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Background: Epidermal growth factor (EGF) and its receptor (EGFR) are part of an important 

signaling pathway that is involved in the pathogenesis of squamous cell carcinoma of the head 

and neck (SCCHN). We hypothesized that EGF/EGFR genetic polymorphisms might have 

a prognostic impact on disease-free survival and overall survival (OS) in locally advanced 

SCCHN.

Materials and methods: The patient group included a consecutive cohort of 180 patients with 

locally advanced SCCHN who underwent postoperative concurrent chemoradiotherapy between 

2002 and 2010. DNA from formalin-fixed, paraffin-embedded tumor tissues was genotyped 

for the single nucleotide polymorphism (SNP) of EGF A61G A.G, EGFR R521K G.A and 

G-216T. The log-rank test was applied to evaluate the impact of SNPs on the outcomes. Survival 

was estimated using the Kaplan–Meier statistical method.

Results: We demonstrated that EGF/EGFR SNPs might predict prognosis in patients with pri-

mary pharyngolaryngeal tumors, but not in those with oral cavity tumors. In pharyngolaryngeal 

tumor subgroup, EGF61 G/G genotype led to worse 5 year OS rate when compared to G/A 

or A/A genotypes (13.3% versus 34.3% versus 50.0%, P=0.017). The 5 year OS of patients 

with EGFR R521K G/G (11.1%) and G/A (15.9%) were lower than the A/A (62.5%) genotype 

(P=0.054). Patients carrying one or two unfavorable alleles had worse 5 year OS than those with-

out unfavorable allele (not available versus 20% versus 71.4%, P=0.002). Multivariate analysis 

revealed that the highest risk of death was associated with the coexistence of two unfavorable 

genotypes (hazard ratio 25.7, 95% confidence interval =3.4–193.4; P=0.002).

Conclusion: In this study, we were able to demonstrate that the EGF A61G and EGFR R521K 

genetic polymorphisms might be important prognostic factors in patients with locally advanced 

primary pharyngolaryngeal squamous cell carcinoma who underwent postoperative concurrent 

chemoradiotherapy.

Keywords: polymorphisms, EGF A61G, EGFR R521K, head and neck cancer, biomarker

Background
Squamous cell carcinoma of the head and neck (SCCHN) is the sixth most common 

cancer worldwide, and over 60% of the patients show locally advanced disease at 

presentation.1 Curative surgery followed by adjuvant concurrent chemoradiotherapy 

(CCRT), guided by the grading of pathologic risk features, is the standard of care 

for most tumors originating in the oral cavity and for part of the pharyngolaryngeal 

tumors.2,3 Despite recent advances, over 50% of the patients experience treatment 

failures.4 Meanwhile, acute and late adverse effects are of great concern while we are 
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attempting to use more aggressive therapeutic approaches 

in the pursuit of better outcomes.5 In practice, prognostic 

biomarkers would be of great help to make more targeted 

decisions with respect to treatment strategies.

The epidermal growth factor receptor (EGFR) is a cell 

surface receptor and belongs to the ErbB receptor family. The 

EGFR is widely expressed on the epithelial cells in various 

tissue. After ligand binding, the receptor forms homo- or 

heterodimers and activates receptor autophosphorylation 

which triggers a series of intracellular signaling. Epidermal 

growth factor (EGF) is one of the ligands binding to ErbB 

receptors. In cancer cells, the EGFR signaling pathway 

is often deregulated which promotes their proliferation, 

resistance to apoptosis, ability to metastasize, and angio-

genesis.6–9 The EGFR pathway activation is associated with 

the development of the SCCHN malignant phenotype and 

tumor growth.10,11 Overexpression of EGFR and of its ligand 

are well documented in SCCHN.12,13 Furthermore, elevated 

EGFR expression predicts worse disease survival.14 EGF 

and EGFR genetic polymorphisms have been investigated 

for carcinogenesis and prognosis in several cancer types.15–18 

An A.G single nucleotide polymorphism (SNP) at position 

+61 of the EGF gene was shown to increase EGF production 

in cultured peripheral blood mononuclear cells.19 Patients 

with the EGF61 A.G (rs4444903) polymorphism have poor 

prognosis for different cancers.19,20 The EGFR R521K G.A 

(rs2227983) SNP leads to an Arg (R) to Lys (K) substitution. 

This EGFR variant allele shows reduced ligand binding and 

decreased tyrosine kinase activity as compared to the wild-

type G allele.21 The other EGFR SNP of interest is the -216 

G.T (rs712829) change in the sp1-binding site of the pro-

moter region. In vitro, studies revealed that this replacement 

increases the promoter activity by 30%.22 Both these EGFR 

SNPs have prognostic implications mainly for colorectal can-

cer.23,24 Only one report examined EGFR polymorphisms and 

their prognostic association in SCCHN.25 In the current study, 

we investigated the three EGF/EGFR SNPs that are described 

above, and their correlation with prognosis, in a consecutive 

cohort of locally advanced SCCHN (LA-SCCHN) patients, 

all of whom received postoperative CCRT.

Materials and methods
Study cohort and treatment
The study protocol was approved by the hospital’s institu-

tional review board. Retrospectively, we included patients 

with newly-diagnosed non-metastatic LA-SCCHN originat-

ing from the oral cavity, the oropharynx, the hypopharynx, 

or the larynx. All patients underwent curative surgery and 

received the planned radiotherapy (RT) doses with concurrent 

chemotherapy in our institution. Patients who received cetux-

imab at any step as part of their treatment were excluded. 

Each tumor was staged according to the 2002 American Joint 

Committee on Cancer staging classification. In all surviving 

patients, follow-up was performed for at least 2 years.

Indications for postoperative CCRT were the presence of 

any major pathologic risk features, positive surgical margins 

or extracapsular nodal extensions, or at least two co-existing 

minor risk factors, including T classification (T3/T4), N 

classification (N2-3), close surgical margins (1–5  mm), 

perineural invasion, or lymphovascular invasion (LVI), and 

a poorly differentiated tumor. RT fractionation involved 

five consecutive daily fractions over the course of a week, 

with a 1.8–2.0 Gy fraction size. The RT techniques were 2D 

conventional RT and intensity-modulated radiotherapy. The 

planned RT dose to the primary tumor bed and the affected 

lymph node regions was 60–66 Gy. The concurrent chemo-

therapy regimen involved one of the following: single agent 

cisplatin (30 mg/m2 weekly or 75 mg/m2 every 3 weeks), 

single agent tegafur-uracil (tegafur 300 mg/m2 daily), or the 

cisplatin/5-FU combination (cisplatin 15 mg/m2 and 5-FU 

750 mg/m2 daily in a 120 hour continuous infusion, on day 

1 and day 29 during RT).

DNA extraction and genotyping
Genomic DNA was extracted from formalin-fixed paraffin-

embedded tissue blocks of the resected tumor, and EGF/

EGFR polymorphism genotyping was carried out. A total of 

180 tumor samples were analyzed as each patient correlates 

to one tumor sample.

The primer and probe sequences used during this work 

were as follows:20,24,26

EGF61 A.G 

forward primer: 5′-TGTCACTAAAGG AAAGGA-3′
reverse primer: 5′-TTCACAGAGTTTAACAGCCC-3

EGFR R521K G.A 

forward primer: 5′-TGCTGTGA CCCACTCTGTCT-3′
reverse primer: 5′-CCAGAAGGTTGCACTTGTCC-3′
EGFR -216 G.T 

forward primer: 5′-TGTCACTAAA GGAAAGGAGGT-3′
reverse primer: 5-TTCACAGAGTTTAACAGCCC-3′
PCR reactions were carried out in 20 µL reactions that 

contained 150 ng DNA template, 0.4 µM of each primer, 

10 µL 2× GoTaq® Green Master Mix, 5% dimethyl sulfoxide, 

and nuclease-free water. PCR amplification involved an initial 
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5 minute denaturation step at 95°C, followed by 35 cycles of 

denaturation (95°C for 30 seconds), annealing (57°C for EGFR 

R521K G.A and EGF61 A.G and 60°C for EGFR-216 G.T 

for 60 seconds), and finally elongation (72°C for 7 minutes). 

The resulting PCR products were analyzed on the ABI3730 

Sequencer (Thermo Fisher Scientific, Waltham, MA, USA) 

which is a genetic analyzer for allele determination.

Endpoints and statistical analysis
The time to events was counted from the date of surgery to 

the event occurrence or to the last date of the study, December 

31, 2012, whichever came first. Death from any cause was 

incorporated when calculating overall survival (OS). Disease 

recurrences, the presence of a second primary tumor, and 

death from any cause were events considered when evaluat-

ing disease-free survival (DFS). Patients were recorded as 

censor if no events occurred until the last follow-up or the 

end of study.

Survival rates were estimated using the Kaplan–Meier 

statistical method. The log-rank test was used to evaluate the 

possible impact of EGF and EGFR genetic polymorphisms, 

separately and in combination, on OS and DFS. Additional 

clinical factors were also included in the analysis. The mul-

tivariate Cox proportional hazards model was used to esti-

mate the adjusted hazard ratio (HR) and the 95% confidence 

interval (95% CI). All reported P-values were two-tailed 

and considered to be statistically significant for P,0.05. All 

statistical analyses were performed using SPSS version 12 

(SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics  
and treatment outcomes
From January 2002 to December 2010, a total of 180 LA-

SCCHN patients were included in this study. The median age 

of all patients was 51 years (interquartile range 45–57 years), 

and 176 (97.8%) were male. Primary tumors were located 

to the oral cavity in 140 (77.8%), the oropharynx in eight 

(4.4%), the hypopharynx in 22 (12.2%), and the larynx in 

ten (5.5%) patients. The pathologic stage distribution was: 

stage III 15%, stage IVa 75%, and stage IVb 10%. The 

median total RT dose was 6,480 cGy (interquartile range 

6,300–6,600 cGy). Eighty-three (46.1%) patients received 

2D conventional RT and the others were treated by intensity-

modulated radiotherapy. The median RT treatment duration 

was 7.3 weeks (interquartile range 6.7–8.1 weeks). One hun-

dred (55.6%) patients died and 112 patients had DFS events 

until the last follow-up date. After a median follow-up time of 

32.0 months (interquartile range 15–68 months), the median 

OS and DFS were 56 and 37 months, respectively. There were 

43 locoregional recurrences and 47 distant metastases. In the 

univariate analysis, N classification $ N2, the presence of 

LVI, and extracapsular nodal extensions were poor prognosti-

cators for 5 year OS and DFS. Detailed patient demographics 

and treatment outcomes are listed in Table 1.

Genetic polymorphisms  
and outcome correlations
The genotype frequencies for the three SNPs are presented 

in Table 2. No significant associations were detected between 

the three genotypes and OS or DFS when the entire study 

population was examined. When the primary location of the 

tumor was considered during the analysis, the EGF61 A.G 

and R521K G.A EGFR polymorphisms showed a signifi-

cant prognostic impact in patients with primary pharyngo-

laryngeal tumors but not in those with oral cavity tumors 

(Table 2). In this subgroup, patients with the A/A, A/G, and 

G/G EGF61 genotypes had 5 year OS rates of 50.0%, 34.3%, 

and 13.3%, respectively (P=0.017, Figure 1A). The EGF61 

G/G genotype also led to a lower 5 year DFS rate when 

compared to the G/A or the A/A genotypes (not available 

versus 29.8% and 50%, P=0.026, Figure 1B). For the EGFR 

R521K genotype, the 5 year OS rates in patients carrying the 

three variants (G/G, G/A, and A/A) were 11.1%, 15.9%, and 

62.5%, respectively (P=0.054, Figure 1C). The 5 year DFS 

was significantly worse in patients with the G/G (11.1%) 

and G/A (0%) genotypes than in those with the A/A (62.5%) 

genotype (P=0.038, Figure 1D). We did not observe any cor-

relations between the EGFR -216 G.T genotype and OS 

or DFS. From these results, we identified EGF61 G/G and 

EGFR R521K G/G and G/A as unfavorable genotypes for 

the primary pharyngolaryngeal tumors. Patients harboring 

one or two of these unfavorable alleles had a worse 5 year 

OS and DFS than those without these unfavorable alleles 

(not available versus 20% versus 71.4%, P=0.002, Figure 

1E; not available versus 10.4% versus 71.4%, P=0.003, 

Figure 1F).

We also investigated the correlation between the A61G EGF 

and the R521K EGFR genotypes and patient characteristics in 

the pharyngolaryngeal tumor subgroup. Patients with the G/G 

EGF61 genotype had significantly lower T stage (P=0.024) and 

more LVI (P=0.003) and perineural invasion (P=0.027). There 

were no associations between the R521K EGFR genotypes and 

any patient characteristics (data not shown).
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Table 1 Patient characteristics and treatment outcome

N=180 
n (%)

Overall survival Progression-free survival

5 yr (%) P-valuea 5 yr (%) P-valuea

Age
  ,50 82 (45.6) 43.1 0.113 35.8 0.070

  $50 98 (54.4) 53.9 49.3
Sex
  Female
  Male

4 (2.2)
176 (97.8)

25.0
49.5

0.155 25.0
43.6

0.264

pT
  1–2
  3–4

36 (20.0)
144 (80.0)

60.5
46.1

0.235 50.8
41.4

0.313

pN
  0–1
  2–3

85 (47.2)
95 (52.8)

64.3
35.5

,0.001 53.8
34.1

0.002

Surgical margin
  Positive 44 (24.5) 38.7 0.140 29.6 0.111
 N egative
    #0.5 cm 101 (56.1) 55.4 47.8

    .0.5 cm 35 (19.4) 44.0 44.7
Extracapsular extension
 N egative
  Positive

152 (84.4)
28 (15.6)

51.8
35.1

0.017 44.9
35.4

0.056

Tumor differentiation
  Well-moderate
  Poor

163 (90.6)
17 (9.4)

48.6
52.9

0.648 43.1
44.1

0.540

Lymphovascular invasion
 N o
  Yes

107 (59.4)
73 (40.6)

56.6
37.7

0.008 51.8
30.4

0.005

Perineural invasion
 N o
  Yes

121 (67.2)
59 (32.8)

51.3
44.4

0.307 46.2
37.3

0.221

RTT (weeks)
  #7 69 (38.5) 58.5 54.2

  .7 110 (61.5) 42.5 0.163 37.3 0.126
Chemotherapy
  Cisplatin/5-FU 131 (72.8) 48.8 0.936 43.7
 C isplatin only 42 (23.3) 49.2 40.0 0.861
  Tegafur-uracil only 7 (3.9) 53.6 53.6

Note: aP-values based on the log-rank test.
Abbreviations: T, pathologic tumor stage; N, pathologic nodal stage; RTT, radiation treatment time; yr, years.

Multivariate analysis of treatment 
outcome
Since the EGF A61G and EGFR R521K genotypes might 

be prognostic markers in pharyngolaryngeal tumors, we 

performed univariate analysis first in this subgroup of patients 

(N=40). We found that patients with higher pathologic N 

stage, poor tumor differentiation, LVI and one or two unfavor-

able genotypes correlated with poor prognosis by univariate 

analysis. We included the above factors into multivariate 

analysis and significant HR for death was observed in 

patients ,50 years old (adjusted HR =2.6, 95% CI =1.1–6.1; 

P=0.03), poor tumor differentiation (adjusted HR =9.9, 

95% CI =1.9–50.6; P=0.006), and one or two unfavorable 

genotypes (adjusted HR =5.3, 95% CI =1.1–25.3; P=0.037, 

and adjusted HR =25.7, 95% CI =3.4–193.4; P=0.002, 

respectively) (Table 3). As for DFS, patients with poor tumor 

differentiation and the coexistence of two unfavorable geno-

types had significantly worse outcomes (Table 3).

Discussion
In this study, we showed that EGF and EGFR genetic poly-

morphisms correlate with prognosis in patients with primary 

pharyngolaryngeal squamous cell carcinoma. We revealed 

that the EGF61 G/G and the EGFR R521K G/G and G/A 

genotypes are unfavorable genotypes, and the presence of 

one or two unfavorable alleles resulted in a worse outcome 

in this patient subgroup. The genotype frequencies were 

comparable whether they were examined overall in the 
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entire study cohort or categorized according to the primary 

tumor location. The fact that the prognostic effect of the 

EGF/EGFR SNPs was restricted to the primary pharyn-

golaryngeal tumor subgroup was unexpected, and further 

studies are needed to confirm this finding. The genotype 

frequencies in our cohort were similar to the ones found in 

other reports of Asian populations, though different cancer 

types were looked at.24,27 The major limitation of the current 

study is its retrospective nature and the relatively small 

sample size. Our findings focused on an Asian population 

of individuals who received postoperative CCRT. These 

results should be tested in larger case series and in other 

ethnic groups.

The poor prognostic genotypes unveiled in this study also 

predict inferior outcomes for other cancer types.22,24,28 The 

only study investigating EGFR polymorphisms in SCCHN 

was reported by Bandres et al.25 They found that the R521K 

R/R or R/K EGFR genotypes, in combination with short 

(CA) repeats (,17), predicted survival. However, the study 

included stage II and metastatic patients who underwent 

surgery or received CCRT as the primary therapy, and this 

might have confounded their analysis.

With the advent of EGFR targeted therapy, we could 

now inhibit this important signaling pathway in SCCHN. 

One of the targeted agents, cetuximab, was shown to be 

effective and tolerated when administered concurrently with 

radiotherapy29 or in combination with platinum-based che-

motherapy.30 Unlike metastatic colorectal cancer in which the 

K-RAS mutation is an established negative predictor of the 

response to cetuximab,31 no biomarkers have been validated 
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Figure 1 Kaplan–Meier curve showing overall survival and disease-free survival. 
Notes: Patients with primary pharyngolaryngeal tumors having the EGF61 A.G (A and B) and EGFR R521K G.A (C and D) genotypes, as well as the number of co-existing 
unfavorable genotypes (E and F). Unfavorable genotypes were defined as EGF61 G/G and EGFR R521K G/G or G/A.
Abbreviations: EGF, epidermal growth factor; EGFR, epidermal growth factor receptor; mon, months.
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Table 3 Cox proportional hazards regression for patients with pharyngolaryngeal tumors

Overall survival Progression-free survival

Adj HR 95% CI Pa Adj HR 95% CI Pa

Age (years)
  $50 1.0 1.0

  ,50 2.6 (1.1–6.1) 0.030 1.6 (0.7–3.7) 0.278
pN
  0–1 1.0 1.0
  2–3 2.5 (0.8–7.4) 0.106 1.8 (0.7–5.0) 0.239
Tumor differentiation
  Well-moderate 1.0 1.0
  Poor 9.9 (1.9–50.6) 0.006 10.6 (1.9–58.7) 0.007
Lymphovascular invasion
 N o 1.0 1.0
  Yes 0.4 (0.1–1.4) 0.139 0.8 (0.3–2.8) 0.780
Unfavorable genotype Nob

  0 1.0 1.0
  1 
  2–

5.3 
25.7

(1.1–25.3) 
(3.4–193.4)

0.037 
0.002

3.9 
9.7

(0.9–16.9) 
(1.8–52.9)

0.065 
0.009

Notes: P-value in bold indicates a significant value (P ,0.05); aP-values based on the Cox proportional hazards model; bunfavorable genotype: EGF61 G/G, EGFR R521K 
G/G or G/A.
Abbreviations: Adj HR, adjusted hazard ratio; CI, confidence interval; pN, pathologic nodal stage.

for SCCHN. The copy number of the tumor EGFR gene 

had no predictive value.32 The p16 expression status and 

cetuximab-induced rash exceeding grade 2 were suggested 

as biomarkers that need further investigation.33,34 EGF/EGFR 

polymorphisms have been examined as predictive biomark-

ers to cetuximab treatment. Studies on metastatic colorectal 

cancer populations showed a trend towards better treatment 

outcomes in patients carrying the EGF61 G/G genotype, 

while the predictive value of the EGFR R521K genotype 

was more controversial.35–38 A similar analysis was reported 

in two studies of recurrent or metastatic SCCHN patients 

receiving cetuximab-based systemic therapies.39,40 Patients 

with the EGFR R521K G/G or EGF61 G/G genotypes had 

better outcomes in response to cetuximab. This implicates 

the likelihood that cetuximab might reverse the poor outcome 

associated with these unfavorable genotypes. However, these 

preliminary results were obtained in studies that enrolled 

limited patient numbers, and they need further verification.

In conclusion, this study demonstrates that the EGF61 

G/G and the EGFR R521K G/G and G/A genotypes predict 

poor outcome in patients with locally advanced pharyngola-

ryngeal tumors receiving postoperative CCRT. The possible 

predictive role of EGF/EGFR polymorphisms in response 

to cetuximab treatment warrants further investigation in 

the same treatment setting.
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