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Abstract. Chemoradiotherapy for advanced esophageal cancer 
is a standard treatment alongside surgical treatment. Although 
numerous investigators have attempted to identify the predic-
tive markers for chemoradiosensitivity, there appear to be few 
candidates that can be applied in clinical use. Using biopsy 
specimens, we investigated the apoptotic index (AI) prior to 
treatment and following a radiation dose of 10 Gy to detect the 
early response to chemoradiotherapy in 28 patients with esoph-
ageal squamous cell carcinoma. Molecular markers, including 
p53, p21, bax, bcl-2, HSP27, HSP70, HSP90, Ku70, Ku86 and 
HIF-1α, were also examined by immunohistochemical staining. 
The patients were divided into two groups depending on the 
response to chemoradiotherapy: a responder group (RG) (n=19) 
that included the patients with complete or partial response, 
and a non-responder group (NRG) (n=9), that included patients 
with stable or progressive disease. In the RG and NRG, the AI 
of pretreatment was 4.7±5.3 (mean ± SD, cells/1,000 cells) and 
5.9±3.7, respectively. The apoptotic index ratio (AIR), which 
was determined by dividing the AI following 10 Gy radiation 
by the pretreatment AI, was higher in the RG compared to the 
NRG (4.7±4.5 versus 1.9±1.4, p=0.03). When the cut-off value of 
AIR was set at 2.4, the sensitivity, specificity and accuracy were 
74, 78 and 76%, respectively. Among the molecular markers we 
examined immunohistochemically, a positive p53 expression 
in the pretreatment evaluation was associated with the efficacy 
of chemoradiotherapy (p=0.08). Regarding the expression of 
other molecular markers, no significant correlations were found 
in RG and NRG. In the present study, the results indicated that 

AIR is useful for the prediction of chemoradiosensitivity in 
esophageal squamous cell carcinoma.

Introduction

Findings of the majority of meta-analyses of randomized 
trials with surgery versus surgery and chemoradiotherapy for 
advanced esophageal cancer showed that preoperative chemora-
diotherapy is beneficial in improving outcome for patients with 
locally advanced esophageal cancer compared with surgery 
alone (1-4). Despite recent advances in multimodality treatment, 
complete pathological response to chemoradiotherapy occurred 
in 10-45.5% of patients with advanced esophageal cancer (5). 
Patients with advanced esophageal cancer are not likely to 
reap any benefits from chemoradiotherapy. The prediction of 
chemoradiosensitivity for patients with advanced esophageal 
cancer is necessary to determine the therapeutic course prior 
to treatment. Various studies have identified candidates for 
molecular markers to predict the efficacy of chemoradiotherapy 
for advanced esophageal cancer using biopsy specimens prior 
to chemoradiotherapy (6-14). These studies demonstrated the 
correlation between the response of chemoradiotherapy and the 
expression of molecular markers including apoptosis, cell cycle, 
stress, DNA damage and proliferation-related genes. Among 
them, p53 and its related genes, p21 and bax, which play a 
pivotal role in the regulation of cell fate, have been investigated 
the most in the evaluation of chemoradiosensitivity (7-10). 
Regarding apoptosis-related genes, bcl-2 is also known to 
act as an apoptotic suppressor (10). Moreover, the heat shock 
protein family, including HSP27, HSP70 and HSP90, has been 
demonstrated to have anti-apoptotic effects and is resistant to 
chemo- and radiotherapy (11). In particular, apoptosis induced 
by radiation occurred due to DNA double-strand breaks that 
are predominantly repaired by the binding of Ku70 and Ku86 
proteins to the free DNA ends followed by recruitment of the 
catalytic subunit of DNA-dependent protein kinase (12,13). 
Hypoxic conditions with hypoxia-inducible factor 1α (HIF-1α)  
expression also are resistant to chemotherapy and radio-
therapy (14). Although these molecules may contribute to 
predicting the efficacy of chemoradiotherapy in esophageal 
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cancer, at present there is no consensus regarding the applica-
tion of these markers in clinical practice.

In this study, we focused on the detection of early response 
to chemoradiotherapy to determine the appropriate thera-
peutic course, resulting in the prevention of severe adverse 
events, and reduction of the costs involved for patients with 
esophageal cancer. Thus, we investigated the apoptotic index 
(AI) immediately prior to treatment and following a radia-
tion dose of 10 Gy using biopsy specimens. Additionally, we 
examined molecular marker candidates for chemoradiosensi-
tivity, including p53, p21, bax, bcl-2, HSP27, HSP70, HSP90, 
Ku70, Ku86 and HIF-1α, as previously reported (6-14).

Materials and methods

Patients and tissue samples. Biopsy specimens were obtained 
endoscopically from 28 patients (26 males and 2 females) 
with esophageal squamous cell carcinoma prior to chemo-
radiotherapy or radiotherapy and following a radiation dose 
of 10 Gy in one week at the Saitama Medical Center, Japan, 
between November 2007 and December 2008. The median 
age of the patients was 70 years (range 52-83). The location 
of the primary tumor was as follows: cervical esophagus 
in 1 patient, upper thoracic esophagus in 8 patients, middle 
thoracic esophagus in 12 patients and lower thoracic esophagus  
in 7 patients. Tumor stage was classified according to the 
sixth edition of the TNM classification of the International 
Union against Cancer (UICC) (15). Tumor stage: stage I, 
4 patients; stage II, 5 patients; stage III, 14 patients; and 
stage IV, 5 patients. Biopsy specimens were fixed in formalin, 
embedded in paraffin and sectioned at a thickness of 4 µm. 
The samples were examined following hematoxylin and eosin 
staining. Immunohistochemical studies and an apoptosis study 
were also performed. Written informed consent to participate 
in the study was obtained from each patient prior to treatment, 
according to the ethics guidelines of Saitama Medical Center, 
Saitama Medical University.

Treatment protocol. Following diagnosis, the patients 
underwent radiotherapy or chemoradiotherapy, consisting 
of concurrent radiotherapy and chemotherapy, for 7 weeks. 
External-beam radiotherapy was delivered by a two-field 
technique using a 10 MV photon beam and the total dose 
was 60-70 Gy in 30-35 fractions. Radiation therapy without 
concurrent chemotherapy was performed in 4 patients. A total 
of 24 patients received the following concurrent chemotherapy: 
13 patients underwent a regimen of 70 mg/m2 cisplatinum 
administered intravenously over 1 h on days 1 and 29, and 
700 mg/m2 5-fluorouracil (5-FU) administered as a continuous 
intravenous infusion on days 1-5 and 29-33. Two patients 
received 6.6 mg/m2 cisplatinum administered intravenously 
over 1 h on days 1-5, 8-12 and 29-33, and 350 mg/m2 5-FU was 
administered as a continuous intravenous infusion on days 1-5, 
8-12 and 29-33. Nine patients received the regimen that 
consisted of 6.6 mg/m2 docetaxel administered intravenously 
over 1.5 h on days 1, 8, 15, 22, 29 and 37.

Clinical features and evaluation of treatment. Prior to 
treatment, all 28 patients were evaluated by radiographic 
examination (chest X-rays and barium swallow), endoscopy 

(esophagoscopy and in certain cases bronchoscopy), endo-
scopic ultrasonography and computed tomography (CT). 
Biopsy samples were obtained from three or more points. The 
clinical response was evaluated 2 weeks following the end 
of treatment according to the Response Evaluation Criteria 
in Solid Tumors (RECIST) (16) and the guidelines of the 
Japanese Society for Esophageal Diseases (JSED) (17,18). 
When the case had a lesion that could be evaluated, we evalu-
ated the response according to RECIST. When such a lesion 
was not present, we evaluated the response according to the 
guidelines of JSED. Assessment included repeated endoscopy 
and CT scans. Endoscopy was carried out by two investigators. 
All 28 patients underwent a CT scan of the neck, chest and 
abdomen. CT was performed at a slice width of 10 mm from 
the neck to the bottom of the liver using an intravenous contrast 
medium. The response was classified as complete response,  
partial response (>30% decrease), stable disease (<30% 
decrease) and progressive disease in the treatment lesion.

Immunohistochemical staining. Immunohistochemical staining 
was performed by the labeled streptavidin biotinylated anti-
body (LSAB) method using a Super Sensitive Detection Kit 
(BioGenex Laboratories, Inc., CA, USA). Paraffin-embedded 
histological sections (4-µm) were deparaffinized and washed 
with water, and then endogenous peroxidase activity was blocked 
with 0.3% H2O2 in methanol. After washing in phosphate- 
buffered saline (PBS), a blocking agent (Dako, Glostrup, 
Denmark) was used to regulate non-specific reactivity. For 
antigen retrieval, the sections were autoclaved at 121˚C for 
15 min or in a microwave oven for 10 min. These sections 
were then incubated with the primary antibodies at room 
temperature for 60 min or overnight. After washing in PBS, 
tissues were incubated with biotin-labeled anti-rabbit or anti-
mouse secondary antibodies for 20 min at room temperature 
and then reacted with streptavidin-biotin horseradish peroxi-
dase complex for 20 min. Immunostaining was visualized 
by develo-ping the slides in diaminobenzidine (DAB). The 
sections were lightly counterstained with hematoxylin. 
Negative controls were prepared by substituting blocking 
buffer for each primary antibody, and no detectable staining 
was evident.

Antibodies were purchased from the following manufac-
turers: monoclonal antibody (Mab) specific for p53 (DO-7; 
DAKO A/S, Glostrup, Denmark; 1:40), Mab specific for p21 
(4D10; Novocastra Laboratories Ltd., Newcastle, UK; 1:20), 
Mab specific for bax (sc-7480; Santa Cruz Biotechnology, 
Inc., Santa Cruz, CA, USA; 1:100), Mab specific for 
bcl-2 (124; DAKO A/S; 1:100), Mab specific for HSP27 
(G3.1; StressGen Biotechnologies Corporation, Victoria, 
BC, Canada; 1:400), Mab specific for HSP70 (C92F3A-5; 
StressGen Biotechnologies Corporation; 1:100), Mab specific 
for HSP90 (k3705; StressGen Biotechnologies Corporation; 
1:600), Mab specific for Ku70 (M-19; Santa Cruz 
Biotechnology, Inc.; 1:500), Mab specific for Ku86 (M-20; 
Santa Cruz Biotechnology, Inc.; 1:20) and Mab specific for 
HIF-1α (OZ12; Thermo Fisher Scientific Inc. Waltham, MA, 
USA; 1:10).

TUNEL method. Apoptotic cells were determined by the 
TUNEL method. Apoptotic cells were visualized using the 
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ApopTag Plus peroxidase in situ apoptosis detection kit 
(Chemicon International, Temecula, CA, USA). Formalin-fixed, 
paraffin-embedded sections were deparaffinized in xylene and 
dehydrated through graded alcohol. Briefly, following routine 
deparaffinization, sections were incubated with proteinase K 
for 15 min at room temperature. The sections were washed 
twice in distilled water for 2 min each time and incubated with 
3% H2O2 for 5 min. The sections were subjected to enzymic 
homopolymeric tailing with TdT and digoxigenin-labeled 
nucleotides for 60 min at room temperature in a humidified 
atmosphere. The nucleotides incorporated were revealed by 
incubation with anti-digoxigenine antibody bound to peroxi-
dase for 30 min at room temperature. Immunostaining was 
visualized by developing the slides in DAB. Counterstaining 
was performed with methyl green.

Evaluation of molecular marker expression and the AI. 
Expression of molecular markers was evaluated as positive  
when the nucleus and/or cytoplasm of cancer tissue indicated 
at least 5% dye-affinity when the total field of view was 
observed at a magnification of x40. The AI was statistically 
averaged as the number of positive cells among >1,000 tumor 
cells counted in three randomly selected areas. The AI ratio 

(AIR) was determined by dividing the AI following 10 Gy 
radiation by the pretreatment AI. Assessment of the staining 
was evaluated by two independent pathologists who had no 
access to data pertaining to the clinical status of the patients.

Statistical analysis. Associations between categorical variables 
and the expression of molecular markers were evaluated with 
the Fisher's exact probability test, Mann-Whitney's U test, 
Wilcoxon signed-ranks test and the paired t-test. A receiver 
operating characteristics (ROC) curve was generated to deter-
mine the optimal cut-off value for diagnostic discrimination. 
The differences at P-values <0.05 were considered significant, 
and all P-values reported were two-sided. Statistical analyses 
were carried out using Statflex (ver6.0 Artec, Osaka, Japan).

Results

Correlation between clinicopathological characteristics and 
the response to chemoradiotherapy. Regarding the efficacy 
of chemoradiotherapy, there was a complete response in 
5 patients (17.9%), a partial response in 14 patients (50%), 
stable disease in 6 patients (21.4%) and progressive disease in 
3 patients (10.7%). The patients were divided into two groups 

Table I. Correlation between clinicopathological characteristics and response to chemoradiotherapy.

 Responders Non-responders P-value
 (n=19) (n=9) 

Age median (range) 74 (62-80) 68 (52-83) 0.27
Gender   0.99
  Male (n=26) 18 8 
  Female (n=2) 1 1 
Location   0.27
  Cervical (n=1) 1 0 
  Upper thoracic (n=8) 7 1 
  Middle thoracic (n=12) 8 4 
  Lower thoracic (n=7) 3 4 
Depth of invasion   0.14
  T1 (n=4) 4 0 
  T2 (n=5) 3 2 
  T3 (n=15) 8 7 
  T4 (n=4) 4 0 
Regional lymph node   0.44
  N0 (n=9) 7 2 
  N1 (n=19) 12 7 
Distant metastasis   0.68
  M0 (n=23) 16 7 
  M1 (n=5) 3 2 
Stage   0.52
  I (n=4) 4 0 
  II (n=5) 3 2 
  III (n=14) 9 5 
  IV (n=5) 3 2 
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depending on the response: responder group (RG) (n=19), 
including the patients with complete or partial response, and 
the non-responder group (NRG) (n=9), which included patients 
with stable or progressive disease. The correlation between the 
patient characteristics and the response to chemoradiotherapy 
is shown in Table I. No correlations were statistically observed 
between RG and NRG in terms of age, gender, tumor location, 
depth of invasion, regional lymph node, distant metastasis and 
UICC stage.

AI comparing with RG and NRG. Using biopsy specimens, 
the AI was examined prior to treatment and following a radia-
tion dose of 10 Gy in RG and NRG (Fig. 1A and B). In RG 
and NRG, AI of pretreatment was 4.7±5.3 (cells/1000 cells) 
and 5.9±3.7, respectively (P=0.18). Following a radiation dose 
of 10 Gy, the AI was 12.9±6.8 in RG and 11.0±10 in NRG 
(P=0.36). No statistically significant difference was found 
between these groups prior to treatment and following 10 Gy 
radiation (Table II).

We then analyzed the AIR of prior to treatment and 10 Gy 
radiation. AIR was found to be 4.7±4.5 in RG and 1.9±1.4 in 
NRG. The AIR of RG was significantly higher than that of 
NRG (P=0.03) (Fig. 2). When the ROC curve was generated  
to determine the optimal cut-off value for predicting the 
response of chemoradiotherapy using AIR, the area under 
the ROC curve was 0.78 (Fig. 3). Based on the result of the 
ROC curve, when the cut-off value of AIR was set at 2.4, 
the sensitivity, specificity and accuracy were 74, 78 and 76%, 
respectively.

Table II. Apoptotic index.

 Responders Non-responders P-value
 (n=19) (n=9)

Pretreatment 4.7±5.3 5.9±3.7 0.18 
After 10 Gy 12.9±6.8 11.0±10 0.36 

Mann-Whitney U test.

Figure 2. Comparison of the apoptotic index ratio (AIR) between responder 
(RG) and non-responder groups (NRG). AIR was calculated to compare the 
AI prior to treatment with that after a radiation dose of 10 Gy. The AIR of RG 
was significantly higher than that of NRG. Statistical analysis was performed 
by a Mann-Whitney U test. Each mean ± SD of RG and NRG is shown.

Figure 3. The ROC curve for the optimal cut-off value for predicting the 
response of chemoradiotherapy using apoptotic index ratio (AIR). Based on 
the result of ROC curve, when a cut-off value of AIR was set at 2.4, the 
sensitivity, specificity and accuracy were 74, 78 and 76%, respectively.

Figure 1. The representative pattern of apoptotic cells by a TUNEL method in esophageal squamous cell carcinoma. (A) Apoptotic cells were detected by a 
TUNEL method using a biopsy specimen prior to treatment in the representative case (magnification, x40). (B) Apoptotic cells were detected by a TUNEL 
method using the biopsy specimen following a radiation dose of 10 Gy in the same case (magnification, x40).

  A   B
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Correlation between the expression of molecular markers 
and the chemoradiosensitivity. Using biopsy specimens, 
we examined the expression of the molecular markers,  
including p53, p21, bax, bcl-2, HSP27, HSP70, HSP90, Ku70, 
Ku86 and HIF-1α, immuno histochemically prior to treatment 
and following a radiation dose of 10 Gy, and analyzed the 
correlation between the protein expression and chemoradio-
sensitivity. The positive expression of p53 prior to treatment is 
associated with the efficacy of chemoradiotherapy, no statis-
tical significance was observed (p=0.08). Regarding further 
molecular expression in biopsy specimens obtained prior to 
treatment and following a radiation dose of 10 Gy, no signifi-
cant correlations were found in RG and NRG.

Discussion

The candidates for molecular markers for the prediction 
of chemoradiosensitivity for esophageal cancer have been 
investigated to identify the responders or non-responders 
prior to treatment. Chemoradiosensitivity may be used to 
allow appropriate treatment to be administered for predicted 
responders and to prevent severe adverse events and save 
costs for predicted non-responders. A number of molecular 
markers have been examined retrospectively and reported 
as good predictors for chemoradiotherapy in esophageal 
cancer (6-14). It is reasonable that most of these markers are 
associated with the apoptotic pathway. However, consensus 
regarding the application of these markers in clinical prac-
tice has not been reached. The aim of the present study was 
to find the appropriate marker for the prediction of tumor 
response against chemoradiosensitivity at a relatively early 
step, and then focus on the observation of the apoptotic 
cells directory using a TUNEL method as an AI. Based on 
this hypothesis, we compared the AI of biopsy specimens 
following a radiation dose of 10 Gy with that prior to treat-
ment. As a result, we found that AIR reflected the efficacy of 
chemoradiotherapy. AIR of RG was significantly higher than 
that of NRG. Furthermore, the sensitivity, specificity and  
accuracy were approximately 75% when the cut-off value of 
AIR was set at 2.4. These results appear to be significant.

We chose the evaluation point of 10 Gy (5 days) 
following radiation. The clinically crucial objective is to 
make a go/no-go decision for chemoradiotherapy by precise 
assessment of chemoradiosensitivity at a relatively early 
stage. Although we are not able to emphasize the reason 
for 10 Gy being the most appropriate dose to judge the 
early efficacy of chemoradiotherapy, the evaluation of the 
apoptotic state at 10 Gy appears to be an acceptable dose 
to satisfy the clinical value as mentioned above. A radia-
tion dose of 9 Gy reportedly induces recruitment of cancer 
cells from the heterogeneous cell cycling population to 
the synchronous cycling cell population, resulting in the 
enhancement of radiosensitivity (19). As a result, the high 
growth fraction at 9 Gy was associated with a favorable 
prognosis in cervical cancer patients (19). Moreover, another 
study demonstrated that evaluation following 10 Gy doses of 
radiotherapy was useful in predicting the response to radio-
therapy in oral squamous cell carcinoma (20). In in vitro 
experiments, 2-10 Gy radiation substantially induced apop-
tosis using cancer cells (21,22). We observed an apparent 

increase of apoptotic cells in numerous biopsy specimens 
obtained following a radiation dose of 10 Gy compared with 
that prior to treatment. Therefore, our results suggest that the 
assessment of AIR was appropriate to predict the efficacy of 
chemoradiotherapy for the patients with advanced esopha-
geal squamous cell carcinoma.

We further examined the expression of molecular markers, 
including p53, p21, bax, bcl-2, HSP27, HSP70, HSP90, 
Ku70, Ku86 and HIF-1α, which were previously shown to 
be candidates for the prediction of chemoradiosensitivity. In 
our results, the expression of these markers was not associ-
ated with the efficacy of chemoradiotherapy using biopsy 
specimens obtained prior to treatment. Moreover, the marked 
alteration of these markers was not observed in tissues 
following a radiation dose of 10 Gy when compared with 
that prior to treatment. Among those molecules, p53-positive 
expression in pretreatment tissues had a tendency to link to 
the efficacy of chemoradiotherapy. The p53 gene is one of 
the most investigated genes and is mutated in approximately 
50% of cases in numerous types of cancer. Intensive studies 
have suggested that wild-type p53 acts as a key inducer for 
apoptosis and cell cycle arrest against anti-cancer agents and 
radiation, while mutated p53 has achieved radioresistance 
and chemoresistance. However, p53 status does not neces-
sarily correspond to the clinical value. A number of reports 
have shown that the patients with immunohistochemically 
p53-positive expression have a good prognosis and chemo-
sensitivity in esophageal cancer (7,10), although the opposite 
results have also been shown (8,23,24). Another argument is 
that p53 status is not associated with chemoradiosensitivity 
and prognosis for patients with esophageal cancer (25,26). 
Based on these results, even p53 may be unsuitable as a 
predictive marker of chemoradiosensitivity. Therefore, it is 
unlikely that a single molecular marker to predict the efficacy 
of chemoradiotherapy can be identified.

In the case that patients with early stages of esophageal 
cancer have high-risk factors for surgical treatment or desire 
to preserve laryngeal function, chemoradiotherapy would 
be administered, although surgical treatment is also likely 
to produce favorable results. If we were able to predict at an 
earlier stage that the response for chemoradiotherapy is likely 
to be poor, then surgical treatment should be re-considered for 
patients with early stage cancer during chemoradiotherapy. 
That is certainly the case with patients with advanced stage. 
Therefore, our study appears to provide significant results, 
despite certain limitations. For example, the number of 
clinical cases was small and the regimens of chemotherapy 
combined with radiotherapy were not integrated. Based on the 
results, the cases treated with identical regimens of chemo-
radiotherapy for esophageal cancer are to be utilized in the 
future to verify our current results.

In the present study, we found that the comparison of 
AI between biopsy tissues obtained prior to treatment and 
following a radiation dose of 10 Gy was clinically significant 
for the prediction of chemoradiosensitivity in esophageal 
squamous cell carcinoma. Consequently, our findings may 
contribute to determining the therapeutic course, resulting in 
the prevention of severe adverse events and reduced costs for 
the predicted non-responders with esophageal squamous cell 
carcinoma.
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