( Chapter (6)

Treatment of Stomach Cancer

Surgical Treatment:

As long as there is no documented metastatic disease, the surgical resection of gastric tumors is the mainstay of treatment. We recommend a wide macroscopically negative margin of 5 to 6 cm, along with the en bloc resection of lymph nodes and adherent surrounding organs. D2 lymphadenectomy, sparing the spleen and distal pancreas, is employed if it can be done with low morbidity and mortality. The appropriate surgical procedure for a given patient must take into account the location of the lesion and the known pattern of spread.

Table (3): Nomenclature: extent of surgical resection and lymphadenectomy
	Description
	Regions Included in Resection

	D1------
	Removal of all nodal tissue within 3 cm of the primary tumor

	D2-​​​​​​-----
	D1 plus clearance of hepatic, splenic, celiac, and left gastric lymph nodes

	D3------
	D2 plus omentectomy, splenectomy, distal pancreatectomy, and clearance of porta hepatis lymph nodes and para-aortic lymph nodes


Proximal Tumors:

Proximal tumors account for about 50% of all gastric carcinomas. These tumors are usually advanced at presentation and are associated with a poorer long-term prognosis than are distal cancers. There are three types of gastro-esophageal junction tumors according to the Siewert classification: type I are associated with Barrett esophagus or true esophageal cancer growing into the gastroesophageal junction, type II cancers are true junctional tumors that lie within 2 cm of the squamo-columnar junction, and type III cancers are present within the subcardial region of the stomach. The optimal surgical management of type II and III cancers is controversial. The options include total gastrectomy and proximal subtotal gastrectomy. Because of the advanced stage of most tumors of the cardia at diagnosis, some authors argue that any operation is realistically only a palliative procedure and that, therefore, one should always perform the simpler proximal subtotal gastrectomy, especially because total gastrectomy does not improve prognosis for patients with stage III and IV disease. However, some studies have shown a poorer quality of life in patients who undergo a proximal subtotal gastrectomy than in patients who undergo a total gastrectomy.
At M. D. Anderson, we usually perform a total gastrectomy with a Roux-en-Y reconstruction and regional lymphadenectomy for proximal gastric lesions. This procedure has the advantage of avoiding the alkaline reflux esophagitis often associated with proximal subtotal gastrectomy. Furthermore, lymph nodes along the lesser curvature, a common site of spread, are easily removed during a total gastrectomy. There is also no greater mortality or morbidity in patients who undergo total gastrectomy compared with those who undergo a proximal subtotal gastrectomy [Barry-Feig, et al., 2006].

Midbody Tumors:

Midstomach tumors account for 15% to 30% of all gastric cancers. For the same reasons as those given for our approach to the treatment of proximal tumors, we recommend total gastrectomy with regional lymphadenectomy if the node dissection can be done with low morbidity.

Distal Tumors:

Distal tumors account for approximately 35% of all gastric cancers. The standard operation for these lesions is a distal subtotal gastrectomy with appropriate lymphadenectomy. Subtotal gastrectomy entails resection of approximately three-fourths of the stomach, including the majority of the lesser curvature. This procedure is performed for two reasons. First, randomized prospective trials demonstrated no survival benefit to total gastrectomy over subtotal gastrectomy. Second, the quality of life is better in those who have subtotal gastrectomy than in those who have total gastrectomy.

Because studies have shown that microscopic invasion beyond 6 cm from the gross tumor is rare, we therefore recommend a 5- to 6-cm luminal resection margin when possible. Even if this distance is achieved, however, the surgical margins should be evaluated by frozen-section preparations [Barry-Feig et al., 2006].

Splenectomy:

Splenectomy is not performed unless the tumor adheres to or invades the spleen or its vascular supply. Routine splenectomy does not improve survival but does increase the morbidity and mortality associated with gastrectomy in western patients. If splenectomy is anticipated preoperatively because of tumor adherence shown by CT, we give pneumococcal polysaccharide, meningococcal, and Haemophilus influenza vaccines before surgery. There is a large ongoing trial in Japan that is specifically examining the role of splenectomy in the treatment of patients with gastric adenocarcinomas [Barry-Feig, et al., 2006].
Lymphadenectomy:

Despite prospective randomized trials, controversy still exists about the role of extended lymphadenectomy in the treatment of gastric cancer. Radical lymphadenectomy was adopted based on an initial report published in 1981 by Kodama et al. that described a survival benefit for patients with serosal or regional lymph node involvement who underwent a D2 or D3 lymphadenectomy (R2 or R3 in the old Japanese nomenclature). Specifically, the 5-year survival rate in patients who underwent a radical lymphadenectomy was 39% as opposed to only 18% in patients who underwent D1 lymphadenectomy. Many other nonrandomized studies from Japan have shown a similarly significant survival benefit in patients undergoing radical lymphadenectomy. Unfortunately, Western studies have not been able to reproduce the Japanese results.

The reported differences in survival seen in Japanese and Western studies may have multiple reasons. One potential reason is that most Japanese patients present with early-stage disease, which makes overall survival appear better. Furthermore, the Japanese approach to nodal dissection and pathological analysis is much more meticulous than the approach used in the West, and there is likely to be an element of stage migration. It is not very common for nodes distant from the stomach to be evaluated in the United States. Also, proximal tumors, which behave more aggressively, are less common in Japan than in the West. Finally, the more aggressive surgery performed in Japan may confer a small increase in survival rates.

In 1996, Wanebo et al. reviewed the outcomes in 18,346 patients with gastric cancer whose records had been gathered in a database that included information from 200 tumor registries in the United States. Compared with patients undergoing D1 dissection, patients undergoing D2 nodal dissection (including lymph nodes 3 cm from the primary tumor) (Table 3) had no increase in the median survival time (D2: 19.7 months; D1: 24.8 months) or in the 5-year survival rate (D2: 26.3%; D1: 30%). In 1987, Shiu et al. retrospectively reviewed 210 patients with gastric cancer treated at Memorial Sloan-Kettering Cancer Center and found that a lymphadenectomy that did not include lymph nodes at least one echelon beyond the histologically involved nodes was predictive of a poor prognosis. This study also showed that there was not a significant difference in the morbidity associated with D1 and D2 lymphadenectomies.

Thus far, five randomized trials evaluating the extent of lymphadenectomy for gastric cancer have been conducted. Three trials compared D1 versus D2 lymphadenectomy. Two trials compared D3 versus D2 or D1 lymphadenectomy.

To compare the morbidity and outcome in patients who underwent D1 and D2 lymphadenectomy, Dent et al., from South Africa, randomized 43 patients into each arm. Those who underwent D2 dissection had a higher morbidity rate (D1: 15%; D2: 30%; P = 0.06), longer hospital stay (D1, 4.2 days; D2, 9.2 days; P <0.008), and longer operative time (D1, 1.8 hours; D2, 2.5 hours; P <0.001). However, the 5-year survival rate was similar in both groups (D1, 69%; D2, 67%).

In 2004, Bonenkamp et al. reported on a study conducted in the Netherlands in which 711 patients were prospectively randomized to undergo D1 or D2 lymphadenectomy. Patients undergoing the more extended lymphadenectomy (D2) had a significantly higher operative morbidity rate (D2, 43%; D1, 25%; P <0.001) and significantly higher mortality rate (D2, 10%; D1, 4%; P = 0.004). The 5-year relapse rates (D1, 43%; D2, 37%) and 5-year survival rates (D1, 45%; D2, 47%) were similar, however. Similar results were obtained in the Medical Research Council trial reported in the United Kingdom by Cuschieri et al. in 1999. In this study, 400 patients with gastric adenocarcinoma were prospectively randomized, as in the Dutch trial, to undergo D1 or D2 lymphadenectomy. Similarly, there was no difference in the overall 5-year survival rate between the two groups (D1, 35%; D2, 33%). In this study, as in the Dutch trial, pancreatico-splenectomy performed as part of the D2 resection resulted in increased postoperative morbidity and mortality. These data therefore do not support the routine performance of D2 lymphadenectomy in patients with gastric adenocarcinoma, particularly if pancreatico-splenectomy is necessary to effect the dissection.

In a comparison of D1 and D3 lymphadenectomy, Robertson et al., from Hong Kong, randomized 54 patients to undergo either D1 lymphadenectomy with subtotal gastrectomy or D3 lymphadenectomy with total gastrectomy. In addition to poorer survival in the D3 group, the hospital stay and blood loss was greater in the patients in the D3 group than in the D1 group.

In 2004, the Japanese Cooperative Oncology Group (JCOG 9501) reported the findings from a prospective randomized trial evaluating R0 gastrectomy with D2 lymphadenectomy versus D2 plus para-aortic lymphadenectomy. In this multicenter trial, surgeons experienced in performing extended lymphadenectomy operated on more than 500 patients. In addition to the preoperative staging, age younger than 75 years and negative peritoneal lavage cytology findings were some of the inclusion criteria. There were two deaths in each arm, accounting for a remarkably low hospital mortality of 0.8%. Although the morbidity rate in patients who underwent the D2 plus para-aortic lymphadenectomy (28.1%) was higher than that in the patients who underwent the D2 lymphadenectomy (20.9%), the difference did not reach statistical significance. Patients who underwent the D2 plus para-aortic lymphadenectomy also had longer operations (P <0.001) with increased blood loss (P <0.001), and hence higher blood transfusion requirements (P <0.001), than did those who had only a D2 lymphadenectomy. The survival results of this trial are expected in 2006.

At M. D. Anderson, spleen-sparing D2 lymphadenectomy is standard. Analysis of patients who underwent curative resection after neoadjuvant therapy at M. D. Anderson between 1991 and 1998 showed a perioperative mortality rate of 2%. Current standard recommendations include a D1 dissection (perigastric lymphadenectomy), although major centers continue to study the potential benefit and morbidity associated with more extended nodal dissections in the setting of low operative mortality [Barry-Feig, et al., 2006].

Surgical Technique:

Total Gastrectomy:

For a total gastrectomy, the dissection is begun by separating the omentum from the mesocolon. The right gastroepiploic vessels are ligated at their origin, and the subpyloric nodes are resected with the specimen. The first portion of the duodenum is mobilized and divided 2 cm distal to the pylorus. The gastrohepatic ligament is opened, and the left gastric artery is ligated at its origin. It is important to remember that an aberrant or accessory left hepatic artery may originate from the left gastric artery and reside in the gastrohepatic ligament. If an extended lymphadenectomy is done, the celiac, hepatic artery, and splenic artery nodes are cleared of nodal tissue and removed along with the specimen. The short gastric vessels are ligated sequentially up to the gastroesophageal junction. Dissection around the gastroesophageal junction can free up 7 to 8 cm of distal esophagus, which facilitates transection of the esophagus with an adequate proximal margin. Stay sutures of 2-0 silk are placed, and after the esophagus is divided, the resection margins are evaluated by frozen-section examination. If the tumor adheres to the spleen, pancreas, liver, diaphragm, colon, or mesocolon, the involved organ or organs are removed en bloc.

There are many types of reconstructions, but the one most frequently used is a Roux-en-Y anastomosis. If a significant portion of the distal esophagus is resected, a left thoracoabdominal or right thoracotomy (Ivor-Lewis approach) may be used. Although some studies have shown that reconstruction with pouches and loops to act as reservoirs are beneficial, the data are far from conclusive. The one more advanced reconstruction, which makes physiological sense and has data supporting the benefit of the procedure, is jejunal interposition between the esophagus and the duodenum. In this reconstruction, care is taken to ensure the interposition limb is at least 45 cm long. A feeding jejunostomy tube is placed for postoperative nutritional support [Barry- Feig, et al., 2006].

Subtotal Gastrectomy:

The mobilization for subtotal gastrectomy is identical to that for total gastrectomy described in the preceding section, except that only approximately 80% of the distal stomach is resected. The dissection of the distal short gastric vessels is performed first to ensure splenic preservation. The small remnant of stomach that is left is supplied by the remaining short gastric vessels and the posterior gastric artery arising from the splenic artery. We often use Roux-en-Y reconstruction after subtotal gastrectomy, although a loop gastrojejunostomy (Billroth II) is also acceptable. Other recommendations include a Billroth I [Barry-Feig, et al., 2006].

Complications of Surgery:

Complications of gastric resection and their relative incidences are given in Table 4. The most devastating complication is an anastomotic leak, which occurs in 3% to 21% of patients. Because leaks can occur late, an intact anastomosis early in the postoperative period is not a guarantee of an uncomplicated course. Oral feeding is begun 5 to 7 days postoperatively if the patient is asymptomatic. Upper gastrointestinal tract contrast studies are performed on the basis of clinical indications only (e.g., fever, tachycardia, tachypnea). Because the food reservoir is gone, many patients must initially change their eating habits such that they consume six small meals per day, otherwise called a postgastrectomy diet. Alternatively, they may eat regular meals plus snacks. Supplemental jejunostomy feedings are started the same day or the day after surgery and continued until oral intake is adequate. Within several months, most patients are able to increase their intestinal capacity and eat larger meals less frequently (three or four meals per day).

Less than 10% of patients will develop clinically significant dumping syndrome. Early dumping typically occurs 15 to 30 minutes after a meal and includes diaphoresis, abdominal cramps, palpitations, and watery diarrhea. Late dumping is usually associated with hypoglycemia and hyperinsulinemia. The medical management for dumping symptoms should include dietary modification (fiber diet and avoidance of hyperosmolar liquids) and, if refractory, a somatostatin analog.

Table (4): Complications of gastric resection
	Complication
	Percentage of Patients Affected

	Pulmonary
	3-55

	Infectious
	3-22

	Anastomotic
	3-21

	Cardiac
	1 -10

	Renal
	1-8

	Bleeding
	0.3-5

	Pulmonary embolus
	1-4


Outcomes of Surgery:

The overall 5-year survival rate in patients with gastric cancer in most Western series is 10% to 21%, which is a consequence of the high proportion of tumors that are at an advanced stage at presentation. Patients who undergo potentially curative resection have a slightly better prognosis (5-year survival rate of 24% to 57%). The 5-year survival rate in patients who undergo curative resection in Japan is reported to be at least 50%. Overall 5-year survival rates in Japan and the United States by TNM stage are listed in Table 5.
To determine gastric cancer disease-specific survival following R0 resection, researchers from Memorial Sloan-Kettering Cancer Center developed an internally validated prognostic nomogram. In this nomogram, variables included age, gender, tumor location, Lauren classification, size, number of positive and negative lymph nodes, and depth. The predictive ability of this nomogram was compared with that of the current AJCC staging system in 1,039 patients, and the nomogram was found to be superior in predicting both 5- and 9-year disease-specific survival (concordance index 0.80 vs. 0.77; P <0.001). Limitations of this nomogram are that it needs to be externally validated and it depends on several postoperative factors.
Disease recurrence has been analyzed in autopsy, reoperative, and clinical series. Some component of disease recurrence can be found in up to 80% of patients following gastrectomy. In 1982, Gunderson and Sosin analyzed patterns of recurrence in a prospective study of 109 patients who underwent gastric resection and subsequent reoperation at the University of Minnesota. Of the 107 evaluable patients, 86 (80%) had recurrent disease. Locoregional recurrence alone arose in 22 (25.6%) of these 86 patients, but peritoneal seeding was a component of recurrence in 54% of patients. Isolated distant metastases were uncommon but occurred as some component of recurrence in 29% of patients.
In 1990, Landry et al. from Massachusetts General Hospital analyzed disease recurrence in 130 patients treated by resection with curative intent. The overall locoregional recurrence rate was 38% (49/130); 21 patients (16%) had locoregional recurrence alone, 28 patients (22%) had locoregional recurrence and distant metastasis, and 39 patients (30%) had distant metastasis alone. However, when viewed only in terms of the patients in whom treatment failed, locoregional recurrence developed in 57% (49/88). The risk of locoregional recurrence increased with the degree of tumor penetration through the gastric wall. The most frequent sites of locoregional recurrence were the gastric remnant at the anastomosis, the gastric bed, and the regional nodes. The overall incidence of distant metastasis was 52% (67 patients), and the incidence of distant metastasis increased with advancing stage of disease. The overall recurrence rate was 68% (88 patients) [Barry-Feig et al., 2006].

Table (5): Five-year survival rates after gastrectomy with complete resection and >15 lymph nodes examined
			5-Year Survival Rate (%)


		United Statesa
		
	AJCC Stage

	All (n = 32,532)

	Japanese Americans (n = 697)

	Japanb (n = 587)

	Germanyc (n = 1,017)


	IA

	78

	95

	95

	86


	IB

	58

	75

	86

	72


	II

	34

	46

	71

	47


	IIIA

	20

	48

	59

	34


	IIIB

	8

	18

	35

	25


	IV

	7

	5

	17

	16


	Overall

	28

	42

	NR

	NR


	AJCC, American Joint Committee on Cancer; n, number of patients; NR, not reported (aData from Hundahl SA, et al. 2000) (bData from Ichikura T, et al. 1999) (cDatafrom Roder JO, et al. 1998)


	


In 2004, D'Angelica reported the patterns of recurrence in 1,172 patients who underwent R0 resection at Memorial Sloan-Kettering Cancer Center. At a median follow-up of 22 months, various types of tumor recurrence had developed in 42.3% of the 1,172 patients. In this analysis, disease recurred in 79% of patients with recurrence within the first 2 years of treatment. Loco-regional recurrence was the most frequent (54%), followed by distant (51%) and peritoneal (29%) recurrence. On multivariate analysis, factors predictive of loco-regional recurrence were male gender and proximal lesions. The median time to death from the time of recurrence was 6 months. Interestingly, the nodal status and the extent of lymphadenectomy were not associated with loco-regional recurrence. Although this analysis identified the recurrence pattern and predictors of recurrence, this retrospective study had some limitations. First, 26% of patients with recurrence did not have a recurrence pattern documented. Second, postoperative follow-up and adjuvant treatments were not consistent. The effect of adjuvant therapy on recurrence was also not evaluated [Barry-Feig, et al., 2006].

Early Gastric Cancer:

In the early 1960s, the Japanese defined early gastric cancer as carcinoma limited to the mucosa and submucosa, regardless of whether there was lymph node metastasis. This pathological classification was based on the high cure rate in this group of patients. In the United States, the proportion of patients with early gastric cancer at diagnosis has increased since the mid-1980s to approximately 10% to 15%. In Japan, aggressive screening has resulted in early gastric cancer being diagnosed in greater than 50% of Japanese patients with gastric cancer. Not surprisingly, therefore, the mean age of patients at diagnosis is 63 years in Western studies, whereas it is 55 years in Japanese studies. Most patients with early gastric cancer present with gastrointestinal symptoms similar to those of peptic ulcer disease, including epigastric pain and dyspepsia or even no symptoms.

Endoscopy is critical for the diagnosis of early gastric cancer. For example, in collected Western series, although only 22% of early gastric cancers were diagnosed with an upper gastrointestinal tract barium study, 80% were diagnosed with endoscopy. The Japanese have classified early gastric cancer pathologically on the basis of gross endoscopic appearance into three basic morphologic types: type I, protruded or polypoid; type II, superficial (IIa, elevated; IIb, flat; IIc, depressed); and type III, excavated or ulcerated. Early gastric cancers include all TNM T1 tumors.

Despite a high potential cure rate, up to 10% to 15% of early gastric tumors may be associated with positive lymph nodes. Therefore, although gastrectomy with D1 or D2 lymphadenectomy generally remains the treatment of choice in Japan, specific criteria have been developed for identifying patients who require only endoscopic mucosal resection. Recognition that tumor size (mucosal area), differentiation, lymphovascular invasion, and submucosal invasion are significant predictors of nodal metastases in patients with T1 tumors has also provided the means of identifying select patients with early tumors who require less aggressive treatment. In 1994, Takekoshi reported the findings from an analysis of cases of early gastric cancer from 104 centers in Japan. In particular, analysis of the endoscopic appearance (previously described) of early tumors in patients who underwent mucosal resection enabled the formulation of specific criteria for the mucosal resection of early gastric cancers without submucosal invasion. 

Subsequent analyses have led to refinements in the criteria that must be met to ensure the safe endoscopic mucosal resection of AJCC T1 gastric cancers. These criteria include only the following: (a) well- or moderately differentiated endoscopic type I or Iia tumor that is less than 2 cm in area, or (b) well- or moderately differentiated endoscopic type Iic tumor, without an ulcer scar, that is less than 1 cm in area. The incidence of nodal metastases in patients identified by these criteria was 0.01%. Although close endoscopic follow-up is necessary in patients who undergo this localized treatment, the cure rate has exceeded 90%. 

Conventional gastrectomy with at least a D1 lymphadenectomy is mandated if submucosal invasion is found on permanent serial sectioning in a patient after an endoscopic mucosal resection [Barry-Feig, et al.  2006].

Adjuvant Therapy:

Some form of recurrence develops in most patients who undergo a potentially curative resection for gastric cancer. However, although adjuvant therapy is needed in these patients, results have generally been inconsistent. Only recently has a survival benefit of adjuvant therapy been convincingly demonstrated. Unfortunately, poor tolerance of postoperative treatment is an obstacle that can frequently hamper the effectiveness of the treatment.

Postoperative Chemotherapy:

Randomized trials investigating the effects of adjuvant chemotherapy alone on survival after complete resection of gastric adenocarcinoma have produced inconsistent results. Meta-analyses performed to resolve this issue have also yielded inconsistent findings regarding the impact of postoperative chemotherapy in gastric cancer. For example, in 2002, Janunger conducted a meta-analysis of 21 randomized studies of adjuvant systemic chemotherapy and found survival duration was significantly better in those who received postoperative chemotherapy than in controls (odds ratio [OR] 0.84, 95% confidence interval [CI] 0.74-0.96). However, when the data from Asian and Western studies were analyzed separately, no survival benefits were seen for the Western patients treated with chemotherapy (OR 0.96; 95% CI 0.83-1.12). Given the flaws in the conduct of some of the randomized trials, the authors noted that the results of their meta-analysis should be interpreted with caution when it came to recommending postoperative chemotherapy in patients with gastric cancer. Likewise, Mari et al. noted in their 2000 meta-analysis of 20 randomized trials that adjuvant chemotherapy was associated with a survival benefit (hazard ratio 0.82, 95% CI 0.75-0.89, P <0.001). However, these authors were also reluctant to recommend adjuvant chemotherapy in patients with gastric cancer because of the inconsistencies in the findings from meta-analyses [Barry-Feig et al., 2006].

Postoperative External-beam Radiation Therapy:

Most studies of radiation therapy for gastric cancer have examined radiation therapy as an adjuvant to surgery or combined with sensitizing chemotherapy (usually 5-fluorouracil [5-FU]).

Studies from the Mayo Clinic in the 1960s of low-dose bolus 5-FU with 40 Gy external-beam radiation therapy versus radiation therapy alone showed that combination therapy improved survival. The improvement in survival was attributed to a radiation-sensitizing effect of the chemotherapy because the 5-FU dose was relatively low.

Two randomized studies have examined patients assigned to receive no additional therapy or radiation therapy with concurrent 5-FU after complete tumor resection. In their 1979 study of 142 patients, Dent et al. found no benefit from this combined regimen, although the findings may have been influenced by the fact that some patients may have had an incomplete resection and the radiation therapy dose was only 20 Gy. In a second study in 1984, Moertel et al. found a benefit to chemotherapy plus radiation therapy, but the study results may have been skewed because ten patients who were randomized to the experimental arm refused treatment. Nonetheless, interest was generated by this study because the 5-year survival rate was slightly higher and the local recurrence rate was lower in the adjuvant therapy group than in the surgery-only group.

Many investigators believe that the standard of care for patients with resectable gastric cancer has changed in the past 5 years on the basis of the national intergroup trial (INT-0116) initiated by the Southwest Oncology Group that evaluated two cycles of 5-FU and leucovorin followed by radiation therapy with concurrent chemotherapy following R0 resection of gastric adenocarcinoma (MacDonald et al., 2001). More than 600 patients were randomized; of these, 556 were evaluable and were randomly assigned to curative resection (n = 275 patients) or curative resection with chemoradiation therapy (n = 281 patients) consisting of 45 Gy external-beam radiation therapy delivered concurrently with 5-FU and leucovorin. The first cycle used the Mayo Clinic regimen (425 mg/m2 5-FU and 20 mg/m2 leucovorin) for 4 consecutive days, followed by concurrent chemoradiation therapy, with chemotherapy doses decreased at this point and near the end of radiation therapy. One month after the completion of radiation therapy, two additional cycles of 5-FU and leucovorin were given. Three deaths were attributed to the adjuvant therapy (1%), and morbidity was acceptable; however, only 65% of the patients were able to complete the adjuvant treatment. Nonetheless, adjuvant therapy produced a significant improvement in the disease-free and overall 3-year survival rates. The median survival in the surgery-only group was 27 months, compared with 36 months in the chemoradiation therapy group; the 3-year survival rates were 41% and 52%, respectively.

Concerns have been voiced regarding the surgery performed and the high percentage of D0 lymphadenectomies, with some investigators arguing that the principal benefit of this regimen is that it makes up for suboptimal surgery. Although 54% of patients had what was described as less than a D1 lymphadenectomy, this trial did not demonstrate any difference in overall or relapse-free survival among the three node dissection groups (P = 0.80) [Barry-Feig, et al.,  2006].
Intraoperative Radiation Therapy:

Most of the data available on intraoperative radiation therapy (IORT) for gastric cancer comes from the 1981 report of Abe and Takahashi from Japan. In a prospective nonrandomized trial, these authors compared 110 patients treated with surgery alone with 84 patients treated with surgery plus IORT. The 5-year survival rates were similar in patients with stage I disease; however, a suggestion of a survival benefit from IORT was seen in patients with stage II, III, or IV disease. In contrast, a small (<40 patients) randomized study of IORT done at the National Cancer Institute showed neither a disease-free nor an overall survival benefit from IORT, despite a marked decrease in the frequency of locoregional recurrence. Other studies of IORT have generally examined it in combination with other therapies [Barry-Feig et al., 2006].

Neoadjuvant Therapy:

The use of neoadjuvant chemotherapy in the treatment of gastric cancer evolved from preoperative treatment strategies used for esophageal and rectal cancers. Wilke et al. also sparked interest in this treatment as a result of their findings in patients with locally advanced gastric cancer (deemed unresectable either clinically or intraoperatively) who underwent R0 resection after receiving systemic preoperative chemotherapy. 

There are several potential advantages of neoadjuvant chemotherapy for gastric cancer (Ajani, 1998, Minsky, 1996). These include theoretical biological advantages (decreased tumor seeding at surgery), and the potential opportunity to assess tumor sensitivity to a chemotherapeutic regimen. That is, if the tumor responds to the neoadjuvant therapy, the same treatment can be continued postoperatively. Another theoretical advantage is an improved R0 resection rate. 

An advantage to preoperative radiation therapy is smaller treatment volume and displacement of contiguous structures by the intact tumor leading to reduced radiation therapy toxicity. Finally, the interval required for neoadjuvant therapy provides a time in which to evaluate for progression of disease, thus improving patient selection for resection. A potential disadvantage of neoadjuvant treatment is that there is a risk of overtreating patients with early-stage disease, although improved pretreatment staging with EUS minimizes this risk.

The combination of etoposide, cisplatin, and either 5-FU (ECF) or doxorubicin as neoadjuvant treatment has been evaluated in several trials. Clinical response rates have ranged from 21% to 31%, and complete pathological response rates have ranged from 0% to 15%. Multivariate analysis of the three phase II trials of neoadjuvant therapy at M. D. Anderson (Lowy et al., 1999) revealed that the response to neoadjuvant chemotherapy was the single most important predictor of overall survival after such treatment for gastric cancer.

Several important lessons have been learned from phase II trials regarding the role of neoadjuvant chemotherapy; the most important one has been that the treatment-related toxicities are acceptable. Furthermore, as previously mentioned, the outcome in those who respond to preoperative treatment is better than that in non-responders.

In 2005, survival results of the UK Medical Research Council Adjuvant Gastric Infusion Chemotherapy (MAGIC) trial were presented at the American Society of Clinical Oncology annual meeting. In this multi-institutional, prospective randomized trial, 503 patients with stage II or higher gastric cancer were randomized to receive preoperative chemotherapy followed by surgery or to undergo surgery alone. Those randomized to the preoperative treatment arm received three cycles of ECF, followed by surgery and then three cycles of ECF. Only 42% of patients completed their postoperative regimen. Both progression-free survival and overall survival were improved in the treatment arm (0.001 and P = 0.009 respectively). The 5-year survival rate was 36% in the treatment plus surgery group and 23% in the surgery-only group. Despite these promising results, the MAGIC trial is not without some criticism. First, the trial included patients with distal esophageal cancers, which may affect the results of the trial. Second, the staging in this trial may have been suboptimal due to lack of EUS or staging laparoscopy.

The approach to adjuvant therapy for gastric adenocarcinoma at M. D. Anderson has been largely to deliver the therapy preoperatively. Multimodality neoadjuvant therapy combining chemotherapy with external-beam radiation therapy is continuing to be studied. These studies are best exemplified by a pilot study of preoperative chemoradiation therapy with IORT for resectable gastric cancer done at M. D. Anderson (Lowy et al., 2001) in which 24 patients were treated with 45 Gy external-beam radiation therapy and concurrent infusional 5-FU (300 mg/m2). Patients were restaged 4 to 6 weeks after completing treatment and, if free of disease, underwent resection and IORT (10 Gy). Several findings were of significant interest. Twenty-three (96%) of the 24 patients completed chemoradiation therapy, a rate significantly higher than that in trials of postoperative adjuvant therapy. Four patients had progression of disease and did not undergo resection; the remaining 19 patients underwent resection with D2 lymphadenectomy and IORT. The morbidity and mortality rates were acceptable (32% and one death; respectively). Of the patients who underwent resection, two (11%) had complete pathological responses, and 12 (63%) had significant pathological evidence of a treatment effect.

In 2004, Ajani et al. demonstrated that a pathological complete response (30%) can be achieved through a three-step approach in patients with localized gastric adenocarcinoma. In this trial, 28 of 34 patients received induction chemotherapy (5-FU [200 mg/m2/d], leucovorin [20 mg/m2], and cisplatin [20 mg/m2/d]), followed by chemoradiation therapy (45 Gy plus concurrent 5-FU) and gastrectomy. R0 resection was achieved in 70% of patients, and a complete pathological response was noted in 30%. At a median follow-up of 50 months, the median survival was 33.7 months, and 2-year survival rate was 54%. There were two treatment-related deaths. This multi-institutional trial thus also demonstrated that a pathological response to treatment is associated with a significant survival benefit.

To discern whether it is the pathological response to preoperative chemotherapy, and not pretreatment parameters, that determine a patient's outcome, in 2005, Ajani et al. reported a prospective nonrandomized study of preoperative paclitaxel-based chemoradiation therapy. In this analysis, 43 patients received two cycles of 5-FU, cisplatin, and paclitaxel for 28 days, followed by chemoradiation therapy. The radiation regimen included 25 fractions of 1.8 Gy up to a total dose of 45 Gy. Then, patients underwent gastrectomy with spleen-preserving D2 lymphadenectomy after radiographic and endoscopic restaging. At the time of analysis, 78% of patients had undergone an R0 resection, 20% had had a complete pathological response, and 15% had had a partial pathological response. In this study, R0 resection (P <0.001), pathological complete response (P = 0.02), pathological partial response (P = 0.006), and postsurgical T and N status (P = 0.01 and P <0.001, respectively) were factors associated with overall survival. Although the authors acknowledged the importance of pretreatment parameters in the staging of gastric cancer, pathological response was a major determinant of outcome.

In summary, current trials of neoadjuvant chemoradiation therapy are yielding promising results; however, these results need to be validated in the setting of large, prospective randomized trials [Barry-Feig et al. 2006].

Management of Advanced Disease:

Many patients (20% to 30%) present with stage IV disease, and an additional 28% to 37% initially believed to have localized disease are found to have metastatic disease after complete staging. The 5-year survival rate for patients with stage IV disease approaches zero% .Hence, a large percentage of newly diagnosed gastric cancer patients are incurable. Because of this overall low cure rate for gastric cancer and the advanced disease stage at presentation in many patients, palliation is an essential component of gastric cancer management. An appropriate understanding and use of palliative techniques is therefore essential.

Optimal palliation relieves or abates symptoms, while causing minimal morbidity and improving the patient's quality of life. Prolonged survival is generally not a goal of palliative treatment, but palliation may relieve debilitating and potentially life-threatening problems, such as gastrointestinal bleeding or gastric outlet obstruction, which may diminish survival [Barry-Feig, et al. 2006].

Palliative Surgery:

Surgical palliation of advanced gastric cancer may include resection or bypass alone or in combination with other interventions. Complete staging is required for determination of the best palliative approach.

Palliation by endoscopic means may be appropriate for patients with peritoneal disease, hepatic metastases, extensive nodal metastases, or ascites and for patients with problems that include bleeding or proximal or distal gastric obstruction. Both morbidity and mortality are relatively high in these patients with a short life expectancy. Laser recanalization or simple dilatation with or without stent placement can be used to treat obstruction. Repeat endoscopy may be required at periodic intervals. Patients who undergo stent placement for gastric outlet obstruction are frequently able to eat solid or semisolid food and may not require any further intervention before death.

The selection of patients for palliative resection is complex. In patients with an excellent performance status, experienced surgeons can perform palliative distal gastrectomy with minimal morbidity and acceptable mortality rates. Palliative total gastrectomy and esophago-gastrectomy, however, should be approached with greater caution because the morbidity from these procedures is higher. Surgery achieves good palliation less than 50% of the time. In 2004, Minor retrospectively reviewed patients who underwent R1 or R2 resections and divided them into palliative (R1/R2) resections and non-palliative resections (R1/R2). They reported a perioperative mortality rate of 7% associated with palliative resections versus 4% associated with non-palliative resections; the median survival was 8.3 and 13.5 months, respectively (P <0.001).

Specific indications for palliative resection, surgical bypass (open or laparoscopic), and endoscopic palliation remain undefined. However, assessment of morbidity, mortality, and quality of life has revealed that carefully selected patients (particularly those without macroscopic metastatic disease) may benefit from palliative resection. Advanced endoscopic techniques, including laser or argon-beam tumor ablation and endoscopic placement of coated metallic stents, provide better palliation of dysphagia than surgical bypass with lower morbidity. Multimodality therapy consisting of radiotherapy, surgery, and endoscopy is likely to lead to improvements in quality of life and lower morbidity with palliative therapy. However, earlier diagnosis and advances in curative therapy are ultimately the only way in which the high incidence and morbidity associated with advanced disease in patients with gastric adenocarcinoma will be definitively reduced [Barry-Feig, et al. 2006].
Palliative Chemotherapy:

Given the minimal survival benefit from combination chemotherapy in patients with advanced gastric cancer, investigators have debated its role versus that of best supportive care. As a result, four randomized trials have been conducted to assess the impact of combination chemotherapy on survival and quality of life. The combination regimens included FAMTX (5-FU, doxorubicin, and high-dose methotrexate), FEMTX (5-FU, epirubicin, and high-dose methotrexate), and ELF (etoposide, leucovorin, and 5-FU). Patients who received combination chemotherapy had both better survival (3-9 months) and quality of life than did patients given best supportive care. Despite this, the outcome from advanced gastric cancer remains poor [Barry-Feig, et al. 2006].

Palliative Radiation Therapy:

There are several isolated case reports describing the benefit of radiation therapy for the palliative treatment of advanced gastric carcinoma. However, no large prospective trial has demonstrated a long-term benefit from radiation therapy alone in patients with advanced disease. This modality is most likely best used in combination with chemotherapy [Barry-Feig, et al. 2006].
Hyperthermic Intraperitoneal chemotherapy Perfusion (HIPEC):

Hyperthermic Intraperitoneal chemotherapy Perfusion has been examined in several trials as a treatment for advanced gastric cancer. For example, in 1988, Koga et al. reviewed their experience with a combination of hyperthermia and mitomycin C as adjuvant treatment for patients with peritoneal recurrence of gastric cancer. These researchers reported that this procedure was technically feasible and safe. In 1990, Fujimoto et al. evaluated 59 patients with advanced gastric cancer who underwent gastrectomy and were then randomly assigned to receive either no further therapy or intraperitoneal hyperthermic perfusion. The patients treated with perfusion survived longer than did the controls (1-year survival rate of 80% vs. 34%). A significant survival benefit was also seen in patients with peritoneal seeding who underwent perfusion with hyperthermic mitomycin C.

Similarly, in 1996, Yonemura et al. reported that adjuvant hyperthermic intraperitoneal chemotherapy with mitomycin C, etoposide, and cisplatin after gastric resection in patients with peritoneal seeding resulted in complete response in 8 (19%) of 43 patients and partial responses in 9 (21%) of 43 patients. A randomized trial conducted by Yu in patients who were treated at the time of complete resection of tumors that penetrated the gastric serosa but had no evidence of peritoneal metastases showed that hyperthermic intraperitoneal chemotherapy with mitomycin C led to a reduced incidence of peritoneal recurrence and a small survival advantage at 3 years. In 2005, Yonemura et al. prospectively reviewed 107 patients with peritoneal dissemination from gastric adenocarcinomas. Over a 10-year period, 65 patients underwent cytoreductive surgery in combination with intraperitoneal hyperthermic perfusion before 1995, and 42 patients underwent cytoreductive surgery in combination with intraperitoneal hyperthermic perfusion with peritonectomy after 1995. The perfusion regimen included mitomycin C, cisplatin, and etoposide. Complete cytoreductive surgery was achieved in 43% of 107 patients. There was a 21% postoperative complication rate, and there were three postoperative deaths (all in the peritonectomy group), accounting for 7% of the patients in this group. At a median follow-up of 46 months, the 5-year survival rates in those who had complete and incomplete cytoreductive surgery were 13% and 2%, respectively (P <0.001), with a median survival of 19 and 7.8 months, respectively. Furthermore, the 5-year survival rate for patients who underwent cytoreductive surgery by peritonectomy was 27% (P <0.001).

Multivariate analysis showed that complete cytoreductive surgery (P = 0.010) and peritonectomy (P = 0.012) were associated with a more favorable outcome. However, peritonectomy was also associated with higher postoperative morbidity (43%) and mortality (7%) rates. Other centers, however, have not found such encouraging results. This technique is currently under investigation in a few centers around the world.

In summary, there is no standard treatment for patients with peritoneal carcinomatosis stemming from gastric adenocarcinoma other than systemic chemotherapy in selected cases. Prospective randomized studies are required to clarify the role of intraperitoneal therapy in this setting [Barry-Feig, et al. 2006].

Immunotherapy and Hormonal Therapy:

Numerous investigators have examined the use of immunologic agents alone and in combination with chemotherapy as adjuvant treatment in patients with advanced gastric adenocarcinoma, but the findings have been conflicting. In 1994, Maehara et al. reported that the rates of peritoneal recurrence were significantly lower and survival times significantly longer in patients randomly assigned to receive standard chemotherapy plus intraperitoneal injections of the streptococcal preparation OK-432 than in patients who received chemotherapy alone.
Similarly, data from Japan and Korea suggested that immunochemotherapy consisting of Microbacterium-derived polysaccharides provides a survival benefit in patients following potentially curative resection. However, more recent trials have not demonstrated any difference in survival. For example, in 2004, Sato et al. conducted a prospective randomized trial in patients with gastric adenocarcinoma who underwent either R0 resection followed by adjuvant OK-432 and 5% deoxy-5 fluorouridine treatment (n = 144) or R0 resection only (n = 143). The 5-year survival rate in both groups was virtually the same: 63.8% and 62.9%, respectively (P = 0.7996). 

The outcome from adjuvant hormonal therapy with tamoxifen in patients with advanced gastric cancer has also been disappointing. Nevertheless, studies of immunotherapy and hormonal therapy are ongoing. The role of immunomodulators in gastric cancer remains to be defined [Barry-Feig, et al. 2006].

Surveillance:

We typically see patients every 3 months for the first 2 years following curative resection of gastric adenocarcinoma. At each follow-up, a careful history and physical examination are performed, along with laboratory studies (complete blood cell count and liver function tests). Chest radiographs are obtained every 6 months, and abdominal and pelvic CT is performed 6 months after surgery and then yearly thereafter. Endoscopy should be considered at the end of the first year in patients who have undergone subtotal gastrectomy and can then be done yearly for 4 to 5 years. Patients who receive protocol-based therapy often have more frequent staging studies, but this has never been proven to impact patient survival. Perhaps the most important reasons to follow patients closely are to enable any postgastrectomy sequelae to be dealt with and to acquire accurate recurrence and survival data on patients in clinical trials [Barry-Feig, et al. 2006].
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