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Abstract
Esophageal cancer is well known to have a poor prognosis. It is often diagnosed in the late stages, with dysphagia being the major symptom. Insufficient nutrition and lack of stimulation of the intestinal mucosa may worsen immune compromise due to toxic side effects. A poor nutritional status is a significant prognostic factor for increased mortality. Therefore, it is most important to optimize enteral nutrition in patients with esophageal cancer before and during treatment as well as during palliative treatment. Percutaneous endoscopic gastrostomy (PEG) may be useful for nutritional support. However, PEG tube placement is limited by digestive tract stenosis and is an invasive endoscopic procedure with a risk of complications. There are three PEG techniques. The pull/push and introducer methods have been established as standard techniques for PEG tube placement. The modified introducer method, namely the direct method, allows for direct placement of a larger button-bumper-type catheter device. PEG tube placement using the introducer method or the direct method may be a much safer alternative than the pull/push method. PEG may be popular in patients with esophageal cancer because of the improved complication rate. 	Comment by wsqc: Please consider an alternative here, such as recommended or appropriate.
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Introduction
Tumors of the esophagus and gastroesophageal junction are some of the most malignant cancers with high mortality rates because many patients are diagnosed in the advanced stages[1]. Dysphagia, or difficulty swallowing, is one of the most distressing and debilitating symptoms. Dysphagia leads to nutritional compromise and deterioration of quality of life[2,3]. When the esophageal lumen becomes stenotic to less than 14 mm in diameter, dysphagia generally develops. It first becomes difficult to swallow solid food. Next, it becomes difficult to swallow semisolid food. Finally, fluids and even saliva are difficult to swallow. Patients develop anorexia and significant weight loss secondary to the tumor effects and may present with varying degrees of malnutrition. A poor nutritional status is a significant prognostic factor for increased mortality[4]. 
Selection of therapy for esophageal cancer is dependent upon the tumor stage, location, and histological type and the physician’s experience and preference. Therapeutic options include surgical resection of the primary tumor, chemotherapy, and radiotherapy. Therapies are sometimes combined, such as chemotherapy plus surgery or chemotherapy and radiotherapy plus surgery. Many of these patients find that their initial dysphagia worsens during this treatment because of side effects such as esophagitis and oral mucositis. Moreover, insufficient nutrition and lack of stimulation of the intestinal mucosa may worsen immune compromise due to toxic side effects[5]. During these periods, it is most important to optimize enteral nutrition. Early enteral nutrition reduces the incidence of life-threatening surgical complications in patients who undergo esophagectomy or esophagogastrectomy for esophageal carcinoma[6-10]. Nutrition is administered through a transnasal feeding tube for short-term feeding when oral intake is not possible. When chemotherapy and/or radiotherapy are intended to be curative, they frequently compromise oral intake for a long period of time. Nasogastric tubes are easy to place, but they are poorly tolerated for prolonged periods of feeding. Percutaneous endoscopic gastrostomy (PEG) may be one of the best options for nutritional support.
A majority of patients are destined to receive palliation only, which is associated with a severely impaired health-related quality of life. These patients require palliative treatment including brachytherapy, chemotherapy, and endoscopic palliation techniques such as esophageal dilatation, intraluminal stents, and laser therapy to relieve progressive dysphagia[11,12]. The two most commonly used strategies for improving swallowing are stent insertion and radiation, including intraluminal brachytherapy. They allow for an almost normal oral intake. Unfortunately, some patients develop restenosis symptoms after palliative therapy, and some develop severe treatment-related side effects such as mucositis from radiation therapy. Stent insertion is difficult in some patients with proximal esophageal cancers. For these patients, PEG or nasal tubes may be the best options for nutritional support.

PEG procedure
There are three PEG tube insertion methods. The pull/push and introducer methods have been established as standard techniques for PEG tube placement. In the pull/push method, the feeding tube is introduced through the mouth, and thus requires a reasonably patent esophagus. In the introducer method, balloon-type catheter feeding tubes can be inserted directly into the stomach through the abdominal wall. The third method is the modified introducer method (i.e., direct method). The direct method involves fixation of the gastric wall to the abdominal wall using a gastropexy device followed by dilation of the hole using a dilator, which allows for direct placement of a larger button-bumper-type catheter device. Use of the direct method is spreading in Japan, but it is not yet used worldwide[13]. Each method has advantages and disadvantages. 

Pull/push method
The pull/push PEG technique is based on the standard Ponsky technique, in which a guidewire is inserted through the abdominal wall under endoscopic guidance, grasped by a snare through a port on the endoscope, and subsequently advanced in a retrograde manner through the patient’s mouth. The remaining end exits the patient through the anterior abdominal wall. A 20-French Ross Flexiflo Inverta-PEG tube (Abbott Laboratories, Columbus, OH) is then secured to the transoral end of the patient’s mouth and abdominal wall by pulling the extra-abdominal end of the wire to advance the gastrostomy tube[14].

Introducer method
The introducer PEG technique is based on the Russell introducer method of PEG placement. After the endoscope is inserted and the PEG site is marked, four T-fasteners are placed before gastrostomy tube insertion to secure the stomach to the anterior abdominal wall. This prevents gastric wall displacement while inserting the gastrostomy tube. Using the Seldinger technique, a short guidewire is then passed transabdominally under endoscope visualization. Serial dilators are passed over the guidewire to create a stoma tract; the endoscope remains in place for visualization and verification of gastrostomy tube placement. An 18-French Ross Flexiflo gastrostomy tube (Abbott Laboratories) is then inserted or pushed over the guidewire, directly through the anterior abdominal wall[15].

Direct method
The direct method is a modified version of the introducer method (Direct Ideal PEG kit; Olympus Corp., Tokyo, Japan). Using this method, the anterior wall of the stomach is sutured with two nylon sutures using an endoscope for ease of PEG catheter insertion. The stomach is punctured using a double-lumen gastropexy device. An approximately 10-mm incision is made between these two sutures on the anterior abdominal wall. A needle with an outer plastic sheath (18-French) is introduced into the stomach under endoscopic visualization. The needle is removed, the guidewire is replaced, and the skin incision is dilated by passing a dilator percutaneously into the stomach over the guidewire under endoscopic visualization. After the dilator is removed, a measuring device is inserted over the guidewire to determine the length of the button, followed by insertion of a 24-French PEG tube using an obturator[13] (Fig. 1).

Outcomes of PEG
PEG in patients with esophageal cancer
PEG tube feeding is the preferred method with which to provide long-term tube feeding, and its use is currently widespread. A few studies have examined usefulness of PEG for cancer of the esophagus. In 2001, Stockeld et al. inserted a PEG tube into patients with esophageal cancer in all stages and locations including 37% of patients who had undergone oncological treatment with curative intent[16]. In 2010, Rabie et al. performed PEG in patients with esophageal cancer with different indications, including chemotherapy[17]. In 2011, Yagishita et al. performed PEG tube placement in patients with esophageal cancer and head and neck cancer with advanced-stage malignancies and oral intake difficulties for the purpose of nutritional support. Prophylactic gastrostomy was performed in 33% of patients who had undergone elective chemoradiotherapy[18]. Also in 2011, Dyck et al. and Zuercher reported PEG tube placement in patients with esophageal cancer, including those who had undergone chemoradiotherapy[19,20]. In 2012, Grilo et al. inserted PEG tubes into patients with upper esophageal cancer who had undergone palliative chemotherapy or radiation[21]. Radiation therapy is frequently associated with mucositis, dysphagia, loss of taste, and anorexia. Chemoradiation therapy and hyperfractionated radiation therapy are usually associated with even more severe treatment-related side effects and greater impairment of swallowing function. These radiation and chemoradiation treatments are long-term. Therefore, during these periods, PEG tube insertion may be one of the best options for nutritional support if the complication and mortality rates of PEG are low. Nasogastric tubes are easy to place, but they are poorly tolerated for prolonged periods of feeding because they are associated with frequent ulceration, esophageal reflux, and general discomfort. PEG tubes are better tolerated, but they must be used selectively in patients who can be predicted to have a long-term need for nutritional support[22]. 	Comment by Dr. Angela Morben: Please check that your intended meaning has been retained here.
There are more reports of patients with head and neck cancer than patients with esophageal cancer. One of the reasons for this is that stent insertion and brachytherapy are the first-choice palliative treatments in patients with middle and low esophageal cancers in many institutions. In terms of nutritional support, the most important factor is maintenance of oral food intake, which should stabilize or even improve quality of life. Dysphagia improves more rapidly after stent placement[11,12], and long-term relief of dysphagia is better after brachytherapy[23,24]. Therefore, stent placement may be reserved for patients with severe dysphagia in combination with a short life expectancy who need more rapid relief of dysphagia and for patients with persistent or recurrent tumor growth after brachytherapy[11,12]. When these modalities are technically not possible, nutritional support with a nasoenteric feeding tube or PEG tube should be considered to maintain adequate calorie intake. Grilo et al. suggests that PEG should be considered as a nutritional support method in patients with upper esophageal cancer that is unsuitable for esophageal stenting[21]. For patients who suffer from restenosis symptoms after palliative therapy or who have proximal esophageal cancers, PEG may be one of the best options for nutritional support. However, studies on this topic have weaknesses typical to retrospective studies. Nugent and Locher reported that there is no sufficient evidence to determine the optimal method of enteral feeding for patients with head and neck cancer receiving radiotherapy and/or chemoradiotherapy[25,26]. Larger studies of enteral feeding in patients with esophageal cancer are needed.

Complications
PEG tube placement is an invasive endoscopic procedure with a risk of complications. Minor complications resulting from PEG tube placement include cellulitis, ileus, peristomal leakage, extrusion, tube obstruction, and gastric wall hematoma formation. Major complications include peritonitis, hemorrhage, airway aspiration, peristomal wound infection, buried bumper syndrome, and gastrocolic fistula[27] (Table 1).	Comment by Dr. Angela Morben: Because the manuscript contains only one table, it should be labeled “Table 1.”
The major complications of the standard pull/push method, which requires an esophageal lumen sufficient to pass a standard endoscope[28], include peristomal wound infections presumably resulting from contamination of the gastrostomy catheter as it passes through the oral cavity[13,29] and tumor implantation at the PEG site[30]. In the literature on patients with cancer, the overall complication and mortality rates of the pull/push method in patients with head and neck cancer are 10.9–42% and 0–5%, respectively[14,16,17,19-21,31-34]. 
An overall complication rate of 0–11% and mortality rate of 0% have been reported with the introducer method[14,15,35,36] compared with the pull/push method in patients with cancer. In the pull/push method, one reason for the high complication rate may be that it is necessary to dilate the lumen before treatment when the stenosis caused by the tumor is severe. In many patients, PEG tube placement can be limited by digestive tract stenosis. PEG tube placement using an introducer is the safest alternative in this group of patients, but use of the available devices is difficult to implement. 
In the past, the introducer technique was technically more demanding and associated with a lower success rate. This problem was solved by the use of T-fasteners to secure the anterior stomach to the abdominal wall[37,38]. Therefore, recent data on the introducer method using T-fasteners show low complication rates of less than 11% and no mortality[36,39-43]. However, Dyck’s study shows that severe short-term complications may occur in patients with esophageal or head and neck tumors after placement of the introducer PEG tube with T-fasteners, leading to urgent surgical intervention and even death in a substantial number of patients[19]. Why the complication and mortality rates were high in Dyck’s study is unclear. Selection bias may be one reason. Dyck et al. reported that better follow-up of PEG tube daily care might be necessary. In almost all studies, the complication and mortality rates were low. Larger studies on the introducer method in patients with esophageal cancer are needed.
 One disadvantage of the introducer method is that only small-diameter balloon-type catheters are available and the requirement for frequent catheter changes when long-term tube feeding is needed[40,41]. The modification of the PEG device using the introducer technique is improved in this respect. It allows for the use of a larger-caliber tube with low complication rates and no procedure-related mortality. The direct method reduces the incidence of catheter changes compared with the 20-French catheter in the standard pull/push method. It is also feasible, safe, and efficient in outpatients with obstructive head and neck cancer. However, procedure-related severe bleeding associated with the direct method has been reported[44]. 

  Timing of PEG tube placement
Cady et al. reported that patients who require therapeutic PEG tube placement in response to significant weight loss during treatment suffer greater morbidity than do patients who receive PEG tubes prophylactically[45]. Patients who have a PEG tube at treatment initiation experience less overall weight loss and fewer hospitalizations and toxicity-related treatment interruptions. However, Locher et al. reported that systematic evidence assessing both the benefits and harm associated with prophylactic PEG tube placement in patients undergoing treatment for head and neck cancer is weak, and the benefits and potential for harm have not been established[26].

Conclusions
An optimal supportive treatment for esophageal carcinoma is not yet available. PEG has many advantages for esophageal cancer, although there is insufficient evidence to determine the optimal method of enteral feeding. Enteral nutrition by the introducer method or the direct method must be studied with an emphasis on the long-term effectiveness and safety of supportive therapy of the esophagus.
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Figure Legends

Figure 1
Direct method
1: The transilluminated area on the abdominal wall was pushed with a finger.
2, 3: The stomach was punctured using a double-lumen gastropexy device.
4: A needle with an outer plastic sheath (18-French) was introduced into the stomach under endoscopic control.  
5: The needle was removed and the guidewire was replaced.
6, 7: The skin incision was dilated by passing a dilator percutaneously into the stomach over the guidewire under endoscopic visualization. 
8: After the dilator was removed, a 24-French PEG tube using an obturator was inserted over the guidewire.

Table 1
Comparison of the advantages and disadvantages of the pull, introducer, and direct PEG placement methods
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