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Abstract
Gastrointestinal stromal tumors (GISTs) are rare tumors of the GI tract. Surgical resection remains the mainstay of non-metastatic disease. However, the ability to provide an adequate oncologic resection using laparoscopic surgery is still an area of debate. This is a thorough review of the current literature, looking particularly at the use of laparoscopic surgery for larger GISTs and the long-term oncologic outcomes compared to the results of open surgery. Laparoscopic resections provide an adequate oncologic result for GISTs of all sizes, including those greater than 5 cm in size. 
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Core tip: Laparoscopy is now increasingly being used in cases of gastrointestinal stromal tumors (GISTs). While technically possible to resect these tumors laparoscopically, there has been concern that the oncologic outcomes for these patients could be compromised for tumors greater than 5 cm in size. This review, summarizing the data from several studies, demonstrates that a proper oncologic resection can be achieved laparoscopically, even for larger GISTs.

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are rare tu​mors of the gastrointestinal (GI) tract but are the most common type of mesenchymal tumor found in the GI tract. They account for between 0.1% to 3% of gastrointestinal malignancies with an incidence of 14 to 20 cases per 1 million of the general population per year[1-4]. Treatment has not been standardized; however, surgical resection remains the mainstay for non-meta​static GISTs. Furthermore, the use of minimally invasive techniques has been widely debated. Because of the low incidence of GISTs, published reports have been primarily limited to case reports and retrospective observational studies with no good randomized con​trolled trials encountered in the literature. This review examines the efficacy of laparoscopic surgery to achieve a proper oncologic resection for GISTs as compared to open while looking at different factors such as the biology, location and size of these tumors.

BIOLOGY OF GIST

The term GIST was originally coined by Mazur and Clark[5] in 1983 and became more frequently diag​nosed around the turn of the century. GISTs were historically classiﬁed as leiomyomas, leiomyosarcomas, or leiomyoblastomas but with advancements in im​munochemistry and the discovery of the tyrosine kinase KIT, GIST tumors have been identified as a separate entity from leiomyomas and its diagnosis has increased 25-fold[1].

GISTs are equally distributed between men and women. While they have been found in patients of all ages, the majority are found in patients between the ages of 40 and 70 with the median age of diagnosis between 60 and 65 years of age[6-8]. GISTs can be found throughout the GI tract with the most common location in the stomach (60%-70%), followed by the small intestine (20%-30%), duodenum (4%-5%), rectum (4%-5%), colon (< 2%), esophagus (< 1%)[3,7,9-11]. They are found and even more rarely outside the GI tract, including the mesentery, omentum, and retro​peritoneum.

Originating from the interstitial cell of Cajal, the majority (70%-85%) of GISTs are associated with mutations in the c-KIT pathway and stain positively for CD117. The second most common mutation seen (approximately 10%) is with PDGFRA and the two gene mutations are mutually exclusive. Through these mutations, abnormally oncologic signaling is promoted through the mitogen-activated protein kinase (MAPK) and phosphoinositide-3-kinase (PI3K) pathways[11]. In general, these tumors do not spread via submucosal invasion or lymphatics. Rather, their spread is mostly expansive and the main routes of metastasis are hematogenous. Chromosomal abnormalities in GISTs that have been associated with malignant progression include deletions on 14q, 22q, 1p, and 9p and gains on chromosomes 8q and 17q[11]. Tumors associated with these alterations are likely to be metastatic in nature and less amenable to resection, either open or laparoscopic at time of surgery. 

DIAGNOSIS OF GISTS

The presentation of a patient with a GIST can be quite variable, based on its location and size. The most common presentation is a GI bleed followed by abdominal pain. These GI bleeds are more often chronic than acute. Other rarer symptoms and signs include anemia, a palpable mass, dysphagia, obstruction, or weight loss[12]. However, a significant number are discovered incidentally on imaging per​formed for other reasons. 

In a review of diagnostic modalities, Scarpa et al[12] proposed endoscopy as the first diagnostic tool in the algorithm to diagnose a GIST. On pooled analysis, endo​scopy with mucosal biopsy, however, had a diag​nostic yield of 33.8%. This is not surprising, given the submucosal nature of GISTs. The diagnostic yields of computed tomography (CT) and magnetic resonance imaging (MRI) were both much higher, at 73.6% and 91.7% respectively (P = 0.07). Between the two, CT is usually the first non-invasive imaging modality used due to its cost, ubiquity, and consistency. On CT, a GIST usually enhances with intravenous contrast and has smooth contours. While most GISTs appear solid, larger GISTs can develop areas of necrosis or hemorrhage and appear more complex. CT can also evaluate the abdomen for metastatic disease. MRI can be used as an adjunct if the mass is large and abutting other structures, as it may better demonstrate planes of dissection. 

While CT and MRI have excellent diagnostic yields, the most definitive diagnosis can be obtained using an endoscopic ultrasound with fine needle aspiration (EUS-FNA). The diagnostic yield of simple EUS was 68.7%, which was significantly improved with the addition of an FNA during the procedure (84.0%) (P = 0.01)[12]. If there is a high suspicion for GIST based on CT or MRI, and the lesion appears resectable, a tissue diagnosis is not required. However, a biopsy can be used to confirm the diagnosis if there appears to be metastatic disease or in large, locally advanced lesions that may benefit from preoperative treatment with imatinib. 

LAPAROSCOPIC RESECTION OF GISTS

Historical perspective

The multidisciplinary management of GIST has changed over time. With further research into the molecular biology of these tumors, there has been development of better treatments for advanced GISTs, including imatinib and newer therapeutic agents such as sunitinib and regorafenib[1,13-15]. Despite these advancements, the accepted management of non-metastatic GIST remains surgical resection. 

The advent of minimally invasive surgery has af​fected how many procedures are being performed. With the generalized advantages of decreased pain, shorter hospital stay and faster recovery to normal activity, laparoscopic surgery is fast becoming the standard of care for many procedures. One area of contention with minimally invasive surgery is its use in oncologic procedures. There has been extensive research in colon cancer that has shown that a laparo​scopic approach can be safe and produce a safe oncologic margin. Similarly, lung cancers are routinely resected thoracoscopically. In other cases, such as low rectal cancer requiring abdominoperineal resection, the debate still continues whether a laparoscopic approach is as efficacious and provides as good an oncologic result as an open procedure. Because GISTs are a relatively newly identified entity and a rare neoplasm, there has been little consensus on the role of minimally invasive techniques in their resection. 

Unresectable and metastatic GISTs are usually very aggressive and often fatal with a median survival of approximately 6-18 mo[16]. In 2002, Fletcher et al[17] proposed a risk stratification classification for recurrence based on tumor size, mitotic rate, and tu​mor location. This was updated in 2006 by Miettinen et al[18] and accepted by the National Comprehensive Cancer Network (NCCN) Task Force report in 2010[19]. Because chemotherapy and radiotherapy are ineffective in treating GISTs, imatinib is the only approved agent for unresectable/metastatic GIST at this time. With the poor prognosis of metastatic and recurrent GISTs, it is vital that a good oncologic procedure be completed at the time of resection. 

The surgical management of GIST has changed significantly since Lukaszczyk and Preletz[20] reported the first laparoscopic removal of a gastric GIST found incidentally during a cholecystectomy. Since then, others have explored the use of laparoscopy for GIST removal. Although there is still no consensus on the role of minimally invasive techniques in their resection, the biological behavior of these tumors lend themselves to laparoscopic resection. Because submucosal and lymphatic invasion is rare, local excision rather than formal organ resection has become the treatment of choice for GISTs which allows laparoscopic resection to be an attractive alternative to more invasive conventional surgery. Historically, wide resection mar​gins were advocated but there has been no correlation with improved survival or recurrence[21]. Therefore, wide margins and lymph node dissections are not necessary. The consensus is that a negative gross surgical margin is the important factor in decreasing the risk of local recurrence and metastatic spread of GISTs. 

However, in 2004 the National Comprehensive Cancer Network and The European Society of Medical Oncology released consensus statements recom​mending that the use of laparoscopy be limited for GISTs less than 2 cm in size due to concerns of tumor rupture and seeding of the peritoneum and the ability to achieve an adequate oncologic margin[19,22]. Despite these concerns, surgeons continued to resect GISTs laparoscopically with excellent results which resulted in the NCCN updating their recommendations in their Task Force Report of 2010 to include GISTs up to 5 cm as acceptable for laparoscopic resection[9]. The surgical management of GIST resection is based on the principles of maintaining an intact capsule to prevent tumor spillage and obtaining a negative margin to ensure complete excision of localized disease[23]. 

LOCATION OF GISTs

GISTs are most frequently located in the stomach followed by the small bowel. The most frequently cited comparison studies between laparoscopic and open GIST resections were for gastric tumors. These papers identified several laparoscopic techniques for resection for these gastric tumors. They ranged from laparoscopic wedge resections, trans-gastric tumor-everting resection, and distal and proximal gastrectomies depending on the size and location of the tumors with appropriate reconstruction. Depending on the size and location of the tumor, endoscopy may be required to identify the location of the tumor intraoperatively. This is particularly true for smaller GISTs which may not be able to be easily identified grossly from outside the gastric lumen. Shu et al[24] showed that in their comparison study, operative time and complication rates between open and laparoscopic procedures were comparable while overall time to bowel function and hospital stay were significantly longer in the open group. These findings were confirmed in a more recent meta-analysis which included 17 studies and over 700 patients looking specifically at laparoscopic vs open techniques for gastric GIST resections. The study showed that complication rates and operative times were no different, but times to first flatus, oral intake and hospital stay were all significantly different in favor of the laparoscopic group. From an oncologic perspective, the recurrence rates between the laparoscopic group and the open group were not significantly different[25]. Koh et al[26] found similar results in their meta-analysis with shorter times to flatus and oral intake and shorter hospital stays for the laparoscopic resections while finding no differences in margin positivity, local recurrence rates, recurrence free survival and overall survival when comparing laparoscopic to open resections. 

GISTs located in the small bowel are less frequently identified and similarly are less frequently cited in the literature. Due to the location though, there are several techniques that can be used to resect and reconstruct the small bowel. These can range from any combination of resecting and re-anastomosing the small bowel intracorporeally or extracorporeally as well as with any combination of stapler and suture[27]. In addition, the re-anastomosis can be performed in either a side-to-side or isoperistaltic fashion. There are many factors involved with these surgical decisions including the size of the tumor, the location of the tumor within the small bowel, body habitus of the patient, as well as technical proficiency with intracorporeal techniques. Several studies have shown that presentation of small bowel GISTs are more likely to be gastrointestinal bleeding as compared to gastric GISTs. Although endoscopy is often unable to be performed for these small bowel tumors, it is usually unnecessary as these tumors grow outwards from the intestinal lumen and rarely cause obstruction. In one of the few studies comparing laparoscopic compared to open resection of GISTs in the small bowel, the results were similar to those seen with gastric GISTs. Operative time and complication rates were similar, yet time to bowel function and hospital stay were significantly different with shorter times in favor of the laparoscopic group[28]. Another study comparing laparoscopic vs open resection for small bowel GISTs up to 10 cm in size indicated that operative times and length of stay were shorter for the laparoscopic group while complications rates were similar. Additionally, there was no difference found in overall survival and recurrence-free survival between the two groups, concluding that laparoscopic resection was safe for these small bowel GISTs[29]. 

While the use of laparoscopy for resection for GISTs in the rectum has been limited, Fujimoto et al[30] published a series of five patient who underwent laparoscopic sphincter-preserving surgery for rectal GISTs after having received neoadjuvant imatinib. All had significant decreased in tumor size with imatinib and all were resected with negative margins. All five were recurrence free at a mean follow-up time of 36 mo, demonstrating that these cases can be performed safely laparoscopically.

SIZE OF GISTs

One of the primary benefits of laparoscopy is in using small incisions and thereby foregoing the pain and morbidity associated with a large laparotomy incision. Unfortunately, the size of the tumor dictates the length of the incision of the extraction site and as can be imagined, the larger the tumor is, the less the incision is able to be minimized. In addition, the larger the tumor, the more unwieldy it becomes to manipulate with the laparoscopic instruments and the danger of tumor capsule rupture increases. Because of these concerns, currently the NCCN guidelines advocate for the use of laparoscopy for GISTs less than 5 cm in size. 

In one of the first major series of laparoscopic GIST resections, Nguyen et al[27] showed that laparoscopic resection for larger GISTs were possible. The series consisted of 43 patients with the average size of the resected gastric GIST was 4.6 cm and resected small bowel GIST was 3.7 cm. Since then, there have been several other studies that looked at tumors greater than 5 cm that were laparoscopically resected with good results including a 20 cm GIST by Sokolich[29,31-37]. Additionally, Kim et al[38] reviewed 24 patients that underwent laparoscopic gastric resections for GISTs ranging from 5-10 cm in size. They had no incidence of capsular rupture and had similar operative and complication rates as compared to open surgery. 

ROLE OF NEOADJUVANT THERAPY

The American College of Surgical Oncology group in 2009[13] showed that adjuvant imatinib after resection significantly improved recurrence free survival compared to placebo leading to the FDA approving imatinib for adjuvant therapy. Others studies have confirmed the effectiveness of imatinib for adjuvant therapy in certain populations[39,40]. The use of imatinib for neoadjuvant therapy was recommended by the NCCN[41] for patients in whom cytoreduction would be beneficial including marginally resectable tumors and tumors that would lead to significant surgical morbidity. 

Studies have since shown the effectiveness of neoadjuvant therapy with imatinib, resulting in dramatic reduction in tumor size and rendering locally advanced or previously unresectable tumors to be resected with decreased morbidity for the patients[42,43]. The use of minimally invasive techniques after neoadjuvant therapy has not been well studied. While these trials were based on open resections, there have been case reports and case series where laparoscopic resections were successful. Cavaliere et al[44] reported a patient with an approximately 10 cm × 15 cm perigastric GIST that underwent 12 mo of neoadjuvant imatinib. The treatment resulted in a greater than 50% reduction in diameter, allowing laparoscopic resection with negative margins and disease free survival at 12 mo. Pandey et al[45] reported a 5.5 cm × 4.5 cm gastric GIST the decreased in size to a 3.3 cm × 3 cm and was then resected laparoscopically with no evidence of recurrence at 18 mo. Similarly, Cao et al[46] reported a patient with a 10 cm × 15 cm gastric GIST with three liver metastases that underwent six months of neoadjuvant imatinib with a greater than 50% reduction in the tumor burden. He then had a successful laparoscopic resection of both the gastric GIST and the liver metastases with 11 mo of disease free survival. Fujimoto et al[30] reports a five-patient case series of patients with rectal GIST that underwent 4-12 mo of neoadjuvant imatinib prior to successful laparoscopic sphincter-preserving surgery. All tumors were initially thought to require an abdominoperineal resection or other extended surgery which would result in a permanent stoma. At a median follow-up of 36 mo, all diverting ostomies had been reversed with maintenance of bowel continence and no evidence of recurrence. While there is not a lot of data yet, it appears that there is a role for laparoscopic surgery after neoadjuvant imatinib therapy.

REVIEW OF LITERATURE

We reviewed 32 independent case series which were all observational studies reviewing outcomes of laparoscopic GIST resections with or without a com​parison group that had undergone open resection. This compilation amounted to 1873 cases, 1062 of which were laparoscopic. The analyzed data is compiled in Table 1. 

Regarding size of the GISTs resected, the range of the mean/median for the laparoscopic (LAP) cases was 2.7-6.1 cm while the resections by conventional open surgery (OPEN) was 3.15-9.2 cm. These ranges did not include an observational series of 4 laparoscopic cases where the mean size was 10 cm (including a 20 cm GIST) and one laparoscopic series of 37 where only masses between 2-5 cm were resected and the mean/median size was not reported. 

The conversion rate from a laparoscopic to an open procedure was 6.03% (64 cases) and the complication rate was 6.78% in the LAP group and 18.74% in the OPEN group. The margins were positive on the pathology in 0.66% of the LAP cases and 5.92% of the OPEN cases. The range of mean/median follow-up periods was 8-74 mo for the LAP group and 18-91 mo for the OPEN group with a 3.24% recurrence rate in the LAP group compared to 7.16% in the OPEN group. Overall, the GIST-related mortality was approximately 0.85% for the LAP group and 3.33% for the OPEN group.

Subgroup analysis was done on those studies that started in 2000 or later. The rationale for this was to see if there was a trend towards better laparoscopic results due to the further experience and knowledge of working with GISTs since the original laparoscopic resection in 1992. A total of 941 cases (478 LAP, 463 OPEN) were included in this subgroup. The conversion rate was similar (6.07%) as were the complication rates for the LAP (6.9%) and OPEN (21.6%) groups. The rate of positive margins was slightly lower for the LAP group (0.42%) compared to the entire LAP cohort (0.66%). Similar trend was seen in the recurrence rate (2.74%) and GIST-related mortality (0.42%) for LAP group.

A subgroup analysis was performed looking at those studies that had a mean/median follow-up of 24 mo or greater. A total of 1509 cases (818 LAP, 691 OPEN) were included in this subgroup. The conversion rate was similar (6.11%) as were the complication rates for the LAP (6.85%) and OPEN (20.84%) groups. The rate of positive margins was approximately the same in the LAP group (0.61%) compared to the entire LAP cohort (0.66%). The recurrence rate was similar (3.52%) when compared to the entire LAP cohort (3.23%) and the GIST-related mortality was the same (0.86% vs 0.85%). 

In addition, many studies have shown the benefits of laparoscopic resection over open resection with benefits including decreased operative blood loss, decreased postoperative pain, shorter length of hospital stay, and better quality of life after operation[35,47,48]. This data shows that the complication rate is significantly lower in the LAP group (6.78%) compared to the OPEN group (18.74%). Therefore, from a recovery standpoint, laparoscopic surgery appears to be superior to open surgery. 

The data demonstrated that the ability to obtain negative margins (0.66% positive margin) is not compromised with the use of laparoscopic surgery. Furthermore, the recurrence rate (3.24%) is superior compared to open cases (5.92%). However, this finding may be biased by the selection process for choosing between open and laparoscopic resection. None of the studies are randomized control trials, so the surgeons decided which tumors to resect laparoscopically. In all the series, the mean/median size of those that had undergone laparoscopic resection was smaller than those that had undergone open procedures. In many studies the size difference was not found to be significantly different, but the trend is certainly noticeable. In most studies, there was a trend towards the OPEN group having a higher risk stratification than the LAP group. This could also account for the difference in GIST-related mortality (0.85% LAP vs 3.33% OPEN). However, Karakousis et al[47] and Lee et al[49] reported size-matched comparisons of patients with gastric GIST and demonstrated that there was no difference in the efficacy of the oncologic resection (margin, recurrence, overall and recurrence-free survival) while showing that these patients had decreased operative blood loss, faster return of bowel function, and shorter hospital stay. Furthermore, there were no reports of spillage of tumor during the laparoscopic resections.

Most recurrences occur within the first two years after resection and the risk stratification should deter​mine the course of follow-up[50]. DeMatteo et al[21] reported a recurrence rate of approximately 30% in their series of 200 patients followed out to a median of 24 mo. Lee et al[49] reported a similar size-matched series comparing laparoscopic and open resections of submucosal tumors and found that the resections were oncologically equivalent. Some of the studies reviewed did not have sufficient follow-up beyond this 24 mo period during which most recurrences were seen. For this reason, a subgroup analysis was done of the studies that had a mean/median follow-up of at least 24 mo. This analysis showed that the recurrence rate (3.52%) was similar to the overall recurrence rate (3.24%) for laparoscopic resections and lower than the recurrence rate of open cases (7.16%) and the general recurrence rate reported in the literature overall. 

A further subgroup analysis looked only at those studies whose enrollment was from 2000 onward in order to see if there was an improvement in conversion rate, obtaining a negative margin, and recurrence rate, given more experience with dealing with GISTs. We found that the conversion rate was the same (6.07% vs 6.03% overall) while obtaining a negative margin was slightly better (0.42% vs 0.66% overall). Also, there was a decrease in the recurrence rate for both laparoscopic (2.74% vs 3.24% overall) and open (4.80% vs 7.16% overall) resections. The GIST-related mortality rate was lower for both laparoscopic (0.42% vs 0.85% overall) and open (0.86% vs 3.33% overall) resections. These differences could be due to improvements in surgical technique and experience, but are more likely credited to advancements in non-surgical therapy (imatinib) and slightly shorter follow-up periods. 


CONCLUSION

More comparison studies need to be performed but based on retrospective data, there appears to be no difference in terms of complications between open and laparoscopic resection of GISTs in either the stomach or small bowel. Our review strongly suggests that laparoscopic resection for GISTs provides a good oncologic result with rates equal or better than would be expected for open procedures when evaluating negative margins, recurrences, and GIST-related de​aths. Also, the data suggests that laparoscopic re​section is associated with lower rate of complications and short hospital stay. Ultimately, to conclusively show that laparoscopy is superior, randomized control trials are needed. However, due to the low incidence of this pathology, obtaining the proper number of participants would be difficult. Despite the current NCCN recommendations of open resection for GISTS > 5 cm, many published series have shown laparoscopic surgery is feasible and can be efficacious in larger GISTs as long as the principles of oncologic resection are followed. The limiting factor is being able to manipulate large tumors without violating the capsule and being able to remove the tumor of significant size through a laparoscopic incision. Furthermore, the role of neoadjuvant imatinib for cytoreduction prior to laparoscopic resection appears to be promising but requires further investigation. Ultimately, the decision to resect using a laparoscopic or open technique is currently based on the surgeon preference and experience. However, the data shows that laparoscopic resection of almost all GISTs does provide an oncologic result similar to conventional open resection. 

REFERENCES

1
Eisenberg BL, Trent JC. Adjuvant and neoadjuvant imatinib therapy: current role in the management of gastrointestinal stromal tumors. Int J Cancer 2011; 129: 2533-2542 [PMID: 21671474 DOI: 10.1002/ijc.26234]

2
Miettinen M, Lasota J. Histopathology of gastrointestinal stromal tumor. J Surg Oncol 2011; 104: 865-873 [PMID: 22069171 DOI: 10.1002/jso.21945]

3
Miettinen M, Lasota J. Gastrointestinal stromal tumors--definition, clinical, histological, immunohistochemical, and molecular genetic features and differential diagnosis. Virchows Arch 2001; 438: 1-12 [PMID: 11213830]

4
Chen YH, Liu KH, Yeh CN, Hsu JT, Liu YY, Tsai CY, Chiu CT, Jan YY, Yeh TS. Laparoscopic resection of gastrointestinal stromal tumors: safe, efficient, and comparable oncologic outcomes. J Laparoendosc Adv Surg Tech A 2012; 22: 758-763 [PMID: 22957924 DOI: 10.1089/lap.2012.0115]

5
Mazur MT, Clark HB. Gastric stromal tumors. Reappraisal of histogenesis. Am J Surg Pathol 1983; 7: 507-519 [PMID: 6625048]

6
Tran T, Davila JA, El-Serag HB. The epidemiology of malignant gastrointestinal stromal tumors: an analysis of 1,458 cases from 1992 to 2000. Am J Gastroenterol 2005; 100: 162-168 [PMID: 15654796 DOI: 10.1111/j.1572-0241.2005.40709.x]

7
Machado-Aranda D, Malamet M, Chang YJ, Jacobs MJ, Ferguson L, Silapaswan S, Goriel Y, Kolachalam R, Mittal VK. Prevalence and management of gastrointestinal stromal tumors. Am Surg 2009; 75: 55-60 [PMID: 19213398]

8
Perez EA, Livingstone AS, Franceschi D, Rocha-Lima C, Lee DJ, Hodgson N, Jorda M, Koniaris LG. Current incidence and outcomes of gastrointestinal mesenchymal tumors including gastrointestinal stromal tumors. J Am Coll Surg 2006; 202: 623-629 [PMID: 16571433 DOI: 10.1016/j.jamcollsurg.2006.01.002]

9
Demetri GD, von Mehren M, Antonescu CR, DeMatteo RP, Ganjoo KN, Maki RG, Pisters PW, Raut CP, Riedel RF, Schuetze S, Sundar HM, Trent JC, Wayne JD. NCCN Task Force report: update on the management of patients with gastrointestinal stromal tumors. J Natl Compr Canc Netw 2010; 8 Suppl 2: S1-S41; quiz S42-S44 [PMID: 20457867]

10
Dematteo RP, Gold JS, Saran L, Gönen M, Liau KH, Maki RG, Singer S, Besmer P, Brennan MF, Antonescu CR. Tumor mitotic rate, size, and location independently predict recurrence after resection of primary gastrointestinal stromal tumor (GIST). Cancer 2008; 112: 608-615 [PMID: 18076015 DOI: 10.1002/cncr.23199]

11
Joensuu H. Gastrointestinal stromal tumors: risk assessment and adjuvant therapy. Hematol Oncol Clin North Am 2013; 27: 889-904 [PMID: 24093166 DOI: 10.1016/j.hoc.2013.07.004]

12
Scarpa M, Bertin M, Ruffolo C, Polese L, D’Amico DF, Angriman I. A systematic review on the clinical diagnosis of gastrointestinal stromal tumors. J Surg Oncol 2008; 98: 384-392 [PMID: 18668671 DOI: 10.1002/jso.21120]

13
Dematteo RP, Ballman KV, Antonescu CR, Maki RG, Pisters PW, Demetri GD, Blackstein ME, Blanke CD, von Mehren M, Brennan MF, Patel S, McCarter MD, Polikoff JA, Tan BR, Owzar K; American College of Surgeons Oncology Group (ACOSOG) Intergroup Adjuvant GIST Study Team. Adjuvant imatinib mesylate after resection of localised, primary gastrointestinal stromal tumour: a randomised, double-blind, placebo-controlled trial. Lancet 2009; 373: 1097-1104 [PMID: 19303137 DOI: 10.1016/S0140-6736(09)60500-6]

14
Demetri GD, Reichardt P, Kang YK, Blay JY, Rutkowski P, Gelderblom H, Hohenberger P, Leahy M, von Mehren M, Joensuu H, Badalamenti G, Blackstein M, Le Cesne A, Schöffski P, Maki RG, Bauer S, Nguyen BB, Xu J, Nishida T, Chung J, Kappeler C, Kuss I, Laurent D, Casali PG; GRID study investigators. Efficacy and safety of regorafenib for advanced gastrointestinal stromal tumours after failure of imatinib and sunitinib (GRID): an international, multicentre, randomised, placebo-controlled, phase 3 trial. Lancet 2013; 381: 295-302 [PMID: 23177515 DOI: 10.1016/S0140-6736(12)61857-1]

15
Heinrich MC, Corless CL, Demetri GD, Blanke CD, von Mehren M, Joensuu H, McGreevey LS, Chen CJ, Van den Abbeele AD, Druker BJ, Kiese B, Eisenberg B, Roberts PJ, Singer S, Fletcher CD, Silberman S, Dimitrijevic S, Fletcher JA. Kinase mutations and imatinib response in patients with metastatic gastrointestinal stromal tumor. J Clin Oncol 2003; 21: 4342-4349 [PMID: 14645423 DOI: 10.1200/JCO.2003.04.190]

16
Blanke CD, Eisenberg BL, Heinrich MC. Gastrointestinal stromal tumors. Curr Treat Options Oncol 2001; 2: 485-491 [PMID: 12057094]

17
Fletcher CD, Berman JJ, Corless C, Gorstein F, Lasota J, Longley BJ, Miettinen M, O’Leary TJ, Remotti H, Rubin BP, Shmookler B, Sobin LH, Weiss SW. Diagnosis of gastrointestinal stromal tumors: A consensus approach. Hum Pathol 2002; 33: 459-465 [PMID: 12094370]

18
Miettinen M, Lasota J. Gastrointestinal stromal tumors: pathology and prognosis at different sites. Semin Diagn Pathol 2006; 23: 70-83 [PMID: 17193820]

19
Demetri GD, Benjamin R, Blanke CD, Choi H, Corless C, DeMatteo RP, Eisenberg BL, Fletcher CD, Maki RG, Rubin BP, Van den Abbeele AD, von Mehren M; NCCN GIST Task Force. NCCN Task Force report: optimal management of patients with gastrointestinal stromal tumor (GIST)--expansion and update of NCCN clinical practice guidelines. J Natl Compr Canc Netw 2004; 2 Suppl 1: S-1-26; quiz 27-30 [PMID: 23573667]

20
Lukaszczyk JJ, Preletz RJ Jr. Laparoscopic resection of benign stromal tumor of the stomach. J Laparoendosc Surg 1992; 2: 331-334 [PMID: 1489999]

21
DeMatteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM, Brennan MF. Two hundred gastrointestinal stromal tumors: recurrence patterns and prognostic factors for survival. Ann Surg 2000; 231: 51-58 [PMID: 10636102]

22
Blay JY, Bonvalot S, Casali P, Choi H, Debiec-Richter M, Dei Tos AP, Emile JF, Gronchi A, Hogendoorn PC, Joensuu H, Le Cesne A, McClure J, Maurel J, Nupponen N, Ray-Coquard I, Reichardt P, Sciot R, Stroobants S, van Glabbeke M, van Oosterom A, Demetri GD; GIST consensus meeting panelists. Consensus meeting for the management of gastrointestinal stromal tumors. Report of the GIST Consensus Conference of 20-21 March 2004, under the auspices of ESMO. Ann Oncol 2005; 16: 566-578 [PMID: 15781488 DOI: 10.1093/annonc/mdi127]

23
Vetto JT. Role of imatinib in the management of early, operable, and advanced GI stromal tumors (GISTs). Onco Targets Ther 2009; 2: 151-159 [PMID: 20616902]

24
Shu ZB, Sun LB, Li JP, Li YC, Ding DY. Laparoscopic versus open resection of gastric gastrointestinal stromal tumors. Chin J Cancer Res 2013; 25: 175-182 [PMID: 23592898 DOI: 10.3978/j.issn.1000-9604.2013.02.03]

25
Liang JW, Zheng ZC, Zhang JJ, Zhang T, Zhao Y, Yang W, Liu YQ. Laparoscopic versus open gastric resections for gastric gastrointestinal stromal tumors: a meta-analysis. Surg Laparosc Endosc Percutan Tech 2013; 23: 378-387 [PMID: 23917593 DOI: 10.1097/SLE. 0b013e31828e3e9d]

26
Koh YX, Chok AY, Zheng HL, Tan CS, Chow PK, Wong WK, Goh BK. A systematic review and meta-analysis comparing laparoscopic versus open gastric resections for gastrointestinal stromal tumors of the stomach. Ann Surg Oncol 2013; 20: 3549-3560 [PMID: 23793362 DOI: 10.1245/s10434-013-3051-1]

27
Nguyen SQ, Divino CM, Wang JL, Dikman SH. Laparoscopic management of gastrointestinal stromal tumors. Surg Endosc 2006; 20: 713-716 [PMID: 16502196 DOI: 10.1007/s00464-005-0435-8]

28
Wan P, Li C, Yan M, Yan C, Zhu ZG. Laparoscopy-assisted versus open surgery for gastrointestinal stromal tumors of jejunum and ileum: perioperative outcomes and long-term follow-up experience. Am Surg 2012; 78: 1399-1404 [PMID: 23265132]

29
Ihn K, Hyung WJ, Kim HI, An JY, Kim JW, Cheong JH, Yoon DS, Choi SH, Noh SH. Treatment Results of Small Intestinal Gastrointestinal Stromal Tumors Less than 10 cm in Diameter: A Comparison between Laparoscopy and Open Surgery. J Gastric Cancer 2012; 12: 243-248 [PMID: 23346497 DOI: 10.5230/jgc.2012.12.4.243]

30
Fujimoto Y, Akiyoshi T, Konishi T, Nagayama S, Fukunaga Y, Ueno M. Laparoscopic sphincter-preserving surgery (intersphincteric resection) after neoadjuvant imatinib treatment for gastrointestinal stromal tumor (GIST) of the rectum. Int J Colorectal Dis 2014; 29: 111-116 [PMID: 24018650 DOI: 10.1007/s00384-013-1769-7]

31
Melstrom LG, Phillips JD, Bentrem DJ, Wayne JD. Laparoscopic versus open resection of gastric gastrointestinal stromal tumors. Am J Clin Oncol 2012; 35: 451-454 [PMID: 21552096 DOI: 10.1097/COC.0b013e31821954a7]

32
Catena F, Di Battista M, Fusaroli P, Ansaloni L, Di Scioscio V, Santini D, Pantaleo M, Biasco G, Caletti G, Pinna A. Laparoscopic treatment of gastric GIST: report of 21 cases and literature’s review. J Gastrointest Surg 2008; 12: 561-568 [PMID: 18040747 DOI: 10.1007/s11605-007-0416-4]

33
Basu S, Balaji S, Bennett DH, Davies N. Gastrointestinal stromal tumors (GIST) and laparoscopic resection. Surg Endosc 2007; 21: 1685-1689 [PMID: 17661137 DOI: 10.1007/s00464-007-9445-z]

34
Berindoague R, Targarona EM, Feliu X, Artigas V, Balagué C, Aldeano A, Lahoud A, Navines J, Fernandez-Sallent E, Trias M. Laparoscopic resection of clinically suspected gastric stromal tumors. Surg Innov 2006; 13: 231-237 [PMID: 17227921 DOI: 10.1177/1553350606295960]

35
Novitsky YW, Kercher KW, Sing RF, Heniford BT. Long-term outcomes of laparoscopic resection of gastric gastrointestinal stromal tumors. Ann Surg 2006; 243: 738-745; discussion 745-747 [PMID: 16772777 DOI: 10.1097/01.sla.0000219739.11758.27]

36
Tabrizian P, Nguyen SQ, Divino CM. Laparoscopic management and longterm outcomes of gastrointestinal stromal tumors. J Am Coll Surg 2009; 208: 80-86 [PMID: 19228508 DOI: 10.1016/j.jamcollsurg.2008.08.028]

37
Sokolich J, Galanopoulos C, Dunn E, Linder JD, Jeyarajah DR. Expanding the indications for laparoscopic gastric resection for gastrointestinal stromal tumors. JSLS 2009; 13: 165-169 [PMID: 19660210]

38
Kim KH, Kim MC, Jung GJ, Kim SJ, Jang JS, Kwon HC. Long term survival results for gastric GIST: is laparoscopic surgery for large gastric GIST feasible? World J Surg Oncol 2012; 10: 230 [PMID: 23114111 DOI: 10.1186/1477-7819-10-230]

39
Kang YK, Kang BW, Im SA, Lee JL, Park SR, Kang WK, Chang HM, Kim TW, Oh DY, Jung KH, Ryu MH. Two-year adjuvant imatinib mesylate after complete resection of localized, high-risk GIST with KIT exon 11 mutation. Cancer Chemother Pharmacol 2013; 71: 43-51 [PMID: 23053257 DOI: 10.1007/s00280-012-1970-3]

40
Joensuu H, Eriksson M, Sundby Hall K, Hartmann JT, Pink D, Schütte J, Ramadori G, Hohenberger P, Duyster J, Al-Batran SE, Schlemmer M, Bauer S, Wardelmann E, Sarlomo-Rikala M, Nilsson B, Sihto H, Monge OR, Bono P, Kallio R, Vehtari A, Leinonen M, Alvegård T, Reichardt P. One vs three years of adjuvant imatinib for operable gastrointestinal stromal tumor: a randomized trial. JAMA 2012; 307: 1265-1272 [PMID: 22453568 DOI: 10.1001/jama.2012.347]

41
Demetri GD, Benjamin RS, Blanke CD, Blay JY, Casali P, Choi H, Corless CL, Debiec-Rychter M, DeMatteo RP, Ettinger DS, Fisher GA, Fletcher CD, Gronchi A, Hohenberger P, Hughes M, Joensuu H, Judson I, Le Cesne A, Maki RG, Morse M, Pappo AS, Pisters PW, Raut CP, Reichardt P, Tyler DS, Van den Abbeele AD, von Mehren M, Wayne JD, Zalcberg J; NCCN Task Force. NCCN Task Force report: management of patients with gastrointestinal stromal tumor (GIST)--update of the NCCN clinical practice guidelines. J Natl Compr Canc Netw 2007; 5 Suppl 2: S1-S29; quiz S30 [PMID: 17624289]

42
McAuliffe JC, Hunt KK, Lazar AJ, Choi H, Qiao W, Thall P, Pollock RE, Benjamin RS, Trent JC. A randomized, phase II study of preoperative plus postoperative imatinib in GIST: evidence of rapid radiographic response and temporal induction of tumor cell apoptosis. Ann Surg Oncol 2009; 16: 910-919 [PMID: 18953611 DOI: 10.1245/s10434-008-0177-7]

43
Wang D, Zhang Q, Blanke CD, Demetri GD, Heinrich MC, Watson JC, Hoffman JP, Okuno S, Kane JM, von Mehren M, Eisenberg BL. Phase II trial of neoadjuvant/adjuvant imatinib mesylate for advanced primary and metastatic/recurrent operable gastrointestinal stromal tumors: long-term follow-up results of Radiation Therapy Oncology Group 0132. Ann Surg Oncol 2012; 19: 1074-1080 [PMID: 22203182 DOI: 10.1245/s10434-011-2190-5]

44
Cavaliere D, Vagliasindi A, Mura G, Framarini M, Giorgetti G, Solfrini G, Tauceri F, Padovani F, Milandri C, Dubini A, Ridolfi L, Ricci E, Verdecchia GM. Downstaging of a gastric GIST by neoadjuvant imatinib and endoscopic assisted laparoscopic resection. Eur J Surg Oncol 2007; 33: 1044-1046 [PMID: 17467951 DOI: 10.1016/j.ejso.2007.03.011]

45
Pandey R, Kochar R. Management of gastrointestinal stromal tumors: looking beyond the knife. An update on the role of adjuvant and neoadjuvant imatinib therapy. J Gastrointest Cancer 2012; 43: 547-552 [PMID: 22847491 DOI: 10.1007/s12029-012-9423-0]

46
Cao F, Li J, Li A, Fang Y, Li F. One-stage laparoscopic resection for a large gastric gastrointestinal stromal tumor and synchronous liver metastases following preoperative imatinib therapy: A case report. Oncol Lett 2013; 5: 1233-1236 [PMID: 23599769 DOI: 10.3892/ol.2013.1197]

47
Karakousis GC, Singer S, Zheng J, Gonen M, Coit D, DeMatteo RP, Strong VE. Laparoscopic versus open gastric resections for primary gastrointestinal stromal tumors (GISTs): a size-matched comparison. Ann Surg Oncol 2011; 18: 1599-1605 [PMID: 21207158 DOI: 10.1245/s10434-010-1517-y]

48
Matthews BD, Walsh RM, Kercher KW, Sing RF, Pratt BL, Answini GA, Heniford BT. Laparoscopic vs open resection of gastric stromal tumors. Surg Endosc 2002; 16: 803-807 [PMID: 11997826 DOI: 10.1007/s00464-001-8319-z]

49
Lee HH, Hur H, Jung H, Park CH, Jeon HM, Song KY. Laparoscopic wedge resection for gastric submucosal tumors: a size-location matched case-control study. J Am Coll Surg 2011; 212: 195-199 [PMID: 21147003 DOI: 10.1016/j.jamcollsurg.2010.10.008]

50
Nowain A, Bhakta H, Pais S, Kanel G, Verma S. Gastrointestinal stromal tumors: clinical profile, pathogenesis, treatment strategies and prognosis. J Gastroenterol Hepatol 2005; 20: 818-824 [PMID: 15946127 DOI: 10.1111/j.1440-1746.2005.03720.x]

51
Schwameis K, Fochtmann A, Schwameis M, Asari R, Schur S, Köstler W, Birner P, Ba-Ssalamah A, Zacherl J, Wrba F, Brodowicz T, Schoppmann SF. Surgical treatment of GIST--an institutional experience of a high-volume center. Int J Surg 2013; 11: 801-806 [PMID: 23999064 DOI: 10.1016/j.ijsu.2013.08.016]

52
Fisher SB, Kim SC, Kooby DA, Cardona K, Russell MC, Delman KA, Staley CA 3rd, Maithel SK. Gastrointestinal stromal tumors: a single institution experience of 176 surgical patients. Am Surg 2013; 79: 657-665 [PMID: 23815996]

53
Wan P, Yan C, Li C, Yan M, Zhu ZG. Choices of surgical approaches for gastrointestinal stromal tumors of the stomach: laparoscopic versus open resection. Dig Surg 2012; 29: 243-250 [PMID: 22846475 DOI: 10.1159/000341497]

54
De Vogelaere K, Hoorens A, Haentjens P, Delvaux G. Laparoscopic versus open resection of gastrointestinal stromal tumors of the stomach. Surg Endosc 2013; 27: 1546-1554 [PMID: 23233005 DOI: 10.1007/s00464-012-2622-8]

55
Pucci MJ, Berger AC, Lim PW, Chojnacki KA, Rosato EL, Palazzo F. Laparoscopic approaches to gastric gastrointestinal stromal tumors: an institutional review of 57 cases. Surg Endosc 2012; 26: 3509-3514 [PMID: 22684977 DOI: 10.1007/s00464-012-2374-5]

56
Daigle C, Meneghetti AT, Lam J, Panton ON. Laparoscopic management of gastrointestinal stromal tumours: review at a Canadian centre. Can J Surg 2012; 55: 105-109 [PMID: 22269221 DOI: 10.1503/cjs.031410]

57
Amin AT, Kono Y, Shiraishi N, Yasuda K, Inomata M, Kitano S. Long-term outcomes of laparoscopic wedge resection for gastrointestinal stromal tumors of the stomach of less than 5 cm in diameter. Surg Laparosc Endosc Percutan Tech 2011; 21: 260-263 [PMID: 21857475 DOI: 10.1097/SLE.0b013e318220f1c7]

58
Goh BK, Chow PK, Chok AY, Chan WH, Chung YF, Ong HS, Wong WK. Impact of the introduction of laparoscopic wedge resection as a surgical option for suspected small/medium-sized gastrointestinal stromal tumors of the stomach on perioperative and oncologic outcomes. World J Surg 2010; 34: 1847-1852 [PMID: 20407770 DOI: 10.1007/s00268-010-0590-5]

59
Sasaki A, Koeda K, Obuchi T, Nakajima J, Nishizuka S, Terashima M, Wakabayashi G. Tailored laparoscopic resection for suspected gastric gastrointestinal stromal tumors. Surgery 2010; 147: 516-520 [PMID: 20004449 DOI: 10.1016/j.surg.2009.10.035]

60
Silberhumer GR, Hufschmid M, Wrba F, Gyoeri G, Schoppmann S, Tribl B, Wenzl E, Prager G, Laengle F, Zacherl J. Surgery for gastrointestinal stromal tumors of the stomach. J Gastrointest Surg 2009; 13: 1213-1219 [PMID: 19357931 DOI: 10.1007/s11605- 009-0872-0]

61
Huguet KL, Rush RM Jr, Tessier DJ, Schlinkert RT, Hinder RA, Grinberg GG, Kendrick ML, Harold KL. Laparoscopic gastric gastrointestinal stromal tumor resection: the mayo clinic experience. Arch Surg 2008; 143: 587-590; discussion 591 [PMID: 18559753 DOI: 10.1001/archsurg.143.6.587]

62
Sexton JA, Pierce RA, Halpin VJ, Eagon JC, Hawkins WG, Linehan DC, Brunt LM, Frisella MM, Matthews BD. Laparoscopic gastric resection for gastrointestinal stromal tumors. Surg Endosc 2008; 22: 2583-2587 [PMID: 18322738 DOI: 10.1007/s00464-008-9807-1]

63
Nishimura J, Nakajima K, Omori T, Takahashi T, Nishitani A, Ito T, Nishida T. Surgical strategy for gastric gastrointestinal stromal tumors: laparoscopic vs. open resection. Surg Endosc 2007; 21: 875-878 [PMID: 17180273 DOI: 10.1007/s00464-006-9065-z]

64
Choi SM, Kim MC, Jung GJ, Kim HH, Kwon HC, Choi SR, Jang JS, Jeong JS. Laparoscopic wedge resection for gastric GIST: long-term follow-up results. Eur J Surg Oncol 2007; 33: 444-447 [PMID: 17174060 DOI: 10.1016/j.ejso.2006.11.003]

65
Ishikawa K, Inomata M, Etoh T, Shiromizu A, Shiraishi N, Arita T, Kitano S. Long-term outcome of laparoscopic wedge resection for gastric submucosal tumor compared with open wedge resection. Surg Laparosc Endosc Percutan Tech 2006; 16: 82-85 [PMID: 16773006]

66
Mochizuki Y, Kodera Y, Fujiwara M, Ito S, Yamamura Y, Sawaki A, Yamao K, Kato T. Laparoscopic wedge resection for gastrointestinal stromal tumors of the stomach: initial experience. Surg Today 2006; 36: 341-347 [PMID: 16554991 DOI: 10.1007/s00595-005-3164-7]

67
Hindmarsh A, Koo B, Lewis MP, Rhodes M. Laparoscopic resection of gastric gastrointestinal stromal tumors. Surg Endosc 2005; 19: 1109-1112 [PMID: 16021371 DOI: 10.1007/s00464-004-8168-7]

FOOTNOTES

Conflict-of-interest statement: All authors declare that no conflict of interest, financial or other, exists.
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/
Manuscript source: Invited manuscript

Peer-review started: February 8, 2017

First decision: April 18, 2017

Article in press: July 24, 2017

P- Reviewer: Man-i M, Tseng PH, Zhu YL    S- Editor: Ji FF    L- Editor: A    E- Editor: Lu YJ  

Table 1  Review of case series


�
All cases included


�
Study period 2000 onward


�
Follow-up 24+ mo


�
�
�
LAP


�
OPEN


�
LAP


�
OPEN


�
LAP


�
OPEN


�
�
Total


�
1062


�
811


�
478


�
463


�
818


�
691


�
�
Conversion to OPEN


�
  6.03% (64)


�
-


�
  6.07% (29)


�
-


�
  6.11% (50)


�
-


�
�
Complications


�
  6.78% (72)


�
18.74% (152)


�
  6.90% (33)


�
  21.60% (100)


�
  6.85% (56)


�
20.84% (144)


�
�
Mean/median size


�
2.7-6.1 cm1 


�
3.15-9.2 cm


�
2.7-5.5 cm1


�
3.15-9.2 cm


�
2.7-6.1 cm1


�
3.15-9.2 cm


�
�
Follow-up


�
8-74 mo


�
18-91 mo


�
8-41 mo


�
21-91 mo


�
24-74 mo


�
36-91 mo


�
�
Margin positive


�
0.66% (7)


�
5.92% (48)


�
0.42% (2)


�
  3.46% (16)


�
0.61% (6)


�
6.08% (42)


�
�
Recurrence


�
  3.24% (31)2


�
  7.16% (50)3


�
  2.74% (11)4


�
   4.80% (19)5


�
   3.52% (25)6


�
 7.61% (44)7


�
�
GIST-related mortality


�
0.85% (9)


�
3.33% (27)


�
0.42% (2)


�
0.86% (4)


�
0.86% (7)


�
3.91% (27)


�
�
1Not including series of 4 patients and series where all tumors 2-5 cm (means not included); 2Out of 958 cases; 3Out of 698 cases; 4Out of 401 cases; 5Out of 396 cases; 6Out of 710 cases; 7Out of 578 cases. Summary of the experience of 32 independent case series: All the studies were observational studies reviewing outcomes of laparoscopic gastrointestinal stromal tumor resections, with or without a comparison group that had undergone open resection. This compilation amounted to 1873 cases, 1062 of which were laparoscopic[4,24,26,28,29,31-38,47-49,51-67]. LAP: Laparoscopic; OPEN: Open surgery.
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