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Abstract
Purpose  A radioactive feeding tube was used to achieve both nutrition and brachytherapy for the treatment for malignant 
esophageal obstruction. We report the safety and effectiveness of this technique.
Methods  We conducted a retrospective analysis of 16 consecutive patients who employed this technique from January 2015 
to March 2018. The radioactive feeding tube was made by binding the 125I seed chain on the feeding tube. Under fluoroscopic 
guidance, the tube was inserted into the obstructed esophagus, with the seed chain crossing over the segment of malignant 
esophageal obstruction. Technical success rate, dysphagia score, procedure time and complications were analyzed. Kaplan–
Meier analysis was used to analyze the survival time.
Results  The radioactive feeding tube was easy to prepare. The technical success rate was 100%, without serious complications 
such as bleeding or infection. The median procedure time of tube insertion was 44.0 min. The Kamofsky score and Neuhaus 
dysphagia grading were significantly improved after tube insertion (p < 0.01). On esophageal radiography, the contrast agent 
passed through the narrow area smoothly. Complete remission (n = 1) and partial remission (n = 13) of local tumor were 
obtained in 14 patients, and the local tumor control rate was 87.5% (14/16). During follow-up, four patients survived with 
no obvious clinical symptom and 10 patients died of cancer. The median survival was 12.0 months.
Conclusion  Preparation of the radioactive feeding tube is simple and easy. The insertion of this kind of tube achieves paren-
teral nutrition and brachytherapy simultaneously and is safe and effective in dysphagia palliation of malignant esophageal 
stricture. The radiological-radiotherapeutic procedure could be an alternative tool in the case of refusing other treatments 
by the patients.
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Introduction

Esophageal cancer often shows high rates of morbidity and 
mortality, and poor prognosis, because half of patients are 
unable to be resected at the time of diagnosis [1, 2]. About 
half of patients need palliative treatment to relieve dyspha-
gia caused by malignant obstruction. Self-expanding metal 
stent (SEMS) placement is the main palliative treatment 
for patients with advanced esophageal cancer complicated 
by malignant obstruction [3–7]. Different kinds of SEMS 
are used clinically [8–12]; unfortunately, and some patients 
cannot tolerate esophageal stenting for a variety of rea-
sons. These patients include those with a Kamofsky score 
less than 60, patients who are prone to stent migration due 
to severe cardiac curvature, patients with severe dyspnea 
due to airway compression after placement of esophageal 
stents, and cervical esophageal cancer with fear of foreign 
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somatosensory sensation after stent placement, and so on. 
In this study, a radioactive feeding tube was placed under 
fluoroscopic guidance, and a radioactive seed chain was 
placed across the occlusive segment of the esophagus for 
brachytherapy for the treatment for malignant obstruction 
caused by the esophageal cancer. We aimed to report the 
safety and effectiveness of the radioactive feeding tube in 
the palliation of esophageal malignant obstruction.

Materials and methods

Patient selection

This study was approved by the institutional ethics commit-
tee of our Hospital. Informed consent was obtained from 
all patients. From January 2015 to March 2018, all patients 
who underwent insertion of a radioactive feeding tube for 
malignant esophageal obstructions were retrospectively ana-
lyzed. Exclusion criteria included inability to obey follow-
up and/or expected to survive no more than 3 months. We 
suggest that a nasal feeding tube is suitable for the following 
patients: (1) the thickness of esophageal carcinoma tumor 
is less than 3 mm; (2) the Karnofsky score of the patients 
is less than 60 and the patient cannot tolerate other anti-
tumor treatment; (3) the patient has cancer of the esoph-
agogastric junction and is prone to stent migration; (4) the 
patients has cervical esophageal carcinoma and is concerned 
about severe foreign sensation of stents; (5) patients shows 
tumor recurrence or proliferation in the ends of the stent 
after implantation; (6) there is tumor recurrence after radio-
therapy or surgical resection; (7) the patients is unable to 
receive or refuse surgical treatment for various reasons.

Radioactive feeding tube

A computed tomography (CT) scan was performed routinely 
to show the tumor lesion site, obstruction degree and length 
(Fig. 1a). Digestive endoscopy was performed before tube 
insertion or during follow-up if necessary (Fig. 2). Preopera-
tive esophagography was performed to measure the length 
of tumor occlusion and to estimate the length of seed chain 
and the number of seeds needed (Fig. 3a). A 3F catheter was 
used to contain 125I seeds, which were pushed into the cath-
eter one by one by using a seed implantation gun. There is no 
filling material between the seeds. Then, both ends of cath-
eter were sealed off to form the 125I seed chain. According to 
the length of the esophageal lesion, the two 125I seed chains 
were placed parallel to the gastrointestinal feeding tube. 
The feeding gastrointestinal feeding tube is made of medi-
cal polyurethane. (Product Code 11010, Beijing L&Z Med-
ical Technology Development Co., Ltd., Beijing, China). 
The size of tube is about 130 cm in length and 4.5 mm in 

diameter. Parameters of 125I radioactive seeds (Atom High 
Tech, Beijing, China) are as follows: size 4.5 × 0.8 mm, 
mean photon energy 27–35 keV, half-life 60.1 days and 
tissue penetration 1.7 cm. The radioactivity of each seed 
is 0.80 mCi, and initial dosage rate is 7 cGy/h. According 
to the length of esophageal lesions, two seed chains were 
placed parallel to the gastrointestinal feeding tube, fixed with 
tape, and then fixed on the feeding tube with surgical suture. 
The seeds were fixed on both sides of the nasal feeding tube 
with a distance of 4 mm and an angle of 180°.

Feeding tube insertion

All procedures were performed under local anesthesia and 
fluoroscopic guidance with a floor-based flat panel Angio 
system (Artis Zeego, Siemens Healthineers, Erlangen, Ger-
many). The patients were supine on the DSA examination 
table, with ECG monitoring and oxygen inhalation. Esoph-
agography was performed with oral water-soluble iodine 
contrast agent to show the lesion site and the degree of 
esophageal stricture of esophagus (Fig. 3a). A 5F single-
curved catheter (Cook Corporation, Bloomington, USA) 
was introduced with the guidance of a 0.035-in. hard guide 
wire. The feeding tube was passed through the nasal cavity, 

Fig. 1   Chest CT scans before and after the insertion of radioactive 
feeding tube. a Chest CT scan shows a lesion and severe stenosis in 
the upper esophagus. b The radioactive feeding tube with seeds is 
shown after insertion
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esophagus and the narrow occlusive segment into the gas-
troduodenum and jejunum (Fig. 3b). Along the hard guide 
wire, the self-made feeding tube was pushed slowly into the 

jejunum, and the seed chain of the feeding tube was placed 
across the occlusive segment of the esophagus to perform 
continuous low-dose brachytherapy (Fig. 3d). Fluoroscopy 

Fig. 2   Digestive endoscopy 
examination. a The preopera-
tive digestive endoscopy shows 
that an esophageal lesion with 
severe stenosis. b Postopera-
tive digestive endoscopy shows 
that the involved esophagus 
was almost normal after tube 
removal

Fig. 3   The insertion procedure 
of a radioactive feeding tube. 
a Anteroposterior esophago-
graphy shows severe stenosis 
in the upper esophagus. b A 
5F single-curved catheter was 
introduced and passed through 
the lesion via a hard guide wire. 
c The delivery system of the 
radioactive feeding tube was 
introduced along the stiff guide 
wire. d The seed chain of the 
feeding tube was placed across 
the occlusive segment of the 
esophagus to perform continu-
ous low-dose brachytherapy and 
esophagography confirmed that 
the tube was in good position
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confirmed that the proximal end of the nasogastric feeding 
tube was located in the jejunum. At 3–5 days after seed chain 
implantation, the patients received nasal feeding.

Observations and definitions

Baseline demographics such as age, gender, procedure time, 
comorbidities and tumor site were collected. Technical suc-
cess was defined as the successful manufacture of the feed-
ing tube and placement of the tube into the tumor-occluded 
segment. Procedure time was defined as the time required 
for the preoperative radioactive feeding tube to complete 
the placement of the seed chain. Local tumor control was 
evaluated by the response evaluation criteria in solid tumors 
(RECIST). The local control rate was complete remission 
and partial remission. Main complications were periopera-
tive death, esophageal perforation, severe infection and mas-
sive hemorrhage [5]. The dysphagia score was assessed and 
analyzed before and after insertion of the feeding tube. Chest 
CT and esophagography were reexamined every 1–2 months 
after discharge (Fig. 3d). Neuhaus dysphagia grade, contrast 
medium patency and tumor local condition were evaluated 
during follow-up.

Statistical analysis

Continuous variables were shown as means ± stand-
ard deviation or median with interquartile ranges (IQR). 
Kaplan–Meier analysis was used to analyze the survival 
time. The student’s t test was used for comparing dysphagia 
score by using Prism 5.0 software (GraphPad Software Inc, 
San Diego, Calif). Significance was taken at p < 0.05.

Results

A total of 16 patients were enrolled in this study, 11 males 
and five females, with a mean age of 65.9 ± 8.4. Median 
course of disease was 8.0 months (IQR 3.5–12.0). Thirteen 
patients showed esophageal carcinoma, two patients showed 
carcinoma of the esophagogastric junction, and one patient 
showed carcinoma of the pharynx. Six patients underwent 
surgical resection, and eight patients received chemotherapy 
and/or radiotherapy before radioactive feeding tube inser-
tion (Table 1). Preoperative Karnofsky score was 50.0 (IQR 
42.5–57.5); nine patients showed grade IV dysphagia, and 
seven patients showed grade III dysphagia. Preoperative 
esophagography showed severe stenosis in four patients 
and complete obstruction in 12 patients. The median length 

of the involved esophageal segment was 48.8 mm (IQR 
24.8–58.8).

Insertion of radioactive feeding tubes was technically 
successful in all patients (100%). The median procedure 
time was 44.0 min (IQR 36.5–56.5). A median of 27.5 
seeds (IQR 23.0–30.0) were used per patient. The removal 
of radioactive feeding tubes was performed in six patients 
due to dysphagia relief. Tube adjustment or replacement 
was performed in two patients. The median postopera-
tive Karnofsky score was 65.0 points (IQR 60.0–70.0), 
and Neuhaus dysphagia score analysis showed grade 0 
in six patients, grade I in eight patients, and grade II in 
two patients. There was a significant improvement com-
pared with preoperative data (p < 0.01). Dysphagia score 
decreased significantly after radioactive feeding tube 
insertion (p < 0.0001).

Except for one case with missing follow-up data, 15 
patients were successfully followed up for a median period 
of 12.0 months. Short-term follow-up within 3 months 
after the procedure showed that all of the contrast media 
passed smoothly. Complete remission was found in one 
patient, 13 patients showed partial remission, and two 
patients died of tumor progression. Local control was 
87.5% (14/16), with no severe complications such as 
bleeding, infection or esophageal fistula (Table 2).

There were no perioperative deaths related to tube 
insertion or removal. By the end of the follow-up period, 
six patients were taking food by mouth after pulling out 
the nasogastric feeding tube due to the improvement of 
symptoms. During the follow-up period, four patients have 
survived, one patient died of heart failure at 9.6 months 
after the procedure, and 10 patients died of tumor progres-
sion at 1.1–47.8 months, including the aforementioned two 
deaths. The survival rates were 60.0%, 46.7% and 12.5% 

Table 1   General characteristics of enrolled patients

Median (IQR) 
or number (%)

Demographic factors N = 16
 Age (years) 65.9 ± 8.4
 Gender, male 11 (68.8%)

Median course of disease (months) 8.0 (3.5–12.0)
Causes of disease
 Esophageal carcinoma 13 (81.3%)
 Carcinoma of stomach 2 (12.5%)
 Carcinoma of pharynx 1 (6.3%)

Previous treatments before stenting
 Surgical resection 6 (37.5%)
 Chemotherapy and/or radiotherapy 8 (50.0%)
 None of above 5 (31.3%)
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at 6, 12 and 36 months, respectively. The median survival 
was 12.0 months (Fig. 4).

Discussion

Self-expandable esophageal stent implantation is the main 
treatment for advanced esophageal cancer complicated by 
dysphagia [3–7, 13], but esophageal stents can only relieve 
symptoms and have no therapeutic effect on primary 
tumors. Complications such as stent restenosis, bleed-
ing, stent migration and a strong sense of foreign matter 
after implantation are very difficult problems. Although 
the brachytherapy stent can achieve both symptom relief 
and a therapeutic effect [14], it is not suitable for some 
special patients, such as those who tend to stent migra-
tion due to the curvature of the cardiac structure or who 
have severe dyspnea due to tracheal pressure after stent 
placement [10]. For these patients, enteral nutrition is a 

common palliative treatment. We propose that it is pos-
sible to combine nasal feeding with brachytherapy to play 
a role of double carving with one stone.

Some researchers have begun to try to bind radioac-
tive seeds to plastic tubes or drainage tubes to make seed 
chains and use them in the human cavity for short-range 
radiotherapy. Insertion of seed chains has been success-
fully applied to bile duct obstruction [15, 16]; portal vein 
cancer thrombus [17], and vena cava obstruction caused 
by tumor invasion [18], and has achieved a good clinical 
effect. Therefore, we speculated that the seed chain could 
be bound a nasal feeding tube for patients with advanced 
esophageal cancer who could not or refused to receive 
esophageal stents in order to achieve the dual objective 
of intraluminal brachytherapy for esophageal cancer and 
enteral nutrition. In addition, there is little space-occupy-
ing effect on the nasal feeding tube, and there is no need to 
worry about the occurrence of dyspnea caused by airway 
compression after esophageal stent placement, the mas-
sive bleeding caused by friction between the stent and the 
esophageal wall, or stent migration. If there are compli-
cations associated with brachytherapy, the nasal feeding 
tube can be removed at any time to stop radiotherapy. The 
radioactive feeding tube can be adjusted or replaced easily 
if migration happens.

Postoperative CT showed that the local wall was reduced 
in varying degrees, but the local wall was still thickened. 
Gastroscopic biopsy showed that the tumor remained, and 
the following reasons were considered: in the early stage of 
implantation, the effect of brachytherapy was good because 
the seeds were close to the lesion, but with tumor shrinkage, 
the lumen enlarged and the tumor and the seeds were not 
close to each other, which might affect the curative effect. 
Due to the decrease in the radiation dose of the seeds, the 
dose of irradiation to the local tumor was uneven. A three-
row seed chain with an angle of 120° or a four-row seed 
chain with an angle of 90° may show a better therapeutic 
effect, but these seed chains require further clinical research.

Owing to the extra complexity of delivery compared 
with esophageal stents, brachytherapy may be insufficient 
to increase patient acceptance [19]. Sinha et al. compared 
brachytherapy to esophageal stent placement for relief of 
dysphagia and found that patients who received esophageal 
stents showed better improvements in dysphagia scores ini-
tially [20]. Their complications rate of stent placement was 
33%, mainly due to late hemorrhage (13%). In our study, no 
perioperative death or severe complications such as bleed-
ing, infection or esophageal fistula occurred during tube 
insertion or removal. Zhu et al. [14] found that patients who 
received esophageal stents loaded with radioactive iodine 
(125I) seeds had prolonged overall survival compared to those 
who received conventional covered stents. Median overall 
survival was 177 days and 147 days in the irradiation group 

Table 2   Clinical outcomes of radioactive feeding nutritional tube for 
esophageal stricture

Vs Karnofsky or dysphagia score before tube insertion, *p < 0.0001

Clinical outcomes Esophageal stricture

Median procedure time (min) 44.0 (36.5–56.5)
Number of seeds per patient 27.5 (23.0–30.0)
Median follow-up (months) 12.0 (3–25)
Loss of follow-up 1
Karnofsky score before tube insertion 50.0 (42.5–57.5)
Karnofsky score after tube insertion 65.0 (60.0–70.0)*
Dysphagia score before tube insertion 3.0 (3.0–3.8)
Dysphagia score after tube insertion 1.0 (0.8–1.3) *
Median survival (months) 12.0

Fig. 4   Percent survival at follow-up. The survival rates were 60.0%, 
46.7% and 12.5% at 6, 12 and 36 months, respectively
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and conventional stent group, respectively. In our study, the 
median survival was 12.0 months.

Our study has several shortcomings. It is a retrospective 
analysis of treatment for esophageal tumors with radioac-
tive feeding tube in a single center and in a small series of 
patients; the study is lacking comparison with other pal-
liative treatments. Experience with intranasal feeding tube 
placement for malignant esophageal occlusive lesions is 
still a preliminary. Whether long-term patients really ben-
efit from survival, how many rows of seeds should be used 
for better efficacy, how to choose seed activity, and when to 
stop intracavitary radiotherapy remain to be solved, which 
requires more comparative randomized studies.

In conclusion, the preparation of a radioactive feeding 
tube is simple and easy. The insertion of this kind of tube 
achieves parenteral nutrition and brachytherapy simultane-
ously and is safe and effective in dysphagia palliation in 
patients with malignant esophageal stricture. The radiolog-
ical-radiotherapeutic procedure could be an alternative tool 
in the case of refusing other treatments by the patients.
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