
Abstract. Background/Aim: The status of each patient with
advanced esophageal cancer varies widely, and the
prognosis is generally poor. We aimed to determine which
prognostic factors are involved in the management of locally
advanced esophageal cancer with adjacent organ invasion.
Patients and Methods: We retrospectively investigated the
therapeutic outcomes of 74 patients with thoracic esophageal
cancer and clinical evidence of adjacent organ invasion but
without distant metastasis. The predictive factors for a
chemoradiotherapeutic response and survival were
evaluated. Results: Definitive chemoradiotherapy (CRT),
bypass surgery and CRT, as well as CRT followed by
esophagectomy were carried out in 48 (64.9%), 17 (23.0%),
and 9 (12.2%) patients, respectively. The median survival
time (MST) of patients overall was 11.3 months. The MST of
patients after definitive CRT, bypass surgery plus CRT and
CRT followed by esophagectomy was 10.4, 11.0 and 16.4
months, respectively; MST did not differ significantly
between patients. MST of patients with a complete response
(CR), a partial response (PR) and stable (SD)/progressive
(PD) disease as clinical outcomes of CRT was 52.6, 11.3 and
6.7 months, respectively; the MST was considerably longer
in patients with, than in those without CR (CR vs. SD/PD,
p<0.0001; CR vs. PR, p=0.0004). In multivariate analysis,
age <60 years [odds ratio (OR)=7.74; 95% confidence
interval (CI)=1.85-32.41; p=0.005] and hemoglobin 
≥13 g/dl (OR=11.54; 95% CI=1.29-103.21; p=0.03) were
independently associated with CR as an outcome of CRT,

and serum albumin level ≥3.5 g/dl (OR=2.11; 95% CI=1.09-
4.10; p=0.03) was independently associated with prolonged
survival. Conclusion: Pre-treatment hemoglobin and albumin
levels were valuable predictors of the outcome of CRT and
survival, respectively. A better response to CRT as well as
improved nutritional status prolonged the survival of patients
with advanced esophageal cancer.

Despite substantial improvements in screening and diagnosis,
esophageal cancer is frequently very advanced at the time of
presentation (1). The thoracic esophagus lacks serosa, and is
closely surrounded by the trachea, bronchus, lung and aorta.
Thus, esophageal cancer is more likely to invade these vital
organs over time and become unresectable. The reported
incidence of esophageal cancer invading adjacent organs is
12-30% (2-7).

Locally advanced esophageal cancer with adjacent organ
invasion is generally treated by chemoradiotherapy (CRT) (8-
11), and by a multimodal approach comprising of
esophagectomy following down-staging and increasing tumor
resectability due to induction therapy (2-7, 12-16). Nevertheless,
the reported 5-year survival rate of such patients ranges from 0
to 42%, despite aggressive treatment (2-6, 8, 9, 15, 16).

Furthermore, patients with advanced esophageal cancer
are frequently malnourished owing to dysphagia caused by
esophageal stricture. The status of each patient with invasive
thoracic esophageal cancer varies widely owing to variability
in tumor extent and the patients’ nutritional and general
status. Thus, it is important to establish the factors that are
involved in therapeutic effectiveness and prognosis for the
tailoring of an optimized treatment strategy to suit the needs
of individual patients and for further improvement of
treatment results.

The present study retrospectively investigated the
therapeutic outcomes of patients with thoracic esophageal
cancer and clinical evidence of adjacent organ invasion but
with no distant metastasis. It also evaluated clinical pre-
treatment factors that might affect survival.
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Patients and Methods

Patients’ characteristics. A total of 96 patients with thoracic
esophageal cancer accompanied by clinical invasion of a primary
tumor, or lymph node metastasis to adjacent organs, were treated at
the Hiroshima University Hospital between January 2000 and
August 2011. Among these patients, 74 were selected for the present
study based on the following eligibility criteria: Eastern Cooperative
Oncology Group performance status, 0-2; no distant organ
metastasis; no concomitant advanced cancer; adequate organ
function; and CRT as the initial treatment. Patients in poor general
health who underwent only palliative radiation therapy without
chemotherapy were excluded. Patients with the M1 lymph node
within the radiation field were included in the study. We obtained
appropriate approval for this study from the Institutional Review
Board of Hiroshima University (#eki-728).

Table I shows the clinical characteristics of the patients (61 males
and 13 females; mean age, 66.4±10.4 years) enrolled in our study.
The clinicopathological profile of each patient was based on the
TNM Classification of Malignant Tumors Sixth edition (17).

We also analyzed the body-mass index, neutrophil to lymphocyte
ratio, hemoglobin (HB), serum albumin (ALB) and carcinoembryonic
antigen levels as pre-treatment clinical parameters that might affect
the outcomes of CRT and survival (Table I).

Pre-treatment evaluation. Pre-treatment work-up included a physical
examination, standard laboratory tests, chest radiography, upper
gastrointestinal endoscopy, esophagography and computed
tomography (CT) imaging of the neck, chest and abdomen; and
from 2004, systematic positron emission tomography/CT imaging.
Patients with suspected tumor invasion of the respiratory tract were
also assessed using bronchoscopy.

The clinical diagnosis of tumor invasion to adjacent organs was
generally determined from CT images as obvious displacement and
deformation of an organ by a tumor, accompanied by the absence
of a fat layer between the primary tumor or metastatic lymph node
and the adjacent organ. Airway invasion was defined as the
displacement, indentation or flattening of the trachea or bronchus
by a tumor or by a tumor protruding into the airway on CT images
(Figure 1A), or by direct visualization on bronchoscopy. Aortic
invasion was defined as direct contact between the tumor and aorta
(Picus angle) exceeding 90˚ without a fat layer on CT images
(Figure 1B) (18). Radiological evaluations of tumor stage for all
patients were reviewed in pre-treatment meetings with radiologists,
surgeons and oncologists at our hospital.

When the presence or absence of adjacent organ invasion was
uncertain, the lower category (T3) was selected according to the
general rule for uncertainty in TNM staging. Therefore, patients
were excluded from the present study when there was clinical
uncertainty regarding adjacent organ invasion.

Adjacent organs involved with primary tumor or metastatic lymph
nodes. Table II describes the invasion into adjacent organs by
primary tumors or metastatic lymph nodes. Clinical tumor invasion
most frequently involved the trachea and/or bronchus (n=45; 49.5%)
and the aorta (n=25; 27.5%). One organ was invaded in the majority
of patients at the time of initial diagnosis.

Chemoradiotherapy. Three main CRT regimens were administered
during the study. From 2000 to 2002, radiation was combined with low
dose-cisplatin and 5-fluorouracil regimens consisting of 5 mg/m2/day of
cisplatin and a continuous infusion of 250 mg/m2/day of 5-fluorouracil
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Table I. Patients’ characteristics.

Clinical parameter No. of patients (%) n=74

Mean age±SD (years) 66.4±10.4
Gender

Male/female 61 (82.4)/13 (17.6)
Performance status

0/1/2 58 (78.4)/15 (20.3)/1 (1.4)
Histological type

Squamous cell carcinoma/others 70 (94.6)/4 (5.4)
Primary tumor location

Upper third/middle 
third/lower third 25 (33.8)/39 (52.7)/10 (13.5)

Primary tumor length 71.2±22.3
(mm, mean±SD)

Primary tumor depth*,†

T1/2/3/4 1 (1.4)/1 (1.4)/12 (16.2)/60 (81.1)
Lymph node metastasis*

N0/1 12 (16.2)/62 (83.8)
M1 lymph node*

M0/1a/1b 49 (66.2)/12 (16.2)/13 (17.6)
Stage

III/IVA/IVB 49 (66.2)/12 (16.2)/13 (17.6)
Body-mass index (kg/m2, mean±SD) 19.9±3.4
Neutrophil to lymphocyte ratio 3.5±2.1
Hemoglobin (g/dl, mean±SD) 13.2±1.8
Albumin (g/dl, mean±SD) 3.9±0.5
Carcinoembryonic antigen 5.1±8.3
(ng/ml, mean±SD)

SD, Standard deviation. *TNM grades according to the criteria of the
TNM Classification of Malignant Tumors, Sixth edition. †T1-3:
Metastatic lymph node invasion of adjacent organs.

Table II. Adjacent organs involved with primary tumor or metastatic
lymph nodes.

Organ n=91* (%)

Trachea and/or bronchus** 45 (49.5)
Aorta 25 (27.5)
Pericardium 5 (5.5)
Pulmonary vein 4 (4.4)
Common carotid artery*** 3 (3.3)
Internal jugular vein*** 3 (3.3)
Liver*** 2 (2.2)
Subclavian artery*** 2 (2.2)
Diaphragm*** 1 (1.1)
Celiac artery*** 1 (1.1)
Number of invaded organs n=74 (%)

1/2/3 58 (78.4)/15 (20.3)/1 (1.4)

*There are cases with more than one invaded organs. **Six out of 45
cases involved invasion through a metastatic lymph node. ***All cases
involved invasion through a metastatic lymph node.



for the first five days of each week until the end of the course of
radiotherapy (RT) (19). Between 2003 and 2007, the regimen
comprised of 7.5 mg/m2/day of docetaxel on days 1, 8, 22 and 29 and
a continuous infusion of 250 mg/m2/day of 5-fluorouracil for the first
five days each week until the completion of RT (20). The regimen from
2008 consisted of a standard dose of 70 mg/m2/day of cisplatin on days
1 and 29, and a continuous infusion of 700 mg/m2/day of 5-fluorouracil
on days 1-4 and 29-32 during RT. A few patients with kidney
dysfunction were treated with nedaplatin instead of cisplatin, or only
with 5-fluorouracil.

Along with these chemotherapy treatments, patients received a total
of 50-72 Gy of external-beam irradiation at fractionated doses of 1.8-
2.0 Gy/day. Radiation was usually delivered to the primary esophageal
lesion and to periesophageal and metastatic lymph nodes.

Surgery. Some patients with tumors that had been reduced and were
possibly resectable after receiving a 40 Gy total dose of CRT
provided written informed consent to undergo transthoracic
esophagectomy with lymphadenectomy. Some patients with poor
oral intake and airway invasion with a prediction of esophago-
respiratory fistula, or an actual esophago-respiratory fistula, also
underwent esophageal bypass surgery before or after CRT.

Clinical assessment of the efficacy of chemoradiotherapy. The
efficacy of neoadjuvant CRT was clinically evaluated using CT and
endoscopy, with biopsies at 1-2 months after CRT. The clinical
outcomes of CRT were judged as complete response (CR), partial
response (PR), stable disease (SD) and progressive disease (PD)
according to the guidelines for clinical and pathological studies on
carcinoma of the esophagus published by the Japan Esophageal
Society (10th edition) (21).

CR at the primary tumor site was defined as the disappearance of
the tumor lesion with the endoscopically-proven absence of cancer
cells in biopsy specimens. Specimens comprising obvious residual
tumor, erosion due to radiation esophagitis and protruding lesions
similar to submucosal tumors indicated failure to achieve CR.

With regard to metastatic lymph nodes, CR was evaluated as the
disappearance, or a decrease to normal size or below normal size,
of all target lesions on CT images. PR was defined as a >30%

reduction in the sum of the largest dimensions of measurable target
lesions on CT images, and a PD was defined as at least a 20%
increase in the sum of largest dimensions of measurable target
lesions, or the appearance of new lesion. SD was assessed as the
absence of PR or PD.

Overall response was determined based on combinations of
primary tumor and metastatic lymph node responses, and the
presence or absence of new lesions. When a target lesion was not
evident and only non-target lesions such as primary esophageal
cancer without lymph node metastasis were present, the overall
response was determined exclusively from the responses of the non-
target lesions.

Survival and statistical analysis. Outcomes were evaluated in March
2013. Patient survival was calculated from the first day of treatment
until the date of death or the most recent follow-up. Survival data
were analyzed using Kaplan-Meier curves and compared using the
log-rank test. The effects of the various clinicopathological
parameters on CRT outcomes were evaluated using univariate
analysis; covariates with a p-value of <0.1 in univariate analysis
were entered into a multivariate analysis using logistic regression
analysis to assess their independent influences. Furthermore, the
effects of various clinicopathological parameters on survival were
evaluated using univariate analysis; covariates with a p-value of <0.1
were entered into a multivariate Cox proportional hazards analysis
to assess their independent influence. Data were statistically
analyzed using the StatView software, version 5 (SAS Institute,
Cary, NC, USA). Statistical significance was accepted at p<0.05.

Results

Treatment of adjacent organ invasion. Table III shows details of
the various treatments. All patients underwent either induction
or definitive CRT. Definitive CRT, CRT plus esophageal
bypass, and CRT plus esophagectomy were carried out in 48
(64.9%), 17 (23.0%) and 9 (12.2%) patients, respectively;
esophageal bypass surgery was performed in 12 and 5 patients
before and after CRT, respectively. Among 9 patients who
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Figure 1. Chest computed tomography (CT) images of a representative patient with bronchial and aorta invasion. A: Chest CT image showing
obvious deformation of the left main bronchus due to esophageal cancer (solid arrow). B: Chest CT image of the same patient showing that the
Picus angle exceeded 90˚, without a fat layer between the esophageal cancer and thoracic aorta.



underwent esophagectomy, 8 underwent transthoracic
esophagectomy with lymphadenectomy to treat tumors that
were reduced by CRT at a total dose of 40 Gy and had become
potentially resectable, and 1 patient with tumor regrowth after
CRT underwent salvage esophagectomy. Resections were
complete in 7 (77.8%) patients and partial in 2 (22.2%) owing
to residual tumor resulting from primary tumor invasion of the
trachea and the pulmonary vein, respectively.

Among all patients who received definitive or induction
CRT, chemotherapy regimens with docetaxel/5-fluorouracil,
standard dose cisplatin/5-fluorouracil, and low dose cisplatin/5-
fluorouracil comprised the main treatment approach for 37
(50.0%), 18 (24.3%) and 16 (21.6%) patients, respectively.
Only 1 (1.4%) and 2 (2.7%) patients were treated with 5-
fluorouracil alone and nedaplatin/5-fluorouracil, respectively,
owing to kidney dysfunction. Radiation therapy was delivered
at a total dose of 61.5±8.2 (mean±SD; range=40-72) Gy.

Effects of chemoradiotherapy. Table III also shows the
clinical effects of CRT including definitive and induction
therapy. The clinical outcome of CRT was CR in 12 (16.2
%) patients, PR in 46 (62.2%), SD in six (8.1%) and PD in
10 (13.5%). Among 10 patients with PD, one had a
progressive primary tumor, one had metastatic lymph nodes
and eight developed lymph node metastasis outside the
radiation field, or distant metastasis during or after CRT.

Survival of patients with thoracic esophageal cancer and
adjacent organ invasion. Seven patients remained alive at the
time of the outcome analysis, and 59 and 4 patients had died
of esophageal cancer and unrelated causes, respectively. Four
patients were lost to follow-up after referral for
palliative/hospice care. The median overall survival time
(MST) of all patients was 11.3 months, and the 1-, 3- and 5-
year overall survival rates were 47.4%, 17.9% and 12.7%,
respectively (Figure 2).

The MST of the patients only undergoing definitive CRT,
esophageal bypass plus CRT and esophagectomy after CRT
was 10.4, 11.0 and 16.4 months, respectively. Overall
survival did not significantly differ between patients who
underwent esophagectomy (p=0.26) or esophageal bypass
(p=0.33) and those treated only with CRT (Figure 3).

All patients underwent induction or definitive CRT.
Therefore, we also assessed survival with respect to the
clinical effects of CRT. The MST of patients with CR, PR
and SD/PD was 52.6, 11.3 and 6.7 months, respectively. The
1-, 3- and 5-year overall survival rates of patients with CR
were 91.7%, 66.7% and 48.6%, respectively, and the 1-, 3-
and 5-year overall survival rates of patients with PR were
46.7%, 10.1% and 6.7%, respectively. The 1- and 3-year
overall survival rates of patients with SD/PD were 14.1% and
0%, respectively. Overall survival significantly differed
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Table III. Treatments for patients with tumor invasion of an adjacent organ.

Treatment n=74 (%)

CRT 48 (64.9) 
CRT + esophageal bypass (n=17) Before CRT: 12 (16.2), After CRT: 5 (6.8)
CRT + esophagectomy 9 (12.2)*
Chemotherapy regimen** DOC/5FU: 37 (50.0), standard dose CDDP/5FU: 18 (24.3)

low-dose CDDP/5FU: 16 (21.6), NED/5FU: 2 (2.7), 5FU: 1 (1.4) 
Radiation therapy** 61.5 Gy±8.2 Gy (mean±SD, 40-72 Gy)

<60 Gy: 11 (14.9), ≥60 Gy:63(85.1)
Clinical effect of CRT** CR: 12 (16.2), PR: 46 (62.2), SD: 6 (8.1), PD: 10 (13.5)

CR, Complete response; CRT, chemoradiotherapy; CDDP, cisplatin; 5FU, 5-fluorouracil; DOC, docetaxel; NED, nedaplatin; PR, partial response;
PD, progressive disease; SD, stable disease. *Induction CRT at a total dose of 40 Gy and esophagectomy were performed in eight patients, and
salvage esophagectomy after definitive CRT was performed in one. **Eight patients that underwent induction CRT at a total dose of 40 Gy and
esophagectomy were included.

Figure 2. Overall survival time of all patients with adjacent organ
invasion.



between patients with CR (p<0.0001) or PR (p=0.0008) and
those with SD/PD, and between those with CR and PR
(p=0.0004; Figure 4).

Predictors of response to CRT. The prognosis was clearly
better for patients with thoracic esophageal cancer and
adjacent organ invasion, where the clinical outcome of CRT
was CR. We therefore assessed the pre-treatment clinical
factors that might predict CR to CRT (Table IV) using
univariate analysis. We found that only age <60 years
(p=0.007) and HB ≥13 g/dl (p=0.04) significantly correlated
with CR to CRT. Only these covariates had a p-value of <0.1
and were subsequently entered into a multivariate analysis.
Multivariate analysis also identified these factors as being
independent predictors [age <60 years, odds ratio (OR)=7.74;
95% confidence interval (CI)=1.85-32.41, p=0.005; HB ≥13
g/dl, OR=11.54, 95% CI=1.29-103.21, p=0.03].

Prognostic factors for thoracic esophageal cancer with
adjacent organ invasion. Table V shows the possible pre-
treatment clinical factors that affect survival in thoracic
esophageal cancer with adjacent organ invasion evaluated using
a Cox regression model. Univariate analysis of prognostic
factors showed that a neutrophil-to-lymphocyte ratio of <5

(p=0.047), HB ≥13 g/dl (p=0.02) and ALB level of ≥3.5 g/dl
(p=0.003) significantly correlated with prolonged survival. The
covariates with a p-value of <0.1 in the univariate analysis were
included in the COX regression multivariate analysis, which
identified the levels of ALB (≥3.5 g/dl; OR=2.11, 95%
CI=1.09-4.10, p=0.03) as being independent prognostic factors
for esophageal cancer with adjacent organ invasion. The
performance status (0; OR=1.77, 95% CI=0.96-3.27, p=0.07)
and HB (≥13 g/dl; OR=1.70, 95% CI=0.99-2.92, p=0.06) were
marginally significant for prolonged survival.

Discussion

We have described the treatment outcomes and factors that
could predict responses to CRT, as well as the survival of
patients with thoracic esophageal cancer and clinical
evidence of adjacent organ invasion. We show that patients
with CR to CRT survived much longer than those without
CR, regardless of treatment strategies such as definitive CRT,
bypass surgery and esophagectomy. Furthermore, the pre-
treatment clinical factors of age <60 years and a HB level of
≥13 g/dl were independently associated with CR to CRT, and
a serum ALB level of ≥3.5 g/dl was independently associated
with prolonged survival.
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Figure 3. Overall survival times of patients undergoing only definitive
chemoradiotherapy (CRT), esophageal bypass plus CRT and
esophagectomy after CRT.

Figure 4. Overall survival times with respect to complete response (CR),
partial response (PR) and progressive disease (PD)/stable disease (SD)
after chemoradiotherapy (CRT).



Although obvious infiltration of adjacent structures by
esophageal cancer is clearly evident on CT, magnetic
resonance imaging (MRI), endoscopic ultrasonographic and
bronchoscopic images, the correct identification of a slight
invasion is difficult. The reported ranges of diagnostic
accuracy of adjacent organ invasion are 77%-87.5% for
endoscopic ultrasonography (22, 23), 43.8%-80% for CT
(18, 23) and 87% for MRI (24). The diagnosis of adjacent

organ invasion varies somewhat owing to the diagnostic
modality and criteria, and thus tumor staging and
therapeutic strategies might be altered according to the
different diagnoses. Furthermore, a pre-treatment diagnosis
might be associated with differences in the reported
prognoses of patients with thoracic esophageal cancer who
are clinically diagnosed with adjacent organ invasion (2-6,
8, 9, 15, 16).
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Table IV. Univariate and multivariate analysis of predictive factors of chemoradiotherapy response.

Clinical parameter Univariate analysis Multivariate analysis

OR 95% CI p-Value OR 95% CI p-Value

Age: <60 vs. ≥60 years 6.27 1.65-23.8 0.007 7.74 1.85-32.41 0.005
Sex: Male vs. female 1.08 0.21-5.63 0.93 – – –
Performance status: 0 vs. 1, 2 1.02 0.56-6.76 0.30 – – –
Body-mass index: <18 vs. ≥18 kg/m2 1.13 0.30-4.22 0.85 – – –
Neutrophil to lymphocyte ratio: <5 vs. ≥5 1.08 0.21-5.62 0.93 – – –
Hemoglobin: <13 vs. ≥13 g/dl 9.06 1.10-74.54 0.04 11.54 1.29-103.21 0.03
Albumin: <3.5 vs. ≥3.5 g/dl 3.51 0.42-29.49 0.25 – – –
Carcinoembryonic antigen: <5 vs. ≥5 ng/ml 1.13 0.27-4.69 0.86 – – –
Tumor location: Upper vs. middle and lower 1.50 0.42-5.32 0.53 – – –
Tumor length: <70 vs. ≥70 mm 1.39 0.40-4.78 0.61 – – –
Tumor depth: T1-3 vs. T4 1.55 0.36-6.67 0.56 – – –
Number of metastatic lymph nodes: 0-2 vs. ≥3 1.30 0.37-4.58 0.68 – – –
cStage: III vs. IV 1.65 0.40-6.76 0.49 – – –
Invasion to airway: No vs. yes 1.26 0.34-4.65 0.73 – – –
Invasion to aorta: No vs. yes 1.65 0.40-6.74 0.49 – – –
Number of invaded organs: 1 vs. 2, 3 3.83 0.46-32.26 0.22 – – –

CI, Confidence interval; OR, odds ratio. Univariate and multivariate analyses were performed using the logistic regression model.

Table V. Univariate and multivariate analysis of survival time of patients with tumor invasion of adjacent organ.

Clinical parameters Univariate analysis Multivariate analysis

OR 95%CI p-Value OR 95%CI p-Value

Age: <60 vs. ≥60 1.26 0.73-2.17 0.41 – – –
Sex: Male vs. Female 1.02 0.54-1.92 0.95 – – –
Performance status: 0 vs. 1, 2 1.70 0.93-3.12 0.08 1.77 0.96-3.27 0.07
Body-mass index: <18 vs. ≥18 1.40 0.83-2.37 0.20 – – –
Neutrophil to lymphocyte ratio: <5 vs. ≥5 1.91 1.01-3.62 0.047 1.68 0.84-3.36 0.14
Hemoglobin: <13 vs. ≥13 1.85 1.10-3.10 0.02 1.70 0.99-2.92 0.06
Albumin: <3.5 vs. ≥3.5 2.56 1.38-4.77 0.003 2.11 1.09-4.10 0.03
Carcinoembryonic antigen: <5 vs. ≥5 1.04 0.59-1.84 0.90 – – –
Tumor location: Upper vs. Middle and Lower 1.04 0.62-1.74 0.89 – – –
Tumor length: <70 vs. ≥70 1.56 0.94-2.58 0.08 1.33 0.78–2.27 0.29
Tumor depth: T1-3 vs. T4 1.05 0.55-2.02 0.90 – – –
Number of metastatic lymph nodes: 0-2 vs. 3– 1.34 0.80-2.24 0.26 – – –
cStage: III vs. IV 1.20 0.71-2.02 0.50 – – –
Invasion to airway: – vs. + 1.18 0.71-1.95 0.53 – – –
Invasion to aorta: – vs. + 1.00 0.60-1.68 0.99 – – –
Number of invaded organs: 1 vs. 2,3 1.32 0.72-2.42 0.37 – – –

CI, Confidence interval; OR, odds ratio. Univariate and multivariate analyses were performed using the Cox regression model.



The reported treatment strategies for these diseases include
induction therapy followed by surgery (2-7, 12-17) and
definitive CRT (8-11). Although definitive CRT is generally
applied to treat esophageal cancer with obvious adjacent organ
invasion, multimodal therapy with surgery might be effective
for some patients whose tumors were reduced in size and
potentially resectable after induction therapy. However,
determination as to whether or not surgical resection should
be indicated, or whether or not subsequent CRT should be
provided at a definitive dose, is difficult for patients with a
good response to induction therapy.

In the present study, the prognosis did not differ
significantly between patients who underwent CRT and
esophagectomy, and those treated only by definitive CRT; the
prognosis was more obviously favorable for patients with a
clinical CR after CRT than for those with SD and PD, and
with PR. Previous studies involving esophageal cancer with
adjacent organ invasion have also reported that there was no
difference in the survival rate between patients who
underwent esophagectomy and those who did not, among the
responders to induction CRT; the prognosis of these patients
was not influenced by esophagectomy but by the response to
CRT (5, 16). Thus, the prognosis of such patients might be
most influenced by the response to CRT, and a more
effective CRT regimen should be developed to improve the
prognosis of locally advanced esophageal cancer with
adjacent organ invasion.

We also investigated pre-treatment clinical parameters that
might influence the outcome of CRT, and the pre-treatment
HB level was found to be significantly associated with the
efficacy of CRT. Furthermore, the HB levels were marginally
significant for prolonged survival. Similarly, the HB levels
have been reported to be associated with sensitivity (25),
locoregional control (26, 27) and survival (26, 28-30) after
radiation therapy for esophageal cancer with or without
chemotherapy. Tumor-associated and therapy-induced
anemia are major pathogenetic mechanisms that are involved
in the development of tumor hypoxia, which can cause
patients to become refractory to radiation and some forms of
chemotherapy (31). Therefore, anemia is an extremely
important factor associated with the therapeutic effect.

Furthermore, in the present study, the analysis of
prognostic factors demonstrated that pre-treatment serum
ALB levels were significantly associated with prolonged
survival. However, tumor size, lymph node metastasis and
clinical stage were not significant factors for prognosis.
Because our patients were limited to those who already had
extremely advanced esophageal cancer with adjacent organ
invasion and a poor prognosis, the factors indicating
locoregional extent might not have influenced prognosis.

The serum ALB levels can serve as a useful prognostic
factor regarding the outcome of patients with esophageal
cancer treated using induction CRT and surgery (32), RT (33)

and definitive CRT (34). Furthermore, ALB levels of 
>3.5 g/dl is the only independent predictive factor of CR to
CRT (35). Almost all patients with advanced esophageal
cancer have poor nutritional status due to dysphagia caused
by esophageal stricture. Pre-treatment nutritional status might
be involved in the general condition of a patient, their
response to CRT and the achievement of CR, and could
eventually influence the survival of patients with advanced
esophageal cancer. Therefore, in order to improve outcomes,
more aggressive administration of oral nutritional
supplements and nutritional intervention, by means of
nasogastric or gastrostomy feeding, might be required before
and during CRT in order to correct malnutrition.

In conclusion, the therapeutic outcome of patients with
thoracic esophageal cancer and adjacent organ invasion was
influenced by anemia and serum albumin. Our results indicate
that not only the outcome of CRT, but also improved nutritional
status prolong the survival of patients with locally advanced
esophageal cancer accompanied by adjacent organ invasion.
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