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Abstract
AIM: To evaluate the role of endoscopic stenting with 
or without concurrent 3-dimensional conformal chemo-
radiotherapy (3D-CRT) in patients with inoperable eso
phageal cancer.

METHODS: Advanced esophageal cancer patients in-
dicated for esophagectomy received esophageal stents. 
A part of patients completed 3D-CRT after stenting. 
Efficacy was assessed by endoscopy and computed 
tomographic scan before and 4 wk after completion of 
the treatment. The median survival, 3D-CRT toxicity 
and complications were compared between 3D-CRT and 
control groups.

RESULTS: From 1999 to 2008, 99 consecutive patients 
with T3/T4 disease and unsuitable for esophagectomy 
were placed with esophageal stents. Sixty-seven pa-
tients received 3D-CRT, while 36 patients treated with 

endoscopic stents alone were recruited as controls. 
After 3D-CRT treatment, the median tumor volume of 
3D-CRT patients were reduced significantly from 43.7 
± 10.2 cm3 to 28.8 ± 8.5 cm3 (P  < 0.05). The complete 
and partial response rate was 85.1%, and no response 
was 14.9%. After 3D-CRT, the incidence rate of T2 and 
T3 disease evident on CT scan increased to 78.4% while 
T4 decreased from 66.7% to 21.6% (P  < 0.05). 3D-
CRT Karnofsky Performance Status improved in 3D-CRT 
patients compared with the control group (P  = 0.031). 
3D-CRT patients had a longer survival than the control 
group (251.7 d vs  91.1 d, P  < 0.05). And the median 
half-year survival rate in 3D-CRT group (91%) was high
er than in the control group (50%, P  < 0.05). The most 
common toxicity was leukocytopenia in the 3D-CRT 
group (46.7% vs  18.8%, P  = 0.008). The control group 
had a higher rate of restenosis than the 3D-CRT group 
(81.3% vs  9.0%, P  < 0.05). The rate of nephrotoxicity 
was increased in 3D-CRT as compared with the control 
group (31.3% vs  15.6%, P  < 0.05).

CONCLUSION: 3D-CRT can improve dysphagia in pa
tients with inoperable esophageal carcinoma. 3D-CRT 
combined with stenting results in better survival as 
compared with endoscopic stents used alone.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Esophageal cancer is one of  the most common malig-
nant tumors with a high mortality rate in almost a half  
of  the cases, and is the fourth leading cause of  cancer-re-
lated deaths in China[1,2]. Most patients have been already 
in an advanced stage at the diagnosis of  this aggressive 
malignancy. At least 60% of  patients are unsuitable for 
surgical resection either due to the advanced stage or 
their comorbidity[3]. At this stage, esophageal carcinoma 
has infiltrated surrounding tissues and caused esophageal 
stenosis, and even esophagotracheal fistula in some cases. 
These patients could only be treated with palliative pro-
cedures which play an important role in improving the 
patient’s life quality. The current palliative means include 
radiotherapy, chemotherapy and esophageal stent place-
ment. However, esophagitis is usually unavoidable after 
radiotherapy, and once esophagitis occurred, dysphagia 
would be exacerbated[4]. Some patients even can not swal-
low liquid diet, some can not endure the chemotherapy 
and radiotherapy for their poor nutritional status. Stents 
placement has become a safe and effective palliation for 
dysphagia due to malignant esophageal obstruction or 
strictures after radiotherapy[5]. A randomized trial demon-
strated that the combination of  endoscopic stenting with 
additional radiation and chemotherapy could improve 
the survival of  advanced esophageal cancer patients[6,7]. 
We evaluated the feasibility and efficacy of  esophageal 
stenting combined with simultaneous radiotherapy and 
chemotherapy in the treatment of  advanced esophageal 
cancer. 

MATERIALS AND METHODS
Patients
All esophageal cancer patients treated in Qingdao Mu-
nicipal Hospital from January 1999 to September 2008 
were identified. The care of  esophageal cancer patients 
was planned under the auspices of  a multidisciplinary 
gastrointestinal disease management team which includes 
surgical oncologists, medical oncologists, gastroenterolo-
gists, pathologists, interventional radiologists, and radia-
tion oncologists. This study was approved by the Ethics 
Committee of  our institution and informed consent was 
obtained from all the patients before enrollment.

Clinical staging was performed with endoscopy and 
endoscopic ultrasound and computed tomography (CT). 
The tumor, node, metastasis and staging classification 
used for this analysis were defined according to the 
American Joint Committee on Cancer staging system ver-
sion 6.0[8]. 

Inclusion criteria for the study were: (1) esophageal 
cancer at stage Ⅲ or Ⅳ unsuitable for esophagectomy; (2) 
symptoms of  dysphagia ≥ grade 3 (Table 1); (3) tumors 
were mainly located in the esophagus; (4) adequate bone 
marrow (white blood cell > 3.5 × 109/L, hemoglobin > 
90 g/L, platelet count > 100 × 109/L), and hepatic (bili-
rubin 1.5 times the upper limit of  the normal value) and 
renal functions (calculated creatinine clearance > 50 mL/

min or creatinine < 2 mg/dL) were examined before ad-
ministration of  chemotherapy; (5) a minimum life expec-
tancy of  5 mo; and (6) stay in hospital during the entire 
chemoradiotherapy treatment course.

Patients were excluded because: (1) with tumors pre-
dominantly located in the stomach; (2) with prior treat-
ment, including surgery, chemotherapy, or radiotherapy; 
and (3) with tumors infiltrating the tracheobronchial tree 
found on CT.

Data collected included patient clinical demograph-
ics, Karnofsky Performance Status, dysphagia grade, 76% 
meglumine diatrizoate compound swallow esophagogram 
(esophageal strictures) findings, endoscopic findings (tumor 
length at initial endoscopy, primary tumor, and lymphade-
nopathy location), tumor histology, and results of  CT scan 
of  the chest and abdomen with intravenous contrast.

Procedure of stenting
The procedure was performed under local anesthetic 
spray, with intravenous sedation when required. Endos-
copy was done to determine precisely the site and length 
of  stenosis. All patients with strictures underwent dilata-
tion with 12-14 mm flexible rubber Savary-Guillard dila-
tors before stent placement. Once this stricture was suc-
cessfully dilated, a distal hemoclip (resolution clip, Boston 
Scientific, United States) was placed 2 cm below the area 
of  stricture. Then endoscope was advanced farther and 
a flexible guidewire was placed into the second portion 
of  the duodenum. The covered self-expanding Titanium 
Nickel alloy mesh stent (MTN, Nanjing Microinvasive 
Medical Inco., Nanjing, China) has a polyester at its mid-
section and its proximal end is flared to a diameter of   
25 mm. The stent was loaded onto a dedicated applica-
tor (12-14 mm depending on the diameter of  stent) with 
an atraumatic dilator tip and was placed under continu-
ous fluoroscopic guidance using the distal hemoclip as a 
mark. The length chosen was at least 2 cm longer than 
the stenosis. An 18 mm-diameter stent was used for se-
vere strictures; and a 21 mm-diameter stent was used for 
moderate strictures.

Three-dimensional conformal chemoradiotherapy
Three-dimensional conformal chemoradiotherapy (3D-
CRT) protocol was used. CT scans displayed isodose 
distributions and directly obtain dose-volume histograms. 
The primary tumors as well as the loco-regional lymph 
nodes were irradiated with an International Commission 
on Radiation Units and Measurements reference dose of  
45.0 Gy in 25 fractions with 1.8 Gy/d using a LINAC 

Table 1  Dysphagia assessment

Grade

Asymptomatic
Difficulty in swallowing solid food but able to swallow semisolid food
Difficulty in swallowing solid food, but able to swallow liquid one
Difficulty in swallowing liquid
Inability to swallow anything, including saliva
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6-MV X-ray unit (Varian, CA, United States), and the 
total dose was adjusted according to patients’ tolerance. 
Chemotherapy regimens consisted of  cisplatin 60 mg/m2 
infusion on day 1 and day 22, plus continuous infusion of  
5-fluorouracil at 200 mg/m2 per day from day 1 to day 42. 

Clinical response criteria
The clinical response to treatment was categorized as a 
clinically complete response (CR), partial response (PR), 
stable disease (SD), or progressive disease (PD). CR was 
defined as the disappearance of  all clinically detectable 
lesions; CR of  primary tumors was defined as the disap-
pearance of  all visible lesions, including ulceration, with 
no microscopic evidence of  tumor in randomly obtained 
biopsy specimens from the previous lesion sites. PR was 
defined as either a reduction exceeding 50% of  the initial 
sizes (products of  dimensions) of  all measurable tumors 
according to CT or esophagraphy. A new lesion or more 
than a 25% increase of  the original tumor size was de-
fined as PD. All other conditions were categorized as SD. 
Chest CT was repeated every 4 wk to assess the response 
of  the tumor. Endoscopy or abdominal CT was repeated 
if  necessary.

Statistical analysis
The data was analyzed using SPSS 13.0, mean ± SD were 
calculated. Continuous variables were analyzed using Stu-
dent’s t test. Categorical variables were compared using χ 2 
test or Fisher’s exact test, whichever applicable. Repeated 
measure analysis (two-way ANOVA) was also used. Sur-

vival curves were estimated by the Kaplan-Meier method. 
A P value of  0.05 or less was considered significant.

RESULTS
Patient characteristics
Among the 146 patients who were diagnosed as having 
inoperable esophageal cancer, 111 (76.0%) were eligible 
for treatment with palliative 3D-CRT. Nine patients did 
not complete 3D-CRT because of  disease progression. 
One patient died of  severe bleeding 12 d after 3D-CRT. 
Two patients developed febrile neutropenia, and stopped 
the chemotherapy. Thirty-two patients did not undergo 
3D-CRT after stents placement because their preference, 
these patients were regarded as the control group. Sixty-
seven patients completed the 3D-CRT segment with a 
total radiation dose over 40Gy. Among these patients, 38 
received 40Gy, and 29 received 50-55Gy. These patients 
were enrolled as the 3D-CRT treatment group. The clini-
cal and demographic characteristics of  the patients in 3D-
CRT and control groups are shown in Table 2. There was 
no obvious difference in the dysphagia grade, tumor type, 
tumor stage and tumor size between the two groups.

Response after 3-dimensional conformal chemoradio-
therapy
After 3D-CRT treatment, the median tumor volume of  
the 67 patients measured by CT scan reduced signifi-
cantly from 43.7 ± 10.2 cm3 to 28.8 ± 8.5 cm3 (P < 0.05). 
The complete or partial response (> 50% reduction of  
tumor volume) was observed in 57 patients (85.1%), and 
no response in 10 patients (14.9%). The cases of  T2 and 
T3 disease evident on CT scan had increased from 0 to 
40 (78.4%) after 3D-CRT, and that of  T4 decreased from 
34 (66.7%) to 11(21.6%) (P < 0.05). After 3D-CRT, the 
number of  cases of  dysphagia at grade ≤ 3 among the 
67 patients increased significantly from 6 (9.0%) to 55 
(82.1%), while the number of  dysphagia at grade ≥ 4 
reduced from 61(91.0%) to 12(17.9%) (P < 0.05). Kar-
nofsky Performance Status improved in the 3D-CRT pa-
tients compared with the control group (P = 0.031). The 
result of  response assessed by CT scan and endoscopy is 
listed in Table 3.

Survival comparison
Patients treated with 3D-CRT seemed to have a better pro
gnosis, with a longer survival duration (251.7 d vs 91.1 d,  
P < 0.05; Figure 1). The median six-month survival rate 
in 3D-CRT group (91%) was higher than in the control 
group (50%, P < 0.05, Table 4). The overall 1-year sur-
vival rate after 3D-CRT was 25%; none of  the control 
patients survived more than 1 year. Although the mean 
number of  hospital admissions was significantly higher in 
patients who received 3D-CRT (146 ± 48 d vs 87 ± 29 d,  
P < 0.05), the overall survival of  the 3D-CRT group 
without hospitalization was statistically significantly high-
er than that of  the control group (186 ± 33 d vs 59 ± 18 d, 
P < 0.05).

Table 2  Clinical and demographic characteristics of 3-di-
mensional conformal chemoradiotherapy-treated patients and 
controls

3D-CRT 
(n  = 67)

Control 
(n  = 32)

P  
value

Gender
   Male 53 24 0.796
   Female 14   8
Age (mean ± SD, yr) 56.3 ± 12.7 58.6 ± 12.1 0.435
Karnofsky performance status
   50-70 37 21 0.386
   10-49 30 11
Dysphagia grade
   3   6   4 0.673
   4 46 23
   5 15   5
Stage at diagnosis
   Ⅲ 56 29 0.539
   Ⅳ 11   3
Tumor type
   SCC 53 23 0.579
   Adenocarcinoma   6   4
   Unspecified   8   6
Location 
   Thoracic - middle 42 20 1.000
   Thoracic - lower 25 12
Gross tumor volume (mean ± SD, m3) 44.6 ± 10.2 48.5 ± 11.1 0.077
Length (mean ± SD, cm) 7.3 ± 1.6 7.1 ± 1.8 0.299

SCC: Squamous cell carcinoma; 3D-CRT: 3-dimensional conformal chemo-
radiotherapy.
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Toxicity and complications
The toxicity profile is presented in Table 5. After 3D-
CRT, the most common toxicity was leukocytopenia 
as compared with the control group without 3D-CRT 
treatment (46.7% vs 18.8%, P = 0.008). However, in the 
control group, the most common non-hematologic tox-
icities included a higher rate of  restenosis compared with 
3D-CRT group (81.3% vs 9.0%, P < 0.05). The incidence 
of  nephrotoxicity in 3D-CRT was higher than in control 
group (31.3% vs 15.6%, P < 0.05).

DISCUSSION
About more than 90% of  esophageal cancer patients are 
not clinically identified until at an advanced stage, their 
prognosis is the poorest among the patients with digestive 
carcinomas, with a 5-year survival rate below 10%[1]. Be-
cause of  malnourishment due to comorbid conditions in 
advanced carcinoma, more than 50% of  esophageal can-
cer cases are unresectable[9]. A case-control study showed 
that the median survival time for patients with advanced 
esophageal cancer was only 3-5 mo[10]. However, once 

these inoperable patients’ physical condition was permit-
ted, effective therapies should be performed. No matter 
which therapy is used, the primary purpose is to prolong 
the patients’ survival time and improve their quality of  
life. In this study, we relieved the dysphagia with minimal 
morbidity and mortality, and then choose the suitable 
management to prolong the patients’ life span and im-
prove their quality of  life. 

Recently, 3D-CRT appeared to be a promising treat-
ment even for esophageal carcinoma patients with distant 
metastasis[11]. Because CDDP and 5-FU have synergistic 
effects and also act as radiosensitizers, these agents were 
considered to be particularly effective in combination with 
radiotherapy[12]. 

In our study, we focused on the 3D-CRT effective-
ness in the inoperable esophageal cancer patients. Ten 
years ago, we could only place stents to palliate dysphagia 
among these patients. And in recent years after stents 
placement, 3D-CRT could be performed as long as pa-
tient’s physical condition allowed, and whenever their dys-
phagia was relieved, the malnutrition of  the patients was 
ameliorated. For these inoperable patients, esophageal 
stents placement not only improved their quality of  life, 
but made the 3D-CRT completion possible as well. In 
our study, compared with the patients treated with stent-
ing only, at least 25% of  the inoperable patients after 3D-
CRT survived 1-year, and their six-month survival rate 
was also higher. 3D-CRT could reduce the tumor volume 

Table 3  Radiological and clinical evaluation after 3-dimen-
sional conformal chemoradiotherapy

Before 
3D-CRT

After 
3D-CRT

P value

Tumor staging
   T2 and T3   0 40 (78.4%) < 0.05
   T4 34 (66.7%) 11 (21.6%)
Tumor volume (mean ± SD, cm3) 43.7 ± 10.2 28.8 ± 8.5 < 0.05
Assessment of tumor response 
   Complete and partial response 57 (85.1%)
   No response 10 (14.9%)
Dysphagia grade
   ≤ 3 6 (9.0%) 55 (82.1%) < 0.05
   ≥ 4 61 (91.0%) 12 (17.9%)
Karnofsky performance status
   50-70 37 49   0.031
   10-49 30 18

3D-CRT: 3-dimensional conformal chemoradiotherapy.

Table 4  Comparison of clinical and survival outcomes be-
tween 3-dimensional conformal and control groups

Outcome 3D-CRT 
(n  = 67)

Control 
(n  = 32)

Median survival (d)      251.7 91.1
Overall survival at a half year 91% 50%
Over survival at 1 year 25%          0
Total hospital stay (mean ± SD, d) 146 ± 48 87 ± 29
Median hospitalization-free survival 
(mean ± SD, d)

186 ± 33 59 ± 18

3D-CRT: 3-dimensional conformal chemoradiotherapy.

Table 5  Toxicity and complications in patients after 4-wk 3-di-
mensional conformal and control group after treatment  n  (%)

3D-CRT: 3-dimensional conformal chemoradiotherapy.

3D-CRT 
(n  =67)

Control 
(n  = 32)

P  value

Hematologic
Anemia 33 (49.3) 11 (34.4) 0.198
Thrombocytopenia 21 (31.3)   7 (21.9) 0.475
Leukocytopenia 31 (46.7)   6 (18.8) 0.008
Non-hemotologic
Reflux esophagitis 28 (41.8) 15 (46.9) 0.669
Pectoralgia 29 (43.3) 14 (43.8) 1.000
Perforation 16 (23.9) 12 (37.5) 0.232
Restenosis 6 (9.0) 26 (81.3) < 0.05
Nephrotoxicity 21 (31.3)   5 (15.6) < 0.05
Shift and brush off of stent   8 (11.9)   5 (15.6) 0.751
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Figure 1  Comparison of overall survival between 3D-CRT and control 
groups. 3D-CRT: 3-dimensional conformal chemoradiotherapy.
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and improve Karnofsky Performance Status in the inop-
erable patients. Combined with 3D-CRT, it seemed that 
the esophageal stent placement is the adjuvant therapy 
with CRT. We found that stenting combined with 3D-
CRT could improve the inoperable patients’ quality of  
life, and prolong their survival. Fietkau[4] thought that 
simultaneous CRT should be considered as the standard 
treatment for inoperable carcinoma of  the esophagus 
with the median survival time between 13 and 18 mo. The 
reason why Fietkau’s result[4] was better than ours may be 
that there were more inoperable stage Ⅲ/Ⅳ patients in 
our study as compared with the stage Ⅱ/Ⅲ patients in 
Fietkau’s study.

3D provides the superior dose distributions in the 
target volume with markedly reduced morbidity to the 
surrounding normal tissues. Minsky found that increas-
ing the percutaneous radiation dose from 50.4 to 64.8 
Gy did not result in better survival[13]. Part of  the patients 
in our study received radiation dose of  less 40Gy due 
to the complications such as perforation or esophagitis. 
Although there is still no consensus of  the optimal dose 
of  radiation within the framework of  simultaneous RCT, 
there has been a common opinion that the higher dose of  
radiation the more therapy-related deaths. In our study, 
our therapeutic purposes were not to remit or downstage 
the tumor, but to alleviate the pain and improve the qual-
ity of  life of  the patients. Moreover, 3D-CRT with cov-
ered metal stenting would cause a relatively higher rate of  
late complications such as stent migration, hemorrhage, 
and gastroesophageal mucosal prolapse. The results from 
some studies about the safety of  self-expandable metal-
lic stents for patients who have undergone chemoradio-
therapy were controversial[14-16]. Therefore, more studies 
should be conducted.

In our study, there was no difference of  complica-
tions such as perforation, shift and brush off  of  stent 
and pectoralgia between the 3D-CRT group and the con-
trol group with only stenting. Because we did not deter-
mine whether lymph node metastasis occurred in these 
patients without biopsies from esophagectomy, we did 
not compare the patients with and without lymph node 
metastasis. Those who could not be treated by 3D-CRT 
due to poor physical conditions served as controls, and 
there might be selection bias in this study.

Fietkau[4] pointed out that CRT could increase the 
treatment-related toxicity, in particular, the hematologi-
cal side effects. This result was in agreement with ours, 
which was caused by 3D-CRT such as leukocytopenia 
and nephrotoxicity. After 3D-CRT, more leukocytope-
nia and nephrotoxicity occurred, but less restenosis was 
found as compared with the control group. Therefore, 
among the patients with leukocytopenia and liver and 
renal dysfunctions, caution should be exercised in the ap-
plication of  3D-CRT.

Furthermore, more patients were relieved from dys-
phagia during the later stages of  life after 3D-CRT treat-
ment. 3D-CRT is beneficial for the majority of  patients 
with advanced esophageal cancer in the improvement of  
quality of  life and survival. In our study, endoscopic stent-

ing with 3D-CRT for advanced esophageal cancer patients 
could relieve the dysphagia and prolong the survival, and 
decrease the incidence of  restenosis as well. Therefore, 
more efficient and combined management should be ex-
plored and studied to improve the survival and quality of  
life of  the patients with advanced esophageal cancer.
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