Name of Journal: World Journal of Gastrointestinal Endoscopy
ESPS Manuscript NO: 18635

Manuscript Type: Topic Highlights
2015 Advances in Gastric Cancer
Treatment modalities for early gastric cancer
Espinel J et al. early gastric cancer
Jesús Espinel, Eugenia Pinedo, Vanesa Ojeda, Maria Guerra del Rio
Jesús Espinel, Department of Digestive Diseases, Hospital Universitario de León, 24071 León, Spain 
Eugenia Pinedo, Department of Radiodiagnosis, Hospital Universitario de León, 24071 León, Spain
Vanesa Ojeda, Department of Digestive Diseases, Hospital Universitario Dr. Negrín, Las Palmas de Gran Canaria, 35010 Canaria, Spain 
Maria Guerra del Rio, Burton Hospitals NHS Foundation Trust, Burton on Trent, Staffordshire DE13 0RB, United Kingdom 
Author contributions: All authors contributed equally to the paper. 
Conflict-of-interest statement: The authors declare that they have no competing interests. 
Open-Access: This article is an open-access article which was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/
Correspondence to: Jesús Espinel,  MD, Department of Digestive Diseases, Hospital Universitario de León, C/ Altos de Nava, s/n, 24071 León, Spain. espinel.jesus@gmail.com
Telephone: +34-987-237400    
Fax: +34-987-235318
Received:  April 25, 2015
Peer-review started: April 26, 2015
First decision: June 2, 2015
Revised: June 17, 2015
Accepted: August 25, 2015

Article in press:

Published online:
Abstract 

Different treatment modalities have been proposed in the treatment of early gastric cancer (EGC). Endoscopic resection (ER) is an established treatment that allows curative treatment, in selected cases. In addition, ER allows for an accurate histological staging, which is crucial when deciding on the best treatment option for EGC. Recently, endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD) have become alternatives to surgery in early gastric cancer, mainly in Asian countries. Patients with “standard” criteria can be successfully treated by EMR techniques. Those who meet “expanded” criteria may benefit from treatment by ESD, reducing the need for surgery. Standardized ESD training system is imperative to promulgate effective and safe ESD technique to practices with limited expertise. Although endoscopic resection is an option in patients with EGC, surgical treatment continues to be a widespread therapeutic option worldwide. In this review we tried to point out the treatment modalities for early gastric cancer.
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Core tip: Gastric cancer is one of the main causes of cancer death. For early gastric cancer (EGC) endoscopic resection is an effective treatment modality for selected cases of EGC. endoscopic submucosal dissection is designed to provide en bloc R0 resection regardless of size. Gastrectomy is the standard treatment for EGC with suspected lymph node metastases. This review describes the current different treatment modalities for early gastric cancer.   
Espinel J, Pinedo E, Ojeda V, del Rio MG. Treatment modalities for early gastric cancer. World J Gastrointest Endosc 2015; In press
INTRODUCTION
Gastric cancer is one of the leading causes of cancer worldwide, causing high mortality. In Asian countries, the frequency of early gastric cancer (EGC) is far superior to that of Western countries. Currently early gastric cancer (EGC) is defined as one that is limited to the mucosa or submucosa, regardless of the existence of nodal metastases[1]. The incidence of lymph node metastasis in EGC is very low. If the EGC is confined to the mucosa, the incidence is estimated at around 3%. When the EGC reaches the submucosa, rises to nearly 20%[2]. The existence of nodal metastases influence the type of treatment to be used. In these cases, surgical treatment is recommended along with adjuvant therapy. Overall the EGC has a good prognosis, with a 5-years survival rate of over 90%[3]. There are different therapeutic options for the treatment of early gastric cancer. At present, endoscopic resection provides a minimally invasive treatment with a similar efficacy to surgery.
Treatment modalities

Therapeutic modalities for EGC range from endoscopic resection to gastrectomy and adjuvant treatments. Therefore, it is essential to perform an adequate staging of cancer as to determine which patients are candidates for either therapy.

Endoscopic treatment
Endoscopic therapy is a minimally invasive treatment that allows the patient to preserve the entire stomach and maintain a good quality of life. Moreover, the cost is usually less and efficacy comparable to surgery. The degree of difficulty in performing endoscopic resection depends on the location of the lesion in the stomach, being the difficulty higher for resection of lesions localized on the posterior wall and lesser curvature. Depressed type of EGC is the most common. To facilitate the visualization of the lesion mucolytic and defoaming agents are used (e.g., Acetylcysteine and Dimethicone, respectively). Endoscopic therapy is directed to selected patients in whom there is no evidence or risk of lymph node involvement. Endoscopic resection versus ablative technique allows assessing the specimen thus becoming the optimal method of staging for early gastric cancer[4]. Also, endoscopic therapy does not prevent a subsequent surgical therapy if needed. EUS has limited staging accuracy (80%-90%) and therefore would result in unnecessary surgery in up to 10%-20% of patients[5,6]. Endoscopic resection allows the pathologist to assess the depth of invasion, degree of differentiation and lymphatic and vascular involvement, thus allowing for a prediction of the risk of metastases in the lymph nodes. This is crucial for a correct diagnosis and risk stratification of metastasis. The main endoscopic techniques used are endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD). According to the histological and morphological findings gastric carcinoma can be divided into differentiated (intestinal) and undifferentiated (diffuse)[7]. The risk for nodal metastasis for differentiated and undifferentiated EGC is around 0.4% and 4%, respectively. Endoscopic resection techniques can be applied, according to “standard” criteria, in patients with lesions resectable en bloc which meet histological criteria (intestinal type adenocarcinoma limited to the mucosa without venous or lymphatic invasion) and morphological criteria (< 20 mm without ulceration; < 10 mm for flat and depressed lesions)[8,9]. When these criteria are met, the risk of lymph node involvement is not more than 1.7%. In addition, “expanded” criteria for endoscopic resection have been defined which include: (1) EGC intestinal type mucosa confined to any size without ulceration; (2) EGC intestinal type confined to the mucosa < 3 cm with ulceration; and (3) EGC intestinal type < 3 cm confined to the upper 0.5 mm from the submucosa (sm1 < ((( (m) without lymphovascular involvement and 4. ECG poorly differentiated, < 2 cm, not ulcerated[10,11]. Expanded criteria for ER reduces the need for gastrectomy in EGC (Table 1). When ER has been performed for poorly differentiated type of EGC results for patients who declined surgical treatment showed: en bloc resection rate 83%, complete resection rate 81%, clinical remission 93%, and recurrence in only 7%[12] . 
Endoscopic mucosal resection

Currently endoscopic mucosal resection (EMR) is considered as an effective and safe treatment for superficial lesions. Requires specific endoscopic experience and the endoscopist needs to be prepared to try to resolve the possible complications that may arise during the implementation of the technique. Over the last years different EMR techniques have been described[13]: (1) Strip biopsy[14]. This resection technique designed to remove small lesions requires the use of a dual channel endoscope. It simultaneously uses a polypectomy snare and a biopsy forceps to achieve the resection; (2) Endoscopic double snare polypectomy; (3) EMR using a transparent plastic cap, initially developed in 1992 for resection of early oesophageal cancer and later for resection of early gastric cancer[15]; and (4) EMR using a ligation device (Multiband mucosectomy)[16,17] (Figure 1). These last two are the techniques for endoscopic mucosal resection most widely used in the treatment of EGC. However, in lesions greater than 20 mm, recurrence rate may be increased as they might require a piecemeal resection[18]. Therefore, EMR is the procedure of choice in patients with EGC who meet the standard criteria for endoscopic resection. Different studies have shown excellent results using EMR with figures for complete resection and survival at 5 years greater than 85%-90%[19,20]. The risk of local recurrence associated with EMR is variable. If the resection is piecemeal the risk of recurrence rate is set below 35%, being practically nonexistent if en bloc resection was possible[21,22]. In cases of incomplete resection with EMR, gastrectomy might be indicated if the tumor has submucosal or lymphovascular involvement or positive resection margins. However, in cases where the patient is a poor surgical candidate further endoscopic resection could be considered with good results, especially if incomplete resection is due to the presence of positive lateral margins of resection[23,24]. In treatment with EMR a suitable distance of at least 2 mm between the EGC and the edge of the specimen is required to achieve complete resection. Indigo carmine chromoendoscopy is the most useful method to determine the lateral margin of EGC.
Endoscopic submucosal resection

Endoscopic submucosal resection (ESD) is a complex and demanding technique that allows en bloc resection of larger EGC, avoiding piecemeal resection of the EMR and therefore the risk of recurrence[25-27]. Similar to the EMR, its main indication is resection of superficial tumors with no risk of lymph node metastasis. Expanded criteria have been proposed for endoscopic resection with ESD, as with this technique large en bloc resections are possible. ESD for EGC with expanded criteria have long-term survival and outcomes similar to those of patients treated according to the traditional criteria (5-year survival rate 93% and 92%, respectively)[28]. In ESD, the lesion is marked circumferentially, usually by applying soft coagulation current. Then, a solution with saline (0.9% NS), adrenaline and dyes (indigo carmine, methylene blue) is injected into the submucosa allowing distinction between the submucosal and muscular layer. Some authors do not recommend the use of Methylene blue because it is absorbed into the cell nucleus, which results in intense staining that hampers visualization[29]. To avoid the short duration of the lifting effect of submucosal injection, others have suggested the use of substances with a viscosity grade higher than saline (0.9% NS). The use of hyaluronic acid has been proposed but its high price, has conditioned its use[30,31]. Glycerol 10% could be a good and cheap alternative[32]. Finally, the lesion is dissected and removed en bloc using different types of needles, specific for each step of the procedure (Needle Knife, IT Knife, Flex knife, Hook knife, Triangle-tip knife, Dual Knife, Hybrid Knife, Flush knife and others) typically done with coagulating current. Some needles have at the tip an insulating material with a protective function that allows for a safer dissection[33-35] (Figure 2). The main functions that must meet the ESD devices are: marking, injection, precutting, circumferential incision, submucosal disection and hemostasis (Table 2). However the choice of needle depends on the availability, familiarity and personal preference of the endoscopist as there are no studies that demonstrate the superiority of one over the other. Sometimes it can be useful to use a transparent plastic cap on the endoscope tip that allows more control during dissection. Moreover, these devices use cutting currents, coagulation or a mixture of both through electrosurgical generators. CO2 insufflation is recommended because it causes less luminal distension. Furthermore, if there is a perforation the leaking CO2 will rapidly be reabsorbed decreasing the intraperitoneal pressure and then the respiratory compromise[36]. From a technical point of view, ESD is more challenging than EMR and requires more "preparation". However, the main advantage of the ESD over other techniques is that it allows en-bloc resection of larger lesions reducing the rate of local recurrence. As demonstrated in comparative studies between EMR and ESD, with ESD success rates between 95%-98% for in-bloc resection and survival at 5 years of 83%-97%[37,38]. The ESD requires skill and a long learning curve[39-42]. In cases when resection with ESD is incomplete (positive resection margins, invasion of the submucosa or muscularis, lymphovascular invasion or undifferentiated cancer), surgery should be considered (gastrectomy with perigastric nodal resection)[43]. The role of laparoscopic perigastric nodal resection is not clearly established but may be considered as an alternative[44]. ESD can be use in elderly patients as well as in those who require antiplatelet therapy for high risk of thrombosis[2]. Proposed strategy for endoscopic treatment by ESD set 4 levels: capability for EGC detection and knowledge of the indications of ESD, observation of several ESD procedures performed by expert endoscopists, perform dissections in ex-vivo animal models followed by procedures in animal models in vivo and finally performing selected (simple) ESD in humans under expert supervision. Then, continue with training in animal models to acquire more skill. About 20 annual cases of ESD are considered necessary to acquire competence in ESD[2]. In Japan and Korea the incidence of early gastric cancer is significantly higher compared to the West. Therefore in the West, the opportunities to conduct training in gastric EDS are scarce.
ENDOSCOPIC COMPLICATIONS
Various complications after endoscopic treatment for EGC have been described: bleeding, perforation, stenosis, aspiration pneumonia, phlegmonous gastritis, mediastinal emphysema. Of these, the most common is bleeding, the average incidence is set at 9% and usually occur during the process or within 24 h[45]. Depending on the time of onset, bleeding can be classified as: (1) immediate; (2) early (within the procedure); or (3) late (post-procedure). The immediate bleeding is less common in the distal portion of the stomach as the submucosal arteries are of lower caliber[46]. Acute bleeding may obscure the visual field, leading to a higher risk of complications. Therefore, endoscopic hemostasis should be immediately performed. The incidence of delayed bleeding after ESD is below 15%[37] and different factors have been related to its appearance: macroscopic appearance (large size > 40 mm, depressed or flat lesion), location in the middle or upper third, advanced age (> 80 years), limited endoscopic experience, timely procedure or treatment of recurrent lesions[47,48]. Late risk of bleeding after ESD may decrease significantly by prophylactic electrocoagulation of large visible submucosal vessels. This technique is preferable to other types of hemostasis such as clips that can hinder the completion of the procedure[49]. Currently, there is no evidence that the realization of a second-look contributes significantly to reduce the risk of late bleeding following ESD. While it is habitual to advice antisecretory therapy over the following weeks, this practice has not demonstrated benefit in lowering the rate of delayed bleeding[50]. The incidence of perforation ranges from 1%-20% depending on experience[51-53]. The use of dye injection (e.g., Indigo carmine) allows to better identify the muscle layer making ESD a safer technique. Perforation can be diagnosed during or after the procedure (frank perforation or micro-perforation, respectively). However, no evidence of lymph node metastasis and/or peritoneal dissemination caused by gastric perforation has been reported[54]. If a perforation is immediately noticed during the procedure and its size is small, it can be treated endoscopically with clips and broad spectrum antibiotics. In these cases absolute diet is recommended for at least 2 d[55]. Conversely, if the perforation is large, urgent surgery is required. It is possible that CO2 insufflation may reduce the risk of perforation[56]. If free air is found on a plain chest X-ray after the ER (micro-perforation), the management (conservative or surgical) is not conclusively established. The appearance of scar stenosis is uncommon (0.6%-2%) and is associated with extensive resections in the gastric antrum[51]. Local administration triamcinolone can be used as an attempt to prevent this complication[57]. Balloon dilation is the endoscopic treatment most frequently used for this complication, but involves some risk of perforation[58]. Aspiration pneumonia is rare (0.7%-1.5%) and is associated with prolonged procedures.
follow-up after endoscopic resection

EGC patients treated by endoscopic resection with curative intent, require monitoring to detect local recurrence and metachronous gastric cancer. In patients with EGC who meet “standard” criteria for endoscopic resection, it is advisable to perform an upper gastrointestinal endoscopy yearly. Patients who meet “expanded” criteria, in addition to the annual endoscopy, monitoring can be performed alternating abdominal computed tomography and endoscopic ultrasound every 6 months for 3 years. The objective of this additional monitoring is to detect lymph node and distant metastases[59]. 
SURGICAL treatment

Although endoscopic resection is an option in patients with EGC who meet the above criteria, surgical treatment continues to be a widespread therapeutic option worldwide with survival rates at 5 years of 97%[60]. Currently, there are no comparative studies between gastrectomy and endoscopic treatment. However, several results show clinical prognosis to be similar although patients with endoscopic treatment benefit from a shorter hospital stay and lower costs[61,62]. Patients who do not meet the criteria for endoscopic resection have a higher risk of lymph node metastases which forces a gastrectomy with perigastric lymph node excision. Another indication for gastrectomy is the detection during staging of lymph nodes or a high suspicion of their existence. The type of gastrectomy (subtotal gastrectomy or total) is determined by the location of the lesion, reserving the subtotal gastrectomy for EGC located in the lower two thirds of the stomach. Another option is laparoscopic gastrectomy. Laparoscopic gastrectomy was initially reported in Japan in 1994[63]. Open gastrectomy is still performed more frequently in the Western countries than laparoscopic resection even for patients with early stage disease[64]. In Japan, EGC (T1N0 or T2N0) is considered as the only indication for laparoscopic gastrectomy. A recent review that included 22 studies show that laparoscopic gastrectomy versus open gastrectomy offers a similar prognosis with significantly lower postoperative morbidity, lower intraoperative blood use, shorter hospital stay and no increased rates of recurrence. Furthermore conversion rates to open laparoscopic surgery were less than 3%[65]. 

The surgical outcome of gastric cancer in obese patients is controversial. The number of lymph nodes retrieved is, in these patients, higher[66]. Moreover, obesity is an independent risk factor for developing 30-d postdischarge complications[67].
Adjuvant therapies

It is known that chronic infection with Helicobacter pylori is a risk factor of developing gastric cancer. Currently, treatment of Helicobacter pylori infection in all patients with EGC is recommended, regardless of the chosen treatment option to reduce the risk of metachronous gastric cancer[68,69]. The need for adjuvant therapy (chemotherapy, radiotherapy) in patients with EGC treated with complete endoscopic resection is debated. Recent guidelines recommend observation, avoiding adjuvant therapy in patients with T1N0 disease without involvement of the resection margins. However, adjuvant treatment is clearly indicated in patients with positive lymph node involvement.
CONCLUSION

Endoscopic resection (EMR/ESD) is a safe and effective staging and therapeutic modality for selected patients with early gastric cancer. Patients with “standard” and “expanded” criteria can be successfully treated by EMR and ESD techniques, respectively. Surgical treatment continues to be a widespread therapeutic option in patients with incomplete endoscopic resection or advanced gastric cancer.
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Table 1 Treatments options in a patient with early gastric cancer
	Histology
	Mucosal cancer
	Submucosal cancer

	
	 ≤ 10 mm

(flat/depressed)
	≤ 20 mm > 20 mm 

(No ulceration)
	≤ 30 mm > 30 mm

(Ulceration)
	Into the upper third    (≤ 30 mm)
	Into the middle third (any size)

	Intestinal type
	EMR
	EMR
	ESD
	ESD
	Surgery
	ESD
	Surgery

	Diffuse type
	Surgery

ESD1
	Surgery
	Surgery
	Surgery
	Surgery
	Surgery


1Treatment option if the patient decline surgery. EGC: Early gastric cancer; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection. 
Table 2 Process steps in endoscopic submucosal dissection treatment of the early gastric cancer
	Process steps
	Technique/devices

	Estimation of lateral extension 
	Chomoendoscopy (indigo carmine) ± NBI

	Marking
	Mucosal markings are placed 5 mm lateral to the lesion margin

	Submucosal injection
	Injection of saline mixed with diluted epinephrine (1:100000) and indigo carmine into the submucosal layer

	Mucosal incision (precutting)
	A small initial mucosal incision is made to gain access to the submucosal space without to injure the muscularis propria (e.g., by Dual knife)

	Circumferential incisión
	Carried out 5 mm lateral to the mucosal markings

(e.g., IT knife)

	Submucosal dissection
	· The technique varies among endoscopist

· Adequate reinjection of fluid into the submucosa.

· The parallel movement for muscle layer with the IT2 is typically lateral.

· With the Dual knife forward.


NBI: Narrow band imaging.
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Figure 1 endoscopic mucosal resection with Multiband Ligator for early gastric cancer. A: Argon plasma coagulation is used for marking early gastric cancer; B: A multiband ligator was used to create a pseudopolyp and it is removed by a minipolypectomy snare using pure coagulating current; C: Residual scar after Multiband Mucosectomy.
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Figure 2 Different types of devices, specific for each step of the Endoscopic submucosal dissection procedure. A: ITknife-2; B: Hook knife; C: Dual knife; D: grasper for haemostasis. (Courtesy of Olympus Medical Systems,Tokyo,Japan).
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