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The aim of the present retrospective study was to evaluate the prognostic significance of epidermal growth factor receptor 
(EGFR) expression in patients treated with radiotherapy or concomitant chemoradiotherapy for squamous cell anal cancer 
(SCAC)

Patients and methods: A total of 17 patients with SCAC (clinical stages I-III) were studies. All patients were treated with 
radiotherapy (total dose range 40 – 68 Gy), 13 patients received concomitant chemotherapy (7 patients mitomycin/5-fluor-
ouracil, 5 patients cisplatine/5-fluorouracil, 1 patient cisplatine weekly). EGFR expression in the pretreatment biopsieswas 
assessed with imunohistochemistry.

Patients with EGFR expression had significantly shorter progression free survival (PFS) (p=0.0109; HR 9.38, 95% CI 
1.75 – 50.35) and overall survival (OS) (p=0.0351; HR 7.11, 95% CI 1.4 – 36.13) than patients without expression EGFR. The 
4-year PFS in patients with increased EGFR expression was only 28.57% (95% CI 17.07 – 62.04%) compared to 87.5% (95% 
CI 64.58 - 100%) in patients without EGFR expression. The 4-year OS in patients with increased EGFR expression was only 
50.0% (95% CI 15.35 – 84.65%) compared to 87.5% (95% CI 64.58 – 100.0%) in patients without EGFR expression.

Patients with expression EGFR had significantly shorter PFS and OS compared with patients without EGFR expression.

Key words: anal carcinoma, epidermal growth factor receptor, chemoradiotherapy, overall survival, progression free 
survival

Squamous cell carcinoma of the anal canal (SCAC) is rela-
tive rare gastrointestinal malignancy. It represents less than 
2.5% of all gastrointestinal cancer [1]. Essential prognostic 
factors include the clinical stage, involvement of regional 
lymph nodes, tumor grade, age and sex [2]. In the past, the 
standard treatment of anal cancer was abdominoperineal 
resection with an approximate 40–70% 5-year survival [3]. 
In 1974, Nigro observed complete remission in patients 
treated with concomitant chemoradiotherapy [4]. The current 
standard treatment for invasive SCAC is the combination of 
radiotherapy and chemotherapy, based on the findings of 
several randomized studies [5-10]. Additional prognostic and 
predictive factors have been sought in line with the develop-
ment of molecular biology in order to improve the results and 
better individualize the therapy. The epidermal growth factor 
receptor (EGFR) signaling pathway is one of the most widely 

studied ones. EGFR is a 170 kDa transmembrane glycopro-
tein [11]. After ligand binding, two extracellular domains of 
EGFR homodimerize, or an EGFR domain heterodimerizes 
with another ErbB family member. Dimer internalization is 
followed by autophosphorylation of the intracellular tyrosine 
kinase domain, which activates cytoplasmic transduction pro-
tein cascades; these induce cell proliferation, acceleration of 
cell repopulation, and inhibit apoptosis [12]. Overexpression 
of EGFR has been found in most solid tumors and is associ-
ated with more aggressive behavior of the cancer cells, worse 
response to radiotherapy or chemotherapy and increases the 
motility of cancer cells [13-15]. Radiobiological studies have 
confirmed the critical role of EGFR in terms of the cytopro-
tective and pro-proliferative response of cancer cells after 
irradiation. An induced increase in EGFR expression after 
radiotherapy can be associated with accelerated repopulation 
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of cancer cells [16, 17]. Accelerated repopulation of cancer 
cells resulting from increased EGFR expression induced by 
ionizing radiation represents a potential mechanism of thera-
peutic failure [18-20]. The aim of this retrospective study is 
to evaluate the prognostic significance of EGFR expression in 
patients with SCAC treated with radiotherapy or concomitant 
chemoradiotherapy. 

Patients and methods

Patient characteristics. Between January 2003 and Decem-
ber 2010, 17 patients (3 men and 14 women) with anal cancer 
were treated at the Department of Oncology, Regional Hos-
pital Liberec, Czech republic. The median age was 57 (range 
40 – 81) years. One patient had clinical stage I, 10 patients 
had clinical stage II, and 6 patients had clinical stage III. All 
patients had histologically verified squamous cell carcinoma in 
pretreatment biopsy: 1 patient grade I, 10 patients grade II, and 
6 patients grade III. The median of pretreatment concentra-
tion of hemoglobin was 128 (range 94 – 155) g/L, leukocytes 
7.3 (range 4.9 – 11.6)*109/L, and thrombocytes 266 (range 
156 – 492) *109/L. 

Treatment. Radiotherapy was indicated in all 17 patients. 
Fifteen patients received radiotherapy in two targeted vol-
umes. The first one included irradiation of pelvic lymph 
nodes, inguinal lymph nodes, and the tumor. The boost 
volume included to involved inguinal lymph nodes and the 
tumor of the anus. Irradiation using a single target volume 
was indicated in 2 patients (patients with a worse perform-
ance status). Boost with using of brachytherapy was indicated 
in 1 patient (dose 2x8 Gy), and boost with using of electron 
beam was indicated also in 1 patient (dose 2x5 Gy). All pa-
tients received radiotherapy using with megavoltage photon 
beams (6 or 15 MV). The source of radiation was a linear ac-

celerator (Elekta Synergy or Elekta Precise, Elekta Sweden). 
Patients were irradiated using 3D conformal radiotherapy 
or IMRT technique using segmented fields. The total applied 
dose ranged between 40 Gy – 68 Gy in daily fractionation 
of 1.8 Gy – 2.0 Gy; median dose was 60 Gy. Concomitant 
chemotherapy was administered to 13 patients. The combina-
tion of mitomycin C and 5-fluorouracil (5-FU) was used most 
commonly, in 7 patients in total. The combination of cisplatin 
and 5-FU was used in 5 patients, and cisplatin monotherapy 
in the weekly regimen was indicated in 1 patient.

Imunohistochemical evaluate. Processed paraffin blocks 
were cut using a microtome to obtain sections 3 µm thick. 
Standard deparaffinization was performed using xylene with 
subsequent rehydration. Subsequently, proteolytic reaction 
of the tissue was carried out upon addition of proteinase K. 
Endogenous peroxidase reaction was inhibited by applying 
3% hydrogen peroxide solution. The tissue sections were then 
incubated at ambient temperature with murine monoclonal 
antibody IgG1 against EGFR. The monoclonal antibody 
formed part of a commercially supplied kit (Dako EGFR 
PharmDxTM, Denmark). Furthermore, the sample was incu-
bated for approx. 30 min with marked HRP polymer and for 
additional 10 minutes with DAB+ dye solution. The samples 
were then colored using hematoxylin. Control preparations 
supplied in the commercial kit were used as negative con-
trol of EGFR expression. The samples were read in an light 
microscope Olympus BX 60. The preparations were read by 
an experienced pathologist not acquainted with therapeutic 
results of the patients. We evaluated the total membrane EGFR 
expression. The evaluation was semiquantitative, and coloring 
intensity of at least 1% cancer cells was evaluated: 0 = none; 
1 = weak; 2 = moderate; 3 = strong. In all patients were con-
firmed the squamous cell carcinoma with imunodetection of 
p63 (DAK-p63, Dako, Denmark, Fig. 1). 

Statistical analysis methods. The software Number 
Cruncher Statistical System NCSS 9 (Kaysville, Utah, USA) was 
used for statistical assessments. Overall survival (OS) = time 
from diagnosis to death or to the last visit in surviving patients. 
Progression-free survival (PFS) = time from radiotherapy or 
chemoradiotherapy completion to a relapse or progression 
of the disease or to the last visit in patients with no relapses. 
Overall survival and progression-free survival were calculated 
using the Kaplan-Meier method. The log-rank test was used 
to evaluate any effect of EGFR expression on the therapeutic 
results (OS, PFS). All statistical tests were evaluated using the 
significance level α = 0.05.

Results

All 17 patients underwent radiotherapy. Concomitant 
chemotherapy was completed by 13 patients in total. The 
therapy was temporarily discontinued for 2 to 14 days in the 
total of 5 patients due to toxicity. The therapy was terminated 
prematurely by 2 fractions (boost dose 4 Gy) in 1 patient, again 
due to toxicity. Eight patients were hospitalized for supportive 

Figure 1. Expression of p63 positivity in squamous cell of anal carcinoma. 
Magnification 400x.
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therapy. No patient died during therapy. Toxicity was the most 
common type of acute toxicity, which affected all patients. 
According to RTOG scale, grades I and II were described in 
5 patients, and grade III in 9 patients. Grade IV was found in 
3 patients. Acute gastrointestinal toxicity was described in 15 
patients; grades I and II were found in 13 patients, and grade 
III in 2 patients. Genitourinary acute toxicity was observed 
in 14 patients in total, grades I and II occurred in 11 patients, 
grade III was observed in 3 patients. As regards evaluation 
of hematologic toxicity, grade I of anemia was found in 7 
patients, and grade II in 1 patient. Leucopenia grade I was 
observed in 3 patients, grade II in 3 patients, and grade III in 
1 patient. Thrombocytopenia grade II occurred in 2 patients. 
The median nadir of hemoglobin was 116 (range 92 – 128) 
g/L, leucocytes 4.0 (range 2.2 – 8.0)*109/L, and thrombocytes 
167 (range 60 – 492) *109/L.

Partial response with subsequent full clinical remission 
was observed in 15 patients. Full clinical remission oc-
curred between 4 weeks to 18 months from completion of 
chemoradiotherapy or radiotherapy alone. Stabilized dis-
ease was described in 1 patient. Progression after therapy 
occurred in 1 patient. At the time of assessment (30 Juny 
2015) median follow-up was 57 months (4.7 years). During 
follow-up, recurrence occurred in 6 patients: 3 local and 3 
generalized diseases (metastases in retroperitoneal lymph 
nodes in 2 cases and metastatic lung involvement in 1 case). 
Six patients died until the date of evaluation. The 4-year 
progression free survival (PFS) was 61.36% (95% CI 37.00 – 
85.73%) and 4-year overall survival (OS) was 76.47% (95% 
CI 56.31 – 96.63%). 

EGFR expression was examined in 16 patients; the assess-
ment was not done in 1 patient due to insufficient amount of 
histological material. EGFR expression was not observed in 8 
patients; EGFR expression was found in 8 patients (4 patients 

EGFR 1+, 4 patients EGFR 2+, no patient was EGFR 3+ ex-
pression, Tab. 1 and Fig. 2 and 3). The prognostic significance 
of EGFR expression was evaluated in terms of PFS and OS. 
Patients with EGFR expression had significantly shorter PFS 
(p=0.0109; HR 9.38, 95% CI 1.75 – 50.35) and OS (p=0.0351; 
HR 7.11, 95% CI 1.4 – 36.13) than patients without expression 
EGFR (Fig. 4 and 5). The 4-year PFS in patients with increased 
EGFR expression was only 28.57% (95% CI 17.07 – 62.04%) 
compared to 87.5% (95% CI 64.58 – 100%) in patients without 
EGFR expression. The 4-year OS in patients with increased 
EGFR expression was only 50.0% (95% CI 15.35 – 84.65%) 
compared to 87.5% (95% CI 64.58 – 100.0%) in patients 
without EGFR expression. 

Discussion

EGFR expression in anal cancer was evaluated by several 
studies. The first study was published by Alvarez in 2006 who 
evaluated EGFR in 38 patients. He observed increased EGFR 
expression in 21 patients in total, which presents 55% [21]. 
Several other studies were then published, finding EGFR 
expression between 58% – 100% [22-25]. In our study we 
observed EGFR expression in one half of the patients. EGFR 
expression 1+ was observed in 4 patients, and similarly also 
EGFR expression 2+. Van Damme described EGFR expres-
sion 1+ in 7 patients, EGFR expression 2+ in 12 patients, and 
EGFR expression 3+ in 17 patients. In total, he observed EGFR 
expression in 83.7% patients [23]. We observed no EGFR 

Figure 2. Epidermal growth factor receptor staining score 1+. Magnifica-
tion 400x

Figure 3. Epidermal growth factor receptor staining score 2+. Magnifica-
tion 400x

Table 1. EGFR expression score in biopsies

EGFR expression 0 1 2 3 not applicable
Number of patients 8 4 4 0 1
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expression 3+ in our study. We use the semiquantitative evalu-
ation technique based on the immunohistochemical reaction. 
The different results of EGFR expression may have been caused 
by the use of different antibodies, different immunohisto-
chemical techniques or different expression scoring systems. 
Potential subjective influence on EGFR expression evaluation 
using immunohistochemistry should also be emphasized. 
Our study demonstrated a significant prognostic significance 
of EGFR expression on overall survival and progression-free 
survival. In his study in 30 patients, Ajani did not demonstrate 
a significant correlation between EGFR expression grade and 
diseases-free survival [26]. Similarly, Alvarez did not observe 
any dependence between EGFR expression and clinical and 
pathological parameters [21]. Our study could be criticized for 
its lower number of evaluated patients. This fact is related to 
the rare incidence of this disease in the population of central 
Europe. At our Department of Oncology, 2-3 cases of anal 
cancer are diagnosed every year on average. Based on the facts 
above, we could ask whether EGFR function can be inhibited 
during oncology therapy of SCAC. The first group of inhibitors 
of EGFR presented small molecular inhibitors of the tyrosine 
kinase domain of the receptor (TKI). The oral TKIs gefitinib 
and erlotinib have been applied most and currently, they are 
use in particular for palliative therapy of non-small cell lung 
cancer [27]. Monoclonal antibodies against EGFR extracellular 
receptor domain are another group; among these, cetuximab 
and panitumumab have been used most, predominantly in 
the therapy of metastatic colorectal cancer [28-33]. With the 
development of molecular biology revealed that the K-RAS 
oncogene status, and later the entire RAS complex, was a prin-
cipal predictive factor for the use of anti-EGFR therapy in 
metastatic colorectal cancer [29, 34]. RAS oncogenes code for 
regulatory proteins that exert a significant effect on the signal 
pathway triggered by EGFR activation. These proteins may be 

present in tumors either in their normal, non-mutated forms 
(wild type), or with an mutation. In this case the regulatory 
protein RAS is activated permanently irrespective of EGFR 
inhibition. Several studies have been done with the aim to 
determine the frequency of K-RAS mutation in anal cancer. 
Three studies evaluated the determination of K-RAS mutation 
in 146 patients in total. None of the assessments showed the 
presence of the mutated K-RAS form [25, 35]. A larger study 
evaluated 193 biopsies, demonstrating the K-RAS mutation in 
only 3 cases [36]. In SCAC, similarly as in spinocellular head 
and neck cancer, the frequency of K-RAS mutations seems 
to be much less common than in colorectal cancer where the 
mutation is found in 30-50% cases [37, 38]. The predictive 
effect of K-RAS mutation was evaluated by a small study in 7 
patients with metastatic anal cancer treated with cetuximab. 
K-RAS mutation was demonstrated in 2 patients. Patients 
with mutated K-RAS progressed, unlike the group with non-
mutated K-RAS where therapeutic response or stabilization 
of the disease was observed [39]. Several clinical studies were 
also done to evaluate the benefit of antiEGFR therapy in anal 
cancer. The phase II clinical study ECOG 3205 was presented 
at ASCO 2012, which evaluated the efficacy and safety of com-
bined cetuximab and chemoradiotherapy in patients with anal 
cancer without any immune system disorder. The first results 
showed 2-year survival with no signs of a relapse in 92% pa-
tients, and safety was assessed as acceptable by the authors. The 
authors presented a similar therapy also in immunosuppressed 
patients with HIV infection where 2-year survival without 
a relapse was achieved in 80% patients (AMC 045 study) 
[40]. On the contrary, another phase II study, ACCORD 16, 
was terminated prematurely due to high toxicity of combined 
cetuximab and chemoradiotherapy using the combination of 
cisplatin and 5-FU [41]. Similarly, yet another study demon-
strated high toxicity of cetuximab therapy [42]. At present, 

Figure 4. Progression free survival (in months) in patients who had expression 
EGFR (broken line) and patients with no EGFR expression (solid line). 

Figure 5. Overall survival (in months) patients who had expression EGFR 
(dotted line) and patients with no EGFR expression (broken line).
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evaluation of any benefit of cetuximab or panitumumab in 
the therapy of metastatic anal cancer is available mostly in the 
form of case reports [39, 43-45]. As mentioned above, worse 
tolerance of the therapy is a problem in the combination of 
antiEGFR therapy and chemoradiotherapy. Other possible 
ways are thus being sought to offer higher individualization 
of the therapy. Our study could contribute to identification of 
patients who may benefit from antiEGFR therapy combined 
with chemoradiotherapy.

Conclusions 

Patients with expression EGFR had significantly shorter PFS 
and OS compared with patients without EGFR expression.
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