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ABSTRACT

The survival rate associated with esophageal cancer is very poor due to 
diagnosis at advanced stages of disease and insensitivity to chemotherapy. This 
study investigated the efficacy of gefitinib combination with radiation in 20 elderly 
patients with esophageal squamous cell carcinoma (ESCC) who were not eligible for 
platinum-based chemotherapy. Immunohistochemistry was performed to analyze 
epidermal growth factor receptor (EGFR) expression, and the amplified refractory 
mutation system was used to detect EGFR mutations. Treatment response was 
assessed by endoscopy and computed tomography. Treatment toxicity was evaluated 
using the National Cancer Institute’s Common Toxicity Criteria. The data showed 
that among these 20 patients, 5 experienced a complete response (CR), 13 a partial 
response (PR), and 2 had stable disease. The overall response rate (CR + PR) was 
90%, the median overall survival (OS) was 14.0 months (95% confidence interval 
[CI]: 10.0–17.9 months), and the median progression-free survival was 7.0 months 
(95% CI: 0–17.2 months). Patients with good Eastern Cooperative Oncology Group 
performance status, never smoking, and EGFR mutated tumors had the best OS (14.0, 
14.0, and 17.0 months, respectively). Treatment-related grade 3/4 toxicity occurred 
in five patients. No case of grade 3/4 impaired liver function or hematological toxicity 
was observed. Concurrent radiotherapy with gefitinib is effective and tolerable in 
elderly ESCC patients.

INTRODUCTION

Esophageal cancer is a significant worldwide 
health problem that accounted for one-sixth of cancer-
related deaths in 2008 in the world. [1] Histologically, 
esophageal cancer is classified into esophageal squamous 
cell carcinoma (ESCC) and adenocarcinoma. ESCC is 
the major histological type of esophageal cancer in the 

world and is one of the most aggressive malignancies, 
whereas esophageal adenocarcinoma frequently occurs 
in Western countries, such as the USA. [2] Furthermore, 
approximately 20% of esophageal cancers are diagnosed 
in patients over 75 years of age. [3] Although the past 
three decades have seen improvements in perioperative 
care and surgical techniques, the introduction of 
multimodal treatment, and the feasibility of surgery for 
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the majority of esophageal cancer patients, treatment 
of elderly patients still represents a challenge for 
surgeons, and surgery-related mortality in elderly 
patients undergoing esophagectomy is as high as 18%. 
[4] Thus, chemoradiotherapy is more frequently used in 
esophageal cancer patients, which is mainly based on 
an early randomized trial that compared radiotherapy 
(64 Gy) with four courses of concurrent cisplatin, 
5-flurouracil (5-FU), and radiotherapy (50.4 Gy) and 
showed a significant survival benefit for patients. [5] 
However, because geriatric patients are traditionally 
excluded from randomized controlled clinical trials 
for a variety of reasons (heterogeneity, comorbidities, 
inability to consent, etc.), chemotherapy for elderly 
esophageal cancer patients, especially patients with 
advanced age, together with coexisting severe medical 
morbidities, is not always tolerable. [6] Thus, the 
search for novel concurrent or target therapies for 
elderly esophageal cancer patients is urgently needed.

Furthermore, the epidermal growth factor receptor 
(EGFR) signaling pathway plays an important role in 
the regulation of homeostasis, such as cell growth, 
differentiation, and carcinogenesis. [7–10] Altered 
EGFR expression or EGFR mutation has been reported 
in esophageal cancer and correlated with poor patient 
prognosis and inferior response to therapy. [8–11] 
Moreover, radiation can induce autophosphorylation of 
EGFR protein and downstream substrates, which then 
leads to tumor resistance to radiotherapy, and tyrosine 
kinase inhibitors can prevent this autophosphorylation 
of EGFR. Thus, drugs that target EGFR (cetuximab, 
erlotinib, and gefitinib) in combination with radiotherapy 
have been proven to be effective for treating certain 
solid tumors, such as head and neck cancer, [12, 13] 
non-small cell lung cancer, [14] and rectal cancer [15] 
with a favorable toxicity profile. Gefitinib (also called 
ZD1839 or Iressa; AstraZeneca, Wilmington, DE) is a 
specific tyrosine kinase inhibitor of EGFR. Previous 
studies showed that gefitinib treatment of non-small 
cell lung cancer patients with EGFR exon 19 and 21 
mutations achieves a dramatic clinical response. [16, 17] 
Gefitinib is well tolerated at a dose of 250 mg/day, with 
skin rash and diarrhea as the main toxicities. [18] In 
esophageal cancer, we found three studies using EGFR 
tyrosine kinase inhibitors plus thoracic radiation to 
treat ESCC patients. [19–21] In addition, detection of 
EGFR mutations is a useful and sensitive biomarker to 
predict the effect of an EGFR tyrosine kinase inhibitor 
on non-small cell lung cancer. [22] Therefore, in the 
present study, we conducted a phase II clinical trial in 
elderly Chinese ESCC patients to evaluate concomitant 
gefitinib and thoracic radiotherapy in terms of both 
feasibility and efficacy for the treatment of ESCC and 
to study the impact of EGFR alterations on patient 
survival.

RESULTS

Patient characteristics

This study included 20 elderly ESCC patients who 
were recruited from Zhejiang Cancer Hospital between 
September 2010 and November 2012. The patient 
characteristics are listed in Table 1. Briefly, there were 
13 males and 7 females with a mean age of 76 years 
(range, 65–83 years). Of these 20 patients, there were 
12 TNM stage III/IV, and all 20 patients were ineligible 
for and not treated with platinum-based chemotherapy, 
due to neuropathy (n = 2), cardiac disease (n = 7), poor 
performance status (n = 2), or poor overall health (n = 9).

Treatment response and survival of patients

Among the 20 included patients, 18 (90%) 
received the full dose of radiotherapy (50.4 Gy at 1.8 Gy/
fraction), whereas two patients (10%) received a lower 
dose of radiotherapy (45.0 and 48.6 Gy) due to grade 
3 esophagitis. However, one patient did not receive the 
second month of gefitinib due to a swallowing problem 
and esophagitis during the radiotherapy course. The 
treatment response of each patient was assessed by 
esophagography, CT scans, and endoscopy performed 
between 4 weeks after completion of this concurrent 
treatment and documented using RECIST. As shown in 
Table 2, 5 cases of CR, 13 cases of PR, and two cases of 
stable disease (SD) were observed among these 20 patients 
after concurrent radiotherapy with gefitinib. The overall 
response rate (CR + PR) was 90%, which satisfied the pre-
defined goal of an end point response rate (CR plus PR) 
of more than 85%.

The median follow-up period was 17 months 
(range, 6–31 months). During the follow-up, 12 (60%) 
patients died, and 13 (65%) patients experienced disease 
progression. The remaining 7 (35%) patients were 
free of disease progression. The median OS of these 
patients was 14.0 months (95% confidence interval [CI]: 
10.0–17.9 months; Figure 1A). The associations of the 
clinicopathological features of these patients with OS 
are summarized in Table 3. In particular, a better OS rate 
occurred in patients with good ECOG performance status 
(14 vs. 4 months, p = 0.000), and the OS was marginally 
better among patients who had never smoked (14 vs. 
9 months; p = 0.088) or those with a mutated EGFR tumor 
(10 vs. 17 months, p = 0.098; Figure 1B, 1C).

Treatment toxicity and safety issues

Acute adverse effects are summarized in Table 4. 
The addition of gefitinib to thoracic radiation therapy 
was generally well tolerated, and the most common 
toxicities were esophagitis (95%) and tracheitis (55%). 
Grade 3 esophagitis only developed in four patients 
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(20%), although grade 1 or higher toxicities occurred 
in approximately 50% patients, including pneumonitis, 
vomiting, fatigue, and rash. The most noticeable adverse 
effects were grade 1/2 and were well controlled by 
supportive care. There was no grade 3/4 impaired liver 
function or hematological toxicity observed in these 
patients.

Treatment failure

By 18 months after treatment, 13 patients had 
experienced relapse and/or distant metastases. The first 
site of relapse was a primary tumor lesion in 7 patients 
(53.8%), distant metastasis in 5 patients (38.4%), 
intrapulmonary metastasis in 2 patients (15.3%), bone 
metastasis in 1 patient (7.7%), and distant lymph 

node metastasis in 1 patient (7.7%). Only one patient 
experienced recurrence of disease simultaneously in the 
primary tumor lesion and at a distant site in the liver. 
Furthermore, 12 patients died during the follow-up 
period, and the causes of the death included progression 
of a primary tumor in four patients (33.3%), bacterial 
pneumonia in 4 patients (33.3%), tracheoesophageal 
fistula in 1 patient (8.3%), and an unspecified cause in 
3 patients (25.0%).

Expression of EGFR protein and EGFR 
mutations

EGFR protein expression and EGFR mutations were 
analyzed in 15 patients (5 patient had insufficient tissue 
material). Immunohistochemical staining showed that two 

Table 1: Baseline characteristics of the patients
Clinical characteristics No. of patients (%)

All Patients 20 (100%)

Gender

 male 13 (65)

 female 7 (35)

Age (years)

 Median (range) 76 (65–83)

ECOG PS

 0 and 1 18 (90)

 2 2 (10)

TNM stage (UICC 2002)

 II : T2–3N0M0, T1–2N1M0 8 (40)

 III : T3N1M0, T4NanyM0 10 (50)

 IV: TanyNanyM1a 2 (10)

Cigarettes/year

 ≥400 8 (40)

 Never smoked 12 (60)

*EGFR expression

 High 8 (40)

 Low 7 (35)

 N/A 5 (25)

*EGFR mutation

 Positive 3 (15)

 Negative 12 (60)

 N/A 5 (25)

ECOG PS, Eastern Cooperative Oncology Group performance status; TNM, tumor-node-metastasis; EGFR, epidermal growth 
factor receptor, N/A, not available because of insufficient tissues.
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Table 2: Treatment efficacy of the patients
Efficacy No. of patients (%)

Response

 Overall response rate 18 (90%)

 Disease control rate

  Complete response 5 (25%)

  Partial response 13 (65%)

  Stable disease 2 (10%)

  Progressive disease 0 (0)

Survival

 Median (months) 14.0 (95% CI: 10.0–17.9)

 1 year (%) 58.2

 Progression-free survival

  Median (months) 7.0 (95% CI: 0–17.2)

Figure 1: Kaplan-Meier curves for OS. A. Kaplan-Meier curves for OS. B. Kaplan-Meier curves for OS stratified by tobacco 
smoking status (log-rank test: p = 0.088). C. Kaplan-Meier curves for OS stratified by EGFR mutation status (log-rank test: p = 0.098).
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Table 3: Association of clinicopathological data with OS of the patients
Clinicopathological data Median overall survival (months) p

All Patients 14

Gender

 Male 14 0.873

 Female 13

ECOG PS

 0,1 14 0.000

 2 4

TNM stage (UICC 2002)

 I/II 14 0.795

 III/IV 11

Cigarettes/year

 ≥400 9 0.088

 Never smoked 14

*EGFR expression

 High 10 0.736

 Low 13

*EGFR mutation

 Positive 17 0.098

 Negative 10

ECOG PS, Eastern Cooperative Oncology Group performance status; TNM, tumor-node-metastasis; EGFR, epidermal growth 
factor receptor.
*EGFR expression and mutation status were evaluated in 15 patients (5 patients had insufficient material).

Table 4: Acute toxicities after treatment
Grade 0 1 2 3 Total (1 + 2 + 3)

Esophagitis 5%(1) 20%(4) 55%(11) 20%(4) 95%

Tracheitis 45%(9) 40%(8) 15%(3) 0 55%

Pneumonitis 55%(11) 25%(5) 15%(3) 5%(1) 45%

Fatigue 50%(10) 30%(6) 15%(3) 5%(1) 50%

Vomiting 50%(10) 35%(7) 15%(3) 0 50%

Rash 60%(12) 15%(3) 25%(5) 0 40%

Diarrhea 65%(13) 25%(5) 10%(2) 0 35%

Leucopenia 80%(16) 15%(3) 5%(1) 0 20%

Hemoglobin 85%(17) 10%(2) 5%(1) 0 15%

Platelet count 95%(19) 0 5%(1) 0 5%

Weight loss 90%(18) 10%(2) 0 0 10%
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patients had no discernible EGFR expression; five patients 
showed 1+ expression of EGFR in tumors; five patients 
showed 2+ expression of EGFR in tumors; and three had 
ESCC with a 4+ level of EGFR expression (Figure 2A). 
After treatment, patients with ESCC expressing high 
levels (2+ and 3+ expression) of EGFR had a median OS 
of 13 months compared to 10 months in patients with an 
ESCC tumor showing a low level of EGFR expression, 
although this difference was not statistically significant 
(p = 0.537; Table 3).

Furthermore, EGFR was mutated in three patients 
(20%), whereas the rest of the 12 patients did not have 
EGFR exon 19–21 mutations (Figure 2B). After the 
treatment, patients with a tumor exhibiting EGFR mutation 
had a median OS of 17 months compared to 10 months in 
patients whose tumors were without an EGFR mutation 
(p = 0.098; Table 3 and Figure 1C).

DISCUSSION

The results of our current study suggest that 
concomitant treatment with gefitinib and thoracic 
radiotherapy in elderly ESCC patients had significant 
clinical value. The overall response rate (CR + PR) was 
90%, which exceeded the goal per our study design. Only 
one patient did not receive the second month gefitinib due 
to side effects of radiotherapy (esophagitis and swallowing 
problem). The median OS of our patients was 14.0 months 
(95% CI, 10.0–17.9 months), which was better than the 
OS of 9.3 months with radiotherapy alone reported in the 
RTOG-8501 trial [23]. Furthermore, our current study is 
the first such trial conducted in China for documenting the 
feasibility and efficacy of the treatment.

For this clinical trial, we recruited 20 ESCC patients, 
and the results showed a median OS of 14.0 months 
and a 1-year survival rate of 58.2%. For comparison, 
in the RTOG-8501 trial, [23] the 1-year survival rate 
was 34% with radiation and 52% with platinum-based 
chemoradiation therapy. The low numbers of patient 
responses to these treatments may because only 59% of 
the patients thought to be candidates for chemoradiation 
regimen actually completed the planned chemoradiation 
therapy. Moreover, only one other previous study assessed 
the combination of an EGFR tyrosine kinase inhibitor 
(erlotinib) with thoracic radiation therapy for treating 
ESCC patients in Asia. [21] Similar to the results of 
our current study, that study reported a median OS and 
progression-free survival (PFS) of 21.1 and 12 months, 
respectively. The 2-year OS, PFS, and local-regional 
relapse-free survival rates were 44.4%, 38.9%, and 66.7%, 
respectively. Thus, gefitininb combined with radiation 
therapy is a better choice for elderly ESCC patients who 
are ineligible for platinum-based chemotherapy.

Furthermore, the current study was the first to 
correlate tobacco smoking and other clinicopathological 

data with treatment responses. We found that those 
who had never smoked had a better treatment response 
to gefitinib/radiation therapy than did heavy smokers, 
although this difference was not statistically significant. 
Tobacco smoking could indeed lead to a low response 
to another EGFR tyrosine kinase inhibitor, erlotinib, 
due to 25% lower bioavailability and an increase in its 
major metabolite OSI-420 (due to faster clearance). [24] 
Moreover, we only obtained 15 of 20 prospectively banked 
tissues samples from the patients for detection of EGFR 
alterations. Based on previous studies of non-small cell 
lung cancer, EGFR mutations occurred more common in 
non-smoking patients. [25–28] EGFR gene mutation status 
has not been prospectively studied in esophageal cancer, 
although it has been shown to significantly correlate with 
the response of lung cancer patients to EGFR-TKI therapy. 
[29, 30] In our current study, despite the small number of 
patients limiting the statistical power to draw a definite 
conclusion, it is intriguing that an EGFR mutation was 
associated with a better outcome tendency in gefitinib-
treated patients (OS, 17 vs. 10 months in ARMS-positive 
and -negative patients, respectively). In addition, patients 
with ESCC expressing high levels of EGFR had a better 
OS than patients with an ESCC tumor with low EGFR 
expression, although this difference was not statistically 
significant. However, a previous phase II study of gefitinib 
as a second-line treatment for advanced esophageal 
cancer reported a significantly higher disease control rate 
(response and SD) in patients with ESCC expressing high 
levels of EGFR. [31] However, to date, the use of an EGFR 
alteration (overexpression or mutation) as a predictive 
marker for treatment efficacy is still controversial; thus, 
the design of a proper multidisciplinary clinical trial will 
confirm the usefulness of EGFR alteration as a biomarker 
for EGFR-targeted therapy of ESCC patients. In addition, 
our current study also showed that concurrent radiotherapy 
with gefitinib is effective in elderly patients with ESCC 
without EGFR overexpression or mutation, indicating that 
gefitinib could help to sensitize tumor cells to the effect of 
radiotherapy. However, further study is needed to clarify 
whether and how gefitinib can be used to sensitize the 
effect of radiotherapy on tumor cells.

In addition, the present study also showed that 
this regimen of therapy was generally well-tolerated by 
the patients. The addition of daily gefitinib to thoracic 
radiation therapy was associated with only mild toxicity. 
Most adverse effects were grade I/II and easily controlled 
by supportive care. For patients with grade III esophagitis, 
treatment was delayed for about 1 week. Only one patient 
developed grade III pneumonitis at 2 months after 
concurrent treatment, and there were no cases of grade 3/4 
impaired liver function or hematological toxicity observed 
in these patients. Thus, the data from the current study 
support the safety of concomitant treatment with gefitinib 
and thoracic radiotherapy in ESCC patients.
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Figure 2: Alteration of EGFR expression and EGFR mutation. A. Expression of EGFR protein: in normal esophageal epithelium 
(a); negative, no discernible staining or background type staining (b); 1+, definite cytoplasmic staining and/or equivocal discontinuous 
membrane staining (c); 2+, unequivocal membrane staining with moderate intensity (d); and 3+, strong and complete plasma membrane 
staining (e). B. EGFR mutation: mutated EGFR (a-b); wild-type EGFR (c).
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However, our current study does have some 
limitations. For example, no true control group was 
included in this a single-arm, phase II clinical trial, and 
only ESCC patients were recruited in this study. The 
incidence of esophageal adenocarcinoma is dramatically 
increasing in Western countries. Therefore, the results 
of this study may be not generalized to apply for North 
American and European patients. Secondly, although 
daily oral 250 mg gefitinib was administered for 
2 months concurrently to the radiotherapy, the optimal 
duration was not determined, and further studies are 
needed to identify the optimal targeting treatment 
duration for esophageal cancer. Thirdly, the incidence 
of EGFR mutations is different with various sensitivity 
detection methods. [32] In the current study, we detected 
an EGFR mutation with ARMS, which is a highly 
sensitive method, and the incidence of EGFR mutations 
in our patients was relatively higher than that reported 
previously. [7, 9, 10] Finally, although the data presented 
herein appears promising, this study is relatively small, 
and more data from randomized trials are needed to 
further validate this regimen.

In conclusion, our current data suggest that 
concomitant treatment with gefitinib and thoracic 
radiotherapy was well tolerated and effective in elderly 
ESCC patients. Our study revealed better outcomes in 
patients with good ECOG performance status, a history 
of not smoking, and EGFR mutation; however, we did 
not compare clinical outcomes, including survival rate, 
local disease control, distant metastasis, and treatment 
response, directly with those by common treatment 
modalities, such as chemoradiotherapy. Therefore, a future 
randomized study is needed to further confirm the benefits 
of concomitant treatment with gefitinib and thoracic 
radiotherapy in ESCC patients.

MATERIALS AND METHODS

Patient eligibility

In this study, we recruited 20 elderly (65 years 
or older) patients with biopsy-proven primary ESCC 
who were ineligible for and not treated with platinum-
based chemotherapy, due to neuropathy (n = 2), cardiac 
disease (n = 7), poor performance status (n = 2), or 
poor overall health (n = 9). All patients had an Eastern 
Cooperative Oncology Group (ECOG) performance 
status of 0–2. The clinical stage was determined by 
a computed tomography (CT) scan of the chest and 
abdomen, barium-swallow X-ray, and endoscopic 
ultrasonography. If necessary, positron emission 
tomography-computed tomography (PET-CT) scan 
was performed. TNM stage IVa patients were included, 
but only if a distant metastasis occurred in celiac or 
cervical lymph nodes, but not in other sites. Leukocyte 

counts were ≥3,000/mm3, the absolute neutrophils 
≥1,500/mm3 and platelets ≥100,000/mm3. Serum levels 
of bilirubin, aspartate transaminase (AST), and alanine 
transaminase (ALT) were within the normal range, and 
alkaline phosphatase was ≤2.5 times the institutional 
upper limit. Bronchoscopy with biopsy and cytology 
was performed if the trachea or bronchus was involved. 
The exclusion criteria were as follows: patients with 
concurrent malignancies other than basal cell/squamous 
cell skin cancer, in situ cervical cancer, or transitional 
cell bladder cancer; a history of allergy to gefitinib or its 
excipients; life expectancy <3 months; prior anti-EGFR 
therapy; lack of physical integrity of the gastrointestinal 
tract or malabsorption that would impair the absorption 
of the study drug; and clinically active interstitial lung 
disease, or concomitant use of CYP 3A4/5 inducers or 
inhibitors.

The current study was approved by the Ethical 
Review Committee of Zhejiang Cancer Hospital 
(Hangzhou, China). Recommendations of the Declaration 
of Helsinki for biomedical research involving human 
subjects were also followed. Each patient signed a written 
informed consent before participating in this study, and a 
copy of the written consent is available for review upon 
request.

Study design, treatment, and assessment

The study was designed as a single center, non-
random, phase II study of open-label gefitinib with 
radiotherapy as a definite treatment for esophageal 
cancer in elderly patients. Gefitinib was administered 
at a daily oral dose of 250 mg for 2 months without 
interruption until it was stopped due to excessive 
toxicity, disease progression, or patient request. In 
cases of excessive toxicity, interruptions were allowed 
up to 14 days. If the adverse effect did not return to 
below grade 2, dose reduction by 250 mg after 2 days 
was allowed, but no more than one dose reduction 
was permitted. Toxicity was assessed according to the 
National Cancer Institute Common Toxicity Criteria 
grading system. External beam radiotherapy was 
delivered on day 1 using high-energy linear accelerators 
with a intensity modulated radiation therapy technique 
and CT simulation to define the gross tumor volume. 
The locoregional draining lymph nodes were included 
in the clinical target volume. Patients received 1.8 Gy/
fraction for a total dose of 50.4 Gy. The radiation 
fields extended 3.5 cm beyond the proximal and distal 
extent of the primary tumor lesions, and the lateral 
borders were 1.0–1.5 cm beyond tumor lesions. The 
dosage was prescribed to the target volume. Paraffin-
embedded tumor tissue blocks were collected from the 
initial diagnostic biopsies of the patients. Complete 
blood counts, including differential counts, as well 
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as a complete metabolic panel, including liver and 
kidney function tests, were assessed weekly during 
the treatment. Treatment response was assessed by 
esophagography, CT scans, and endoscopy that were 
performed 4 weeks after completion of radiotherapy 
and analyzed according to the RECIST (Response 
Evaluation Criteria in Solid Tumors). The treatment 
toxicity was evaluated using the National Cancer 
Institute’s Common Toxicity Criteria (CTCAE 4.0) and 
recorded according to the worst score achieved during 
treatment. All data evaluations and assessments were 
conducted in a blinded fashion.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on 
formalin-fixed, paraffin-embedded tissue sections of 
tissues from eligible ESCC cases. Consecutive tissue 
sections were used to verify the histologic staging. For 
IHC, the sections were first deparaffinized in xylene 
and then subjected to antigen retrieval in 10 mM citrate 
buffer (pH 9.0) with microwave irradiation and up to 3% 
hydrogen peroxide treatment. After that, the sections were 
incubated with a primary pre-diluted mouse anti-EGFR 
antibody (clone #2-18C9; DAKO, Hamburg, Germany), 
a monoclonal mouse anti-human Ki67 antibody (clone 
#MIB-1; DAKO; at 1:400 dilution), or a monoclonal 
mouse anti-human cyclin-D1 antibody (cat #RM-9104-S; 
Neomarker, Fremont, CA, USA; at 1:25) at 4°C overnight. 
On the next day, the sections were further incubated with 
an EnVision kit indirect peroxidase system (DAKO) 
and visualized using 3,3′-diaminobenzidine (DAB) as a 
chromogen. The sections were then counterstained with 
hematoxylin and viewed under a microscope to assess 
the percentage and intensity of nuclear and non-nuclear 
staining in tumor cells as well as background staining by 
two independent observers in a blinded manner.

The intensity of immunostaining was scored using 
a four-tier system: negative, no discernible staining or 
background type staining; 1+, definite cytoplasmic staining 
and/or equivocal discontinuous membrane staining; 2+, 
unequivocal membrane staining with moderate intensity; 
and 3+, strong and complete plasma membrane staining. 
Samples exhibiting 2+ or 3+ immunostaining are classified 
as highly expressing EGFR.

Detection of EGFR mutations

EGFR mutations at exons 19–21 were detected 
using a Therascreen RGQ PCR kit (Qiagen, Hilden, 
Germany), which uses the Scorpions technology and the 
amplified refractory mutation system (ARMS) to detect 
EGFR mutations after real-time PCR amplification. This 
sensitive method can detect 29 types of EGFR mutations, 
and the experiments were performed according to the 
manufacturer’s instructions as described previously. [33]

Statistical analysis

The number of patients required was estimated 
according to the methodology by Makuch and Simon 
for a phase II clinical trial [34]. This clinical trial was 
designed as a prospective, single center, non-random, 
phase II study. The primary end point of the study was the 
response rate, and the secondary end points were survival 
time and toxicity with this concurrent radiotherapy/
gefitinib regimen. The study was designed to measure 
a response rate (cases of CR plus those of PR) of 85% 
compared with a minimal, clinically meaningful response 
rate of 70%. Upon employing an α = 0.05 and a β = 0.20, 
the target number of patients required to achieve this level 
of significance was 20 cases.

Given the known risks of concomitant therapy, 
a toxicity analysis was planned after 10 patients had 
completed treatment. Toxicity was judged unacceptable 
if four or more of these 10 patients had at least grade III 
esophageal or pulmonary toxicity.

PFS of the patients was measured from the 
beginning of treatment until disease progression, and OS 
was calculated from the first day of initiation of treatment 
until death or until the last follow-up examination. The 
survival curves were calculated using the Kaplan-Meier 
method. Associations between patient characteristics 
and survival were assessed using the log-rank test. The 
considered variables included: gender, ECOG score, TNM 
stage, tobacco smoke, and EGFR status. The data were 
analyzed anonymously. Statistical analysis was performed 
using SPSS software, Version 19.0 (SPSS Inc., Chicago, 
IL, USA). All probability values were two-sided, and 
p value <0.05 was considered statistically significant.
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