phase
II clinical trial (NCT XXX) of patients with high-risk

CSCCHN treated with adjuvant radiotherapy and concur-
rent cetuximab.

2.1 | Patient selection and inclusion/
exclusion criteria

Patients were enrolled into a single cohort after obtaining
informed consent. Eligible patients included those with
pathologically proven cutaneous SCC of the head and/or
neck with either invasion of skeletal muscle, cartilage, or
bone (T3-4), or positive lymph nodes (≥N1). While the
presence of immunosuppression as a risk factor was
allowed and recorded, immunosuppressed patients still
needed to meet pathologic criteria in order to be eligible.
Patients must have undergone gross total resection of dis-
ease with curative intent, with R0 or R1 resection allowed.
Patients with recurrent CSCCHN were allowed if they
had not received prior radiation. Computed tomography
of the chest or positron emission tomography was
required within 8 weeks prior to registration. Patients
were required to be examined by a head and neck sur-
geon, as well as either a medical or radiation oncologist
within 2 weeks of registration. Other eligibility criteria
included Zubrod performance status of 0–2, age > 18,
and adequate hematologic, hepatic, and renal function.
Patients were ineligible if they had a history of prior inva-
sive malignancy unless disease free for the previous
3 years (previous cutaneous BCC and SCC allowed).
Patients were also excluded if they had received previous
systemic chemotherapy or anti-EGFR therapy, or for
prior radiation to the region of interest. There were no
screen fails or early withdrawals after consent.

2.2 | Treatment planning and delivery

All patients underwent radiotherapy with concurrent
cetuximab after definitive resection. Patients were
enrolled within 9 weeks of surgery. Radiation was deliv-
ered using megavoltage photons, and electron therapy
and both 3D conformal or intensity-modulated radiation
therapy (IMRT) were allowed. The primary tumor bed
and postoperative neck plus a 1.5–2.0 cm margin were
treated to 60 Gy in 30 fractions. Lower risk volumes
were treated to 56 Gy in 1.85–2.0 Gy per day fractions.
Areas with close surgical margins or nodal extracapsular
extension were boosted to 66 Gy in daily fractions of
2.0–2.2 Gy per day at the discretion of the treating physi-
cian. Perineural invasion of named nerves was treated to
base of skull as per institutional and consensus guidelines
with microscopic PNI treated to 54–60 Gy and positive
margins along nerves treated to 60–66 Gy.18
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Cetuximab was given on Day 1 as an initial loading
dose of 400 mg/m2 1 week prior to starting radiation
therapy. During radiation, patients were given weekly
infusions of cetuximab at 250 mg/m2 for 6–7 doses.

2.3 | Follow-up

After completing combined adjuvant therapy, patients were
seen in follow-up at 1 and 3 months postradiation, then
every 3 months for the first 2 years, every 6 months during
the third year, and then annually for a total of 5 years.
Biopsy and/or imaging of any lesion(s) suspicious for tumor
recurrence was recommended but left to the discretion of
the treating physician. Adverse events resulting from treat-
ment were graded by the revised NCI Common Terminology
Criteria for Adverse Events (CTCAE), version 4.03.

2.4 | Study endpoints and statistical
considerations

The primary endpoint of this study was 2-year locoregional
control (LRC), defined as no evidence of recurrent cancer in
the tumor bed and/or neck as assessed via clinical exam and
imaging. Secondary endpoints included 2-year disease-free
survival (DFS), which was the absence of locoregional recur-
rence or metastatic disease (biopsied when possible). Two-
and five-year overall survival (OS) defined as the absence of
death from any cause during those respective time periods
was also recorded. All time-based endpoints were recorded
from the date of consent until last follow-up or death. Death
was recorded via the electronic medical record, local and
regional obituaries, and/or the Social Security Death Index.

The original patient accrual goal was for 110 patients;
however, due to lower than anticipated numbers of eligi-
ble patients and slow accrual, the trial was recommended
for closure in March 2018, and the data were allowed to
mature. Locoregional control and overall survival were
estimated by the Kaplan–Meier method. Based on institu-
tional historical data, the null hypothesis was for 65%
LRC at 2 years. Kaplan–Meier survival data and curves
were generated using SPSS version 26 (International
Business Machines Corp., Armonk, NY). Toxicity data
were tabulated and presented using descriptive statistics.

3 | RESULTS

3.1 | Patient population

From 2014 to 2017, 24 patients diagnosed with CSCCHN
were treated with adjuvant cetuximab and radiation.

Median patient age was 71 years (47–88 years). Of the
24 patients, 22 (91.7%) completed the full course of radiation
and 21 (87.5%) received all 6–7 cetuximab infusions. Four-
teen patients seen with advanced tumor classification
(T3-4), while seven patients had no evidence of a primary
tumor on their pre-enrollment resection (Tx). Lesions
ranged in size from 1 to 9.9 cm and were most often resected
from the cheek or nose region (nine patients) or temple and
scalp (six patients). Twelve patients seen with node positive
disease, including seven patients staged as N2-3. Over half
of the patients in this cohort were found to have peri-
neural invasion (PNI, 13 patients), 4 of which had named
nerve involvement, while invasion of the lymphovascular
space was recorded in six patients. Disease was considered
to be recurrent in 4 of the 24 patients. Two patients were
on immunosuppression regimens at enrollment. Table 1
contains the complete descriptive statistics for the cohort.

3.2 | Locoregional and distant
recurrence

Median follow-up was 42 months. LRC was 91.1% at 2 years
and 85.4% at 5 years. At the time of last follow-up, 6 of
24 patients had progressed: 2 locally, 3 distantly, and 1 patient
who failed both locally and distantly. Five of the six patients
with recurrence were noted to have PNI, and both patients
who failed locally were noted to have PNI. Of the four
patients with involvement of a named nerve, only one had
recurrence, and on retrospective review of the radiation plan,
this nerve was inadequately covered in target volumes.

3.3 | Overall and disease-free survival

The median OS for our patient cohort was not reached
after a median follow-up of 42 months. At the cutoff
point for data collection, nine patients had died and five
of these were without evidence of disease progression,
while four had died with progression. The 2-year OS was
75%, and 5-year OS was 63.6% (Figure 1). Median DFS
for this group was 64 months. Overall, 2-year DFS was
70.8%, and 5-year DFS was 56.1% (Figure 2). Of the two
immunosuppressed patients, one died without evidence
of disease 39 months later, while the other developed
dural recurrence at 6 months post-treatment and died at
14 months. Patient outcomes are detailed in Table 2.

3.4 | Toxicity

There were no grade 4–5 toxicities. Overall, 8 grade 3 tox-
icities were recorded in seven patients (29.2%). Four
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TABLE 1 Patient characteristics Subcategory Patients (n = 24) %

Sex Male 22 91.7

Female 2 8.3

Age Mean = 69.1

Median = 71.6

Range: 47–88 years

Lesion size Mean = 3.67 cm

Median = 3.2 cm

Range: 1.0–9.9 cm

# of lesions 1 17 70.8

2 6 25

3 1 4.2

Primary site Parotid or neck recurrence 4 16.7

Cheek/nose 9 37.5

Neck 2 8.3

Scalp/temple 6 25.0

Ear 3 12.5

Recurrent disease No 20 83.3

Yes 4 16.7

Tumor stage 1–2 3 12.5

3 6 25.0

4 8 33.3

x 7a 29.2

Nodal stage 0 11 45.8

1 5 20.8

2–3 7 29.2

x 1 4.2

Margins Clear by >1 mm 6 25

Close (≤1 mm) 9 37.5

Involved 6 25

Unknown 3 12.5

Lymphovascular space invasion Absent 12 50

Present 6 25

Unknown 6 25

Perineural invasion Absent 6 25.0

Present 13 54.2

Named nerve involvement 4 16.7

Unknown 5 20.8

Tumor grade Well differentiated 1 4.2

Moderately differentiated 8 33.3

Poorly differentiated 9 37.5

Unknown 6 25

aTx lesions and unknown primary sites may not match up in cases where a primary was removed and
subsequently developed nodal metastases which required a second surgery.
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(16.7%) were attributable to cetuximab-related acneiform
rash, three (12.5%) due to radiation dermatitis, and one
instance of grade 3 mucositis was recorded. Grade 2 radia-
tion-related skin effects were observed in 37.5% of

patients, grade 2 cetuximab-related rash was observed in
45.8% of patients, while grade 2 mucositis was recorded
in 37.5%, and xerostomia in 16.7% of patients. Full toxic-
ity data are presented in Table 3.

FIGURE 1 Kaplan–Meier curve of

overall survival in all patients receiving

radiation and concurrent cetuximab

FIGURE 2 Kaplan–Meier curve of

disease-free survival in all patients

receiving radiation and concurrent

cetuximab

TABLE 2 Patient outcomesResults LRC OS DFS

2-year 91.1% (80–100)a 75.0% (59.5–94.5) 70.8% (54.8–91.6)

5-year 85.4% (71.3–100) 63.6% (45.9–88.2) 56.1% (38.7–81.3)

Median Not reached Not reached 63.6 months

Abbreviations: DFS, disease-free survival; LRC, locoregional control; OS, overall survival.
a95% confidence interval (CI).
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4 | DISCUSSION

In this prospective single-institution/single-arm trial of
adjuvant radiation combined with weekly cetuximab for
locally advanced CSCCHN, the addition of cetuximab
resulted in a 91.1% 2-year LRC rate. Our 2-year LRC as
well as disease-free survival of 70.8% also compared
favorably to historical data examining adjuvant radiation
alone, which reports control rates of 70%–80% and DFS
of 50%–70% (Table 4).7,8,16 As the first reported prospec-
tive data on the use of adjuvant cetuximab with concur-
rent radiation for CSCCHN, this treatment regimen holds
promise for the treatment of patients with CSCCHN at
high risk for disease recurrence.

While the vast majority of CSCCHN lesions are cured
with surgical, radiotherapeutic, or topical approaches,
control of these lesions diminishes with advanced tumor
stage. In a cohort of 994 SCC and 712 BCC T1-2 lesions
treated with 35 Gy in 5–7 fractions using 80 kV photons,
the 5-year local recurrence rate was �5%–6%.19 However,
with more invasive T3 and T4 lesions, the 5-year local
control falls to 72%–83% for T3 tumors and 29%–54% for
T4 tumors with radical radiation therapy alone.20

Increasing nodal involvement also portends a worse

prognosis, with retrospective data demonstrating 70%–
80% 2-year OS for N1 parotid and/or neck involvement,
and 25%–50% for patients with N2-3.7,8

Despite the rising incidence of LA-CSCCHN, there
remains no consensus standard of care for optimal post-
operative systemic therapy. While large randomized trials
have evaluated the use of adjuvant chemoradiotherapy in
mucosal HNSCC, the evidence supporting the use of
postoperative concurrent therapy in cutaneous SCC is
limited and largely retrospective.16 TROG 05.01 sought to
determine whether the addition of concurrent car-
boplatin (AUC 2) to postoperative radiation improves
LRC in high-risk CSCCHN.9 Of 321 patients, 77% had
high-risk nodal features while 19% had an advanced pri-
mary (remaining 4% had both). The authors found no sig-
nificant improvement of local control, DFS, or OS with
the addition of systemic carboplatin at 5 years. Despite
our cohort having a much higher rate of advanced pri-
maries, our 2-year locoregional control rate of 91.1% is
comparable to TROG 05.01, which reported 88%. Given
the high rates of control with radiation alone, the popula-
tion of TROG 05.01 may represent a lower-risk group
than is classically seen in this population as 68 patients
on the RT arm had nodal disease limited to the parotid

TABLE 3 Acute toxicities of

treatment
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Radiation dermatitis 12 9 3 0 0

Acneiform rash 7 11 4 0 0

Mucositis 4 9 1 0 0

Dysphagia 4 3 0 0 0

Xerostomia 7 4 0 0 0

Odynophagia 7 1 0 0 0

Eye 5 1 0 0 0

Nausea 3 1 0 0 0

TABLE 4 Comparison to historical data

Current study,
Cetux ± RT
(24 pts)

Palmer et al.,
RT alone
(39 pts)

Palmer et al.,
Cetux ± RT
(29 pts)17

Samstein et al.,
Cetux ± RT
(12 pts)26

TROG 05.01,
RT alone
(157 pts)

TROG 05.01,
CarboP + RT
(153 pts)

2-year PFS 70.8% (DFS) 53% 72% Not reported 78% (DFS) 83% (DFS)

5-year PFS 56.1% (DFS) 29% 66% Med PFS 6.4 months 67% (DFS) 73% (DFS)

2-year OS 75% 73% 80% 40% 88% 88%

5-year OS 63.6% 61% 80% Med OS 8.0 months 76% 79%

2-year LRC 91.1% 74% (FFLR) 83% (FFLR) 91% (DCR) 88% (FFLRR) 89% (FFLRR)

5-year LRC 85.4% 54% (FFLR) 77% (FFLR) 83% (FFLRR) 87% (FFLRR)

Prospective Retrospective Retrospective Retrospective Prospective Prospective

Abbreviations: CarboP, carboplatin; DCR, disease control rate; DFS, disease-free survival; FFLR, freedom from local recurrence; FFLRR, freedom from
locoregional recurrence; OS, overall survival; PFS, progression-free survival.
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gland without cervical lymphadenopathy. Toxicity was
also significantly higher in the TROG population than in
our current study.

Elsewhere in the literature, retrospective data examining
the use of concurrent systemic therapy show promise, but is
limited by sample size. A retrospective study of 61 patients
who received adjuvant radiation or chemoradiation with
cisplatin or carboplatin noted no OS benefit to the addition
of chemotherapy. Median recurrence-free survival was
extended from 15 to 40 months, largely due to improved
locoregional control.17 Another retrospective study exam-
ined 23 patients with LA-CSCCHN treated with cetuximab
or platinum-based chemoradiation in either the definitive
or adjuvant setting. Although the difference was not signifi-
cant, cetuximab demonstrated a numerically higher 2-year
DFS (50% vs. 30%) and OS (73% vs. 40%).21 Given the lack
of robust phase III randomized data in the LA-CSCCHN
setting, there is currently no category 1/2A recommenda-
tions by the National Comprehensive Cancer Network
(NCCN) for adjuvant chemoradiotherapy.22

While carboplatin was not found to improve survival
or locoregional control in LA-CSCCHN, cetuximab, the
EGFR antagonist, may offer some benefits in improving
disease control. EGFR is constitutively expressed in nor-
mal skin tissues. Overexpression of this receptor has been
detected in SCCs and there is data to suggest that EGFR
overexpression is associated with nodal progression, stage
progression, and proliferation in CSCC.11,12

The use of EGFR-targeted therapy was previously
examined in a single-arm phase II study using single-agent
cetuximab in unresectable or metastatic CSCC of any site.
Sixty-nine percent of patients were noted to have stable or
improved disease at 6 weeks, and 28% of all patients even-
tually had a partial or complete response. Interestingly,
tumor EGFR levels were not found to be associated with
response or survival.23 While this trial did not include
patients undergoing radiotherapy for comparison, over a
quarter of patients did respond to cetuximab-based treat-
ment alone. In another retrospective study of 68 patients
by Palmer et al. with LA-CSCCHN utilizing a propensity-
matched analysis, 2-year freedom from local recurrence
(FFLR) was found to be 74% in patients treated with radio-
therapy and 83% in those treated with radiation and
cetuximab.16 Two- and five-year PFS rates were 53% and
29% with radiation alone, and these improved to 72% and
66% in the cetuximab arm. While the overall cohort con-
tained only a quarter of patients with T3-4 tumors, there
did appear to be a benefit in those patients receiving
cetuximab, despite the cetuximab cohort having signifi-
cantly higher rates of nodal involvement and positive mar-
gins.16 Our prospective data corroborate and slightly
improve upon the results of Palmer et al. in a cohort with
more advanced primary tumors, noting a 2-year LRC of

91.1% compared to 83% in their review, as well as a similar
disease or progression-free survival at 2 years of 71%–72%.
Given the incremental improvements seen in disease con-
trol with cetuximab, radiation, and the combination of
both over either therapy alone, concurrent radiation with
cetuximab appears to be a reasonable option in resected
LA-CSCCHN.

Recent randomized evidence has also shown promise
for the use of anti-PD-1 immunotherapy. Cemiplimab
and pembrolizumab are recommended in cases where
curative surgery and radiation are not feasible, or in met-
astatic disease. Although early data appear to be promis-
ing in CSCC,24,25 non-PD-1 approaches remain essential
for instances when patients require immunosuppression
for history of solid organ transplant or autoimmune dis-
ease, or have other contraindications to immunotherapy.
The role of cemiplimab in the adjuvant setting for high-
risk CSCC (NCT03969004) is still being explored but as
above, will have limitations.

This study is prospective, but is a single-institution,
single-arm investigation. There was also a smaller than
expected sample size. Although median follow-up
approaches 4.5 years, it is also limited by significant mor-
tality in our cohort unrelated to CSCCHN, as five of nine
deceased patients had died without evidence of disease
progression. Given the generally advanced age of patients
on this trial with a median age of 71, this may not be
totally unexpected. Regardless of these limitations, our
data provide evidence that the addition of cetuximab to
adjuvant radiation may improve LRC in CSCCHN as
compared to adjuvant radiation alone.

5 | CONCLUSIONS

In this prospective trial of adjuvant cetuximab and radia-
tion for locally advanced cutaneous squamous cell carci-
noma of the head and neck, LRC, OS, and DFS compare
favorably to historical retrospective data which utilized
adjuvant radiation alone.7,8,16,26 Cetuximab-based radia-
tion was well-tolerated with a low rate of grade 3 effects
and no grade 4–5 toxicities. Despite a median age of
71, 87.5% of patients completed all cycles of cetuximab.
Based on these results, as well as previous data
suggesting high rates of EGFR expression in CSCC, adju-
vant radiation with concurrent cetuximab should be
explored further in a larger randomized study.
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