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Abstract
Background—The significance of EGFR expression in advanced cutaneous squamous cell
carcinoma (cSCC) of the head and neck remains poorly understood.

Methods—Retrospective review of patients with advanced stage (Stage III or IV) cSCC of the
head and neck (n = 56).

Results—The majority of patients (91%) had stage III disease, with 54% having regional
metastasis and 9% with distant metastasis. Two-year survival was 64% and the 5-year survival
was 56%. EGFR was found to be overexpressed in 56% of primary tumors and 58% of regional
metastatic disease. Overall survival did not correlate with EGFR (p = 0.47) expression in primary
lesions nor was it associated with an increase in regional (p = 0.74) or distant metastasis (p =
0.56). Furthermore, there was no correlation between clinicopathologic characteristics and EGFR
expression

Conclusion—This data does not suggest upregulation of EGFR is associated with poor survival
or aggressive disease.
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Introduction
With more than one million new cases reported each year, nonmelanoma skin cancer is the
most common diagnosed malignancy in the United States.(1) The majority of lesions (80–
90%) arise in the sun exposed areas of the head and neck(2) and are successfully treated by
complete tumor excision. However, there is small percentage of nonmelanoma skin cancers
which are refractory to standard surgical excision.(1, 3) Patients presenting with recurrent or
advanced stage disease are at increased risk for neck metastasis, poor local control and poor
outcome. The treatment for recurrent cutaneous squamous cell carcinoma (cSCC) often
includes aggressive surgery with postoperative radiation. This patient population, which is
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primarily elderly and therefore often plagued by co-morbidities, may not always be good
surgical candidates. Multiple studies have recently proposed that the use of targeted
therapies with non-overlapping toxicities be used in these patients. However, advanced
stage, aggressive cSCC are rare, limiting what is known about their biological behavior and
preventing more directed therapy. Although well understood in mucosal SCC, the
expression of epidermal growth factor receptor (EGFR) in advanced cSCC has not been
investigated.

Epidermal growth factor receptor is a transmembrane glycoprotein expressed in the majority
of epithelial malignancies including head and neck mucosal squamous cell carcinoma
(SCC).(4) Elevated EGFR mRNA is found in 92% of mucosal SCC tumors(5) and EGFR
levels are increased in poorly differentiated tumors and advanced-stage tumors.(6) High
expression of EGFR protein in mucosal SCC is associated with worse prognosis and
decreased disease-free survival.(5) The success of anti-EGFR therapy in mucosal SCC has
led to many clinical trials evaluating its potential benefit in cSCC. However, these trials are
based on histological rather than biological similarities between the two malignancies. To
address this uncertainty, we assessed EGFR expression in advanced stage cSCC in patients
that would be candidates for adjuvant chemotherapy.

Materials and Methods
Patient Selection

Following Institutional Review Board approval, a retrospective review of 56 patients who
presented between June 1998 and December 2007 with recurrent, advanced TMN stage (III
or IV) cSCC of the head and neck was performed at the University of Alabama at
Birmingham. Tumors were staged according to the American Joint Committee on Cancer
(AJCC)(7) guidelines and histology was confirmed by pathology.

Each patient underwent aggressive surgical resection and the majority required a neck
dissection and postoperative radiation. The indication for neck dissection was suspicion of
nodal metastasis on preoperative imaging or an advanced T classification of the lesion at
presentation. Recommendations for adjuvant radiation included a large primary tumor,
presence of more than one positive node on neck dissection, an inability to obtain negative
surgical margins or evidence of perineural or lymphovascular invasion.

Analyses of EGFR Expression by Immunohistochemistry
Immunohistochemistry (IHC) staining was performed to determine EGFR expression levels.
Samples were rehydrated in xylene, 95% ethanol, and 70% ethanol. Antigen retrieval was
accomplished in 1 mM EDTA, pH 9.0, for 5 minutes at 100°C. Samples were then allowed
to cool at room temperature and blocked with 5% BSA in TBST for 5 minutes at room
temperature. Primary antibody, EGFR antibody (Abcam, #27600), was applied at the
concentrations recommended and allowed to incubate for 1 hour. Secondary antibody
(Pierce goat anti-rabbit HRP, #32260) was applied for 40 minutes in a humidified chamber
at room temperature. DAB substrate was then applied to slides and allowed to incubate at
room temperature until appropriate color developed. Samples were then counterstained with
Harris Hematoxylin diluted 1:1 with tap water for 45 seconds. Finally, samples were
dehydrated and counted with Permount and allowed to dry overnight.

The EGFR staining intensity and quality was scored by two independent observers who
were blinded to the clinical parameters. Scoring values were assigned as follows: 0 = none
to < 10% of the tumor cells staining, 1+ = light (intensity) and incomplete (quality) staining
in > 10% of the tumor cells, 2+ = moderate and complete staining of > 10% of the tumor
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cells and 3+ = intense and complete staining > 10% (Figure 1).(8) Specimens were available
for 89% (n=50) of the primary tumors and 40% (n=12) of the nodal metastasis.

Statistical Analysis
Descriptive variables were summarized by mean, median and standard deviation (SD) for
continuous variables and n (%) for categorical variables. The relationship between EGFR
expression levels and clinicopathologic characteristics was calculated using the Fisher’s
Exact Test.

The relationship between patient, clinical and treatment factors, and cancer specific survival
was calculated by using the Kaplan-Meier method. Survival time was calculated as the
interval from date of surgery to date of death or date of last follow-up. Deaths due to other
causes were censored for these analyses. A p-value of < 0.05 was considered statistically
significant. All of the analyses were two-sided. Statistical analysis was performed using
SAS® Ver. 9.2 software (SAS Institute, Inc., Cary, NC).

Results
All patients underwent surgical resection of the cSCC lesion, and the majority were male
(86%, n=48) and elderly (73 ± 12 years). Common comorbidities were diabetes mellitus,
hypertension and hypercholesterolemia with 16% (n=9) having had a previous non-head and
neck SCC malignancy. The majority of patients (91%, n=51) were TMN stage III at initial
diagnosis with 54% (n=30) having evidence of regional metastasis and 9% (n=5) with
evidence of distant metastasis. Almost all underwent radiation therapy (91%, n=51) at some
point during treatment. A summary of patient characteristics can be found in Table 1.

Kaplan-Meier analysis of overall survival found a two-year survival rate of 64% and 5-year
survival rate of 56%. The median follow up was 14 months. Perineural invasion did not
correlate with primary tumor size or location, nodal metastasis did not correlate with
primary tumor size, and distant metastasis did not correlate with perineural invasion,
primary tumor size or location (unpublished data).

Analysis of the immunohistochemistry staining was performed to determine EGFR
expression levels (Figure 1). A total of 36% (n=18/50) of the primary tumors were negative
for EGFR immunoreactivity, while 56% (n=28/50) of primary tumors were considered
positive for high expression (2+ or 3+). Of these, 16% (n=8) were graded 2+ and 40%
(n=20) were graded 3+. Analysis of regional lymph nodes positive for metastatic disease
demonstrated similar proportion of EGFR immunoreactivity; 33% (n=4/12) were negative
for EGFR expression and 58% (n=7/12) had high EGFR expression. Of these, 33% (n=4)
were graded 2+ and 25% (n=3) were graded 3+ (Table 2). There was no statistically
significant relationship between baseline clinicopathologic parameters (tumor stage,
metastatic disease, surgical margins, perineural invasion, radiation therapy) and EGFR
expression levels (Table 3). The presence of positive margins, perineural invasion or history
of immunosuppression also did not correlate with recurrence. In addition, disease free
survival was not affected by primary tumor size or location, perineural invasion or positive
margins (unpublished data).

EGFR expression was not associated with an increase in regional (p = 0.78) or distant
metastasis (p = 0.31). When stratified by EGFR expression there was no significant
difference in survival (p = 0.47) (Figure 2). In regional lymph node specimens positive for
metastatic disease, EGFR expression did not correlate to survival time (p = 0.37) (Figure 3).
Although a statistically significant decrease in survival was not identified, there was a trend
to suggest EGFR overexpression correlated with worse outcome. Analysis of cytoplasmic
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EGFR immunoreactivity was also performed. Cytoplasmic EGFR expression did not
correlate with clinicopathological findings or survival.

Discussion
It is well known that the majority of head and neck mucosal SCC overexpress EGFR(6, 9–11)

and EGFR expression is considered a predictor of prognosis.(5, 11–13) Due to the similar
gross and histological appearance of cutaneous and mucosal SCC there is an underlying
assumption that the biology is also similar. However, the relationship between EGFR
expression in advanced cSCC remains largely unknown. This is in large part due to the low
incidence and rarity of advanced cSCC. To our knowledge, this is the first report examining
the relationship between EGFR expression and survival in cSCC.

When stratifying by overexpression of EGFR, we found EGFR to be overexpressed on the
cell membrane in 56% of advanced cSCC. Whereas others have found EGFR
overexpression in 90% of mucosal SCC.(14) Although pervious data from mucosal SCC
found EGFR expression levels to correlate with survival(5, 15, 16), our data did not find a
correlation with EGFR expression levels and survival in cSCC. Although the median
survival was lower in patients with high EGFR expression (30 months versus 34 months),
the trend was not significantly different (p=0.47). In addition, EGFR expression in the
primary lesion was not associated with an increase in regional (p = 0.74) or distant
metastasis (p = 0.56). Despite similarities in histology, our data suggest that EGFR
expression in cSCC may have a different biological significance than in mucosal SCC.

EGFR governs cell survival and proliferation and is thought to infer radiation
resistance.(11, 17) Overexpression of EGFR leads to increased activation of intracellular
signaling pathways which results in neoplastic cells with a more aggressive phenotype.(6) Its
overexpression in mucosal SCC and role in tumorigenesis has lead several investigators to
examine the utility of targeting EGFR in cSCC. Others have found EGFR expression in 88–
100% of cSCC.(18–22) The high percentage of EGFR expressing cells has been partly
contributed to their cell type of origin.(19) In our study, we found 36% of tumors to
demonstrate little to no EGFR immunoreactivity. This discrepancy between previous studies
reporting a high rate of expression and our data is probably related to the subsection nature
of quantifying EGFR expression levels. Differences in tissue sample processing and the
heterogeneity of EGFR expression are other potential factors contributing to the
inconsistencies.(23, 24) These previous studies did not evaluate clinical surrogates of
malignant potential nor did these studies correlate EGFR expression with survival.

While it has been demonstrated that EGFR expression levels correlate with regional
metastatic potential in other cancer types,(20, 22) our data did not demonstrate a higher
expression of EGFR in primary tumors compared to metastatic tumors, nor did it increase
the incidence of regional nodal metastasis (Table 3). In addition, there was no correlation
between EGFR expression levels found in nodal specimens and survival (Figure 3). Given
the small number of patients with distant metastatic disease (n=5), a comparison between the
two groups (low versus high EGFR expression and metastasis) would not be productive.
Since all patients had advanced, recurrent disease and were treated surgically, they were not
stratified by stage, recurrence, and surgical intervention.

Similarities between advanced cSCC and mucosal head and neck cancer have led to the
development of clinical trials using EGFR targeted therapies (http://www.cancer.gov/
clinicaltrials), despite a limited understanding of the biological role of EGFR in advanced
cSCC. Although a few case reports demonstrated isolated incidences of patients with
recurrent cSCC responding to cetuximab, there has not been any significant evidence

Sweeny et al. Page 4

Head Neck. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.cancer.gov/clinicaltrials
http://www.cancer.gov/clinicaltrials


supporting the use of anti-EGFR therapies in this patient population. The absence of
literature supporting a role for targeting EGFR in cSCC is likely multifactorial: 1) There are
a limited number of cSCC cell lines for investigation, 2) Advanced cSCC are relatively
uncommon and death rates are low, which makes it difficult to obtain a significant enough
number of patients to elucidate the biology of this disease, and 3) Failure to correlate EGFR
expression levels with clinical outcomes leads to negative results, which is significantly
more difficult to publish and thus leads to a dearth of publications. Publication bias has been
defined as the tendency for investigators or editors to fail to publish results based on the
direction of the findings. One study found that data demonstrating statistical significance
was submitted seven times more frequently and make up the vast majority (83%) of
publications compared to those studies that did not demonstrate statistical significance.(25)

Thus far, targeted therapies against EGFR and its tyrosine kinase have demonstrated limited
improvement in the mortality of patients with advanced disease when used as
monotherapy.(14, 26–29) The role of EGFR as a prognostic factor in mucosal SCC is
generally accepted, but the prognostic relevance of EGFR expression levels has recently
been questioned.(5, 11, 23, 30, 31) Reasons for discrepancies across these studies and ours
include origin of samples (biopsy versus gross tumor), power of the study, method of EGFR
scoring, experience of scorer, and an inability to standardize qualitative scoring systems
such as IHC.(32) These variations in grading IHC results are well known, and may explain
discrepancy between our EGFR negative rate of 36% and others that range from 0–
12%.(18–22) In our study examining cSCC we found no significant correlation between
EGFR expression in cSCC and survival, loco-regional metastasis and time to recurrence.

There were several limitations to the current study. Because advanced stage cSCCs are
relatively rare, studies such as this one are limited by small numbers of patients which of
course limits statistical power. Travel time and advanced age often limited patients
willingness to return for routine visits; this likely contributed to our limited follow-up time.
Although median follow-up time was 14 months, patients will continue to recur from this
disease over the subsequent two to four years and as a result this study may not successfully
capture all recurrent disease. Further limiting the power of this study was the absence of
primary tumor samples in six patients. Importantly, factors typically associated with poor
outcome such as positive margins and T classification did not correlate with outcome as
previously demonstrated by others.(33) Failure to reproduce these findings was most likely
related the selecting patients with TMN stage III and IV disease: in this study population
44% of resections had positive margins, 54% had regional lymphadenopathy and 84% were
classified as T4.

In conclusion, EGFR expression levels have been shown to correlate with aggressive
biological behavior and poor prognosis in mucosal SCC, however it is not clear from this
study if this is true for advanced cSCC. Elevated EGFR expression in cSCC did not
correlate with metastasis or survival in this study. This study suggests the need for additional
understanding of the role for EGFR in the biology of cSCC.
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Figure 1.
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Figure 2.
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Figure 3.
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Table 1

Patient Characteristics

Characteristic No. of patients (%)

Age – years

 Mean (Range) 73 (42–93)

Gender

 Male 48 (86)

Comorbidities

 Diabetes mellitus 10 (18)

 Hypertension 24 (43)

 Hypercholesterolemia 10 (18)

 Multiple malignancies 9 (16)

 Congestive heart failure 2 (4)

 Previous transplant 3 (5)

 Hypothyroidism 2 (4)

 Coronary artery disease 5 (9)

T classification

 T2 5 (9)

 T3 3 (5)

 T4 47 (84)

 Tx 1 (2)

TMN Stage

 III 51 (91)

 IV 5 (9)

Node Positive

 No positive nodes 26 (46)

 Positive nodes 30 (54)

Radiation Therapy

 Yes 51 (91)

 No 5 (9)

Follow up in months (median) 14
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Table 3

Clinicopathologic characteristics associated with immunohistochemical staining intensity of epidermal growth
factor receptor in primary cutaneous squamous cell carcinoma lesions.

Variable % of EGFR staining intensity (No. of Patients)

Low* (22) High † (28) p value‡

TMN Stage

 III 41.3 (19) 58.7 (7) 0.31

 IV 75.0 (3) 25.0 (1)

Nodal Disease

 N0 46.2 (12) 53.8 (14) 0.78

 N+ 41.7 (10) 58.3 (14)

Distant Metastatic Disease

 M0 41.3 (19) 58.7 (27) 0.31

 M+ 75.0 (3) 25.0 (1)

Surgical Margins

 Negative 46.4 (13) 53.6 (15) 0.78

 Positive 40.9 (9) 59.1 (13)

Perineural Invasion

 Negative 48.5 (16) 51.5 (17) 0.55

 Positive 35.3 (6) 64.7 (11)

Radiation Therapy

 Neoadjuvant 42.9 (6) 57.1 (8) 1.00

 Adjuvant 39.3 (11) 60.7 (17)

Survival in months (median) (34) (30)

Abbreviation: EGFR, epidermal growth factor receptor

*
Scoring Intensity (0, 1+)

†
Scoring Intensity (2+, 3+)

‡
Calculated using Fisher’s Exact Test
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