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Abstract

Gastrointestinal stromal tumors (GIST) are rare mes-
enchymal smooth muscle sarcomas that can arise
anywhere within the gastrointestinal tract. Sporadic
mutations within the tyrosine kinase receptors of the
interstitial cells of Cajal have been identified as the key
molecular step in GIST carcinogenesis. Although many
patients are asymptomatic, the most common associ-
ated symptoms include: abdominal pain, dyspepsia,
gastric outlet obstruction, and anorexia. Rarely, GIST
can perforate causing life-threatening hemoperitone-
um. Most are ultimately diagnosed on cross-sectional
imaging studies (i.e., computed tomography and/or
magnetic resonance imaging in combination with up-
per endoscopy. Endoscopic ultrasonographic localiza-
tion of these tumors within the smooth muscle layer
and acquisition of neoplastic spindle cells harboring
mutations in the ¢c-K77 gene is pathognomonic. Cura-
tive treatment requires a complete gross resection of
the tumor. Both open and minimally invasive opera-
tions have been shown to reduce recurrence rates and
improve long-term survival. While there is considerable
debate over whether GIST can be benign neoplasms,
we believe that all GIST have malignant potential, but
vary in their propensity to recur after resection and
metastasize to distant organ sites. Prognostic factors
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include location, size (i.e., > 5 cm), grade (> 5-10 mi-
toses per 50 high power fields and specific mutational
events that are still being defined. Adjuvant therapy
with tyrosine kinase inhibitors, such as imatinib mesyl-
ate, has been shown to reduce the risk of recurrence
after one year of therapy. Treatment of locally-ad-
vanced or borderline resectable gastric GIST with neo-
adjuvant imatinib has been shown to induce regression
in @ minority of patients and stabilization in the ma-
jority of cases. This treatment strategy potentially re-
duces the need for more extensive surgical resections
and increases the number of patients eligible for cura-
tive therapy. The modern surgical treatment of gastric
GIST combines the novel use of targeted therapy and
aggressive minimally invasive surgical procedures to
provide effective treatment for this lethal, but rare gas-
trointestinal malignancy.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastrointestinal stromal tumors (GIST) are rare mesen-
chymal tumors that occur throughout the smooth mus-
cle layer of the gastrointestinal (GI) tract". GIST repre-
sent less than 1% of all GI tract malignancies. The most
common location of these tumors is the stomach (70%),
small bowel (20%-30%), small intestine and colon/rec-
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tum (10%). Uncommonly, they can arise within the
greater omentum, esophagus, appendix, and gallbladder.
Most cases are sporadic, and affect men slightly more
frequently than women (54% »s 46%)". The annual in-
cidence in the United States has remained stable at 3000
to 4000 cases per year. The world-wide age-adjusted an-
nual incidence rates range from 6.8 to 14.5 cases per mil-
lion and vary between countries of origin. The median
age at diagnosis is 58 years of age, but GIST have been
reported in newborns and adolescents”. GIST can range
in size from several millimeters to over 30 cm in diam-
eter. Tumor diameter appears to significantly influence
biologic behavior, as small GIST may remain indolent
for many years and large, “massive” GIST have higher
rates of recurrence and associated metastases’.
Historically, smooth muscle sarcomas were classified
as leiomyosarcomas', The development of malignant
GIST requires the transformation of the interstitial cells
of Cajal, pacemakers of the GI tract, to a malignant phe-
notype through activating or gain of function mutations
in the ~KIT proto—oncogenem. GIST are spindle cell
neoplasms that usually retain the ultrastructural charac-
teristics of smooth muscle cells, but have immunohisto-
chemical staining for ~KIT, CD-34, smooth muscle actin,
desmin and S-100. Approximately 70% of GIST are
spindle cell type neoplasms; the minority are epithelioid
(20%) or mixed cell type (10%)". Hirota ez al” first de-
scribed the novel mutation in the KIT tyrosine kinase re-
ceptor gene in 1998. Since this landmark discovery, most
“leiomyosarcomas” have been reclassified as GIST. KIT
is located on chromosome 4q11-q12 and functions as a
transmembrane receptor for its ligand, stem cell factor.
In the non-cancerous state, this ligand binds to the ex-
tracellular portion of the receptor to induce homodimer-
ization and downstream activation of its cell-signaling
pathways[sl. Wild-type ¢-KIT normally regulates cellular
differentiation, growth, and survival. Approximately
80%-90% of GIST harbor mutations in the KIT ge-
nome. Mutations in the platelet-derived growth factor re-
ceptor (PDGFRa) occur in 5%-10% of c-KIT-wild type
GIST. DOG1 mutations may help identify GIST with
wild type ¢-KIT and PDGFR". Mutated KIT receptors
induce ligand-independent, unregulated activation of the
downstream cell signaling pathways which collectively
results in a loss of normal cell adhesion, differentiation,
and proliferation to promote tumorigenesis. Exon 11
mutations in the KIT gene cause constitutively activated
receptors leading to unregulated autophosphorylation of
M KIT mutations
in exons 9, 13, 17 are less common and have been asso-

the intracytoplasmic tyrosine kinases

ciated with more aggressive tumor behavior.

Biologically, gastric GIST tumors grow locally within
the stomach (intra- or extraluminal expansion) and even-
tually obtain the capability to metastasize »iz hematoge-
nous routes to the solid viscera (liver, small bowel, lungs)
and peritoneal cavity. Tumors can also spread along the
smooth muscle planes within the stomach or can rupture
into the peritoneal cavity causing sarcomatosis. Com-
plete surgical resection is thought to be the only curative
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treatment for GIST. The recent use of cytostatic agents,
such as imatinib mesylate, in patients with metastatic
disease has been associated with durable recurrence-
free survival!'', This important observation suggests
that overall survival may not be the most important
endpoint to consider when making treatment decisions.
Radical gastrectomy is seldom required for extirpation
of these tumors”. In contradistinction to gastric adeno-
carcinoma, where it is essential to obtain at least five-
centimeter proximal and distal margins, GIST tumors
can be effectively treated by a complete gross resection
of the tumor!". Given the infrequency of lymphatic
metastases, regional lymphadenectomy is not indicated.
Minimally-invasive operations are now frequently used
to treat gastric GIST. Retrospective series suggest that
these techniques may reduce perioperative stress and are
associated with lower rates of postoperative complica-
tions, shorter hospital stays and equivalent recurrence
rates (Table 1)"*'%,

EPIDEMIOLOGY AND DIAGNOSIS

Miettinen et al published the largest retrospective se-
ries of gastric GIST that reviews 1869 cases seen at the
Armed Forces Institute of Pathology from 1970-1996.
The vast majority of cases occurred in patients over 40
years of age and the median tumor diameter was 6 cm
(range: 0.5-4.4 cm). Most gastric GIST had spindle-cell
or epithelioid differentiation.Over 90% of these neo-
plasms had mutations in the ~KIT gene; PDGFR muta-
tions were more frequently identified in epitheliod tu-
mors. The metastatic potential of these tumors strongly
correlated with their size and rate of mitotic activity.
Unfavorable prognostic factors included proximal tu-
mors (gastric cardia and gastroesophageal junction), the
presence of coagulative necrosis, ulceration, and inva-
sion deep to the mucosal layer.

Most GIST ate incidentally diagnosed during evalua-
tions for nonspecific GI symptoms, such as pain, nausea
and vomiting, and weight loss”. Tumor hemorrhage
commonly occurs when large tumors develop an isch-
emic, punctate ulcer (Figure 1A). Usually, the bleeding
can be temporized using endoscopic sclerotherapy or
electrosurgical coagulation techniques. Seldom is it nec-
essary to take patients urgently for surgical resection
with intractable hemorrhage (Figure 1B and C). Often
these patients can be stabilized with medical and endo-
scopic therapy and have elective operations to extirpate
these tumors. Intraperitoneal tumor rupture with hemo-
peritoneum and tumor dissemination is a difficult clini-
cal problem that is associated with a significant risk of
intraperitoneal sarcomatosis.

Computed tomography (CT) scanning is the most
widely used and effective staging modality”. Multiple-
row detector can localize the tumor within the stomach
and remains a very sensitive technique to detect distant
metastasis (at least = 1 mm in diameter) within the liver
or lungs; small volume intraperitoneal disease is often
only detected on diagnostic laparoscopy and is respon-
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Figure 1 Clinical images of complicated gastrointestinal stromal tumors. A: Large intraluminal gastric gastrointestinal stromal tumors (GIST) with punctate central
ulceration. The bleeding ulcer was treated endoscopically with sclerotherapy and electrocautery (cauterized tissue; white oval). The patient had an interval resection
electively without additional hemorrhage from the tumor; B: Acute presentation of a patient with a ruptured gastric GIST with hemoperitoneum. These images represent
contrast-enhanced computed tomography (CT) scan from a patient with a large extraluminal gastric GIST along the greater curvature of the stomach. B1 demonstrates
axial CT images of the bi-lobed tumor with irregular borders (arrows); B2 shows additional axial images at the caudal extent of gastric tumor with layering of blood in
the splenic recess (oval). He was diagnosed with hemoperitoneum and was resuscitated with packed red blood cells, fresh frozen plasma, and platelets; the patient
was on antiplatelet therapy at the time of admission. He stabilized and had an upper endoscopy/ultrasonography for tissue diagnosis and to plan definitive treatment;
C: Ruptured gastric GIST following conservative management. Contrast-enhanced CT images following a six-week period of conservative management of the patient
with ruptured gastric GIST. C1 demonstrates the more organized bi-lobed tumor with distinct borders (arrows); C2 shows coronal images of the organized hemorrhagic
component within the splenic recess after a period of observation (oval). Ultimately this patient had an interval open subtotal gastrectomy for a high-grade GIST.

Figure 2 Endoscopy ultrasound images with fine needle aspiration biopsy. A: A 3 cm x 3 cm submucosal intraluminal mass within the gastric cardia; B: This
Endoscopy ultrasound image shows the fine needle aspiration biopsy needle (horizontal white line in upper right corner of image) puncturing the submucosal gastric
gastrointestinal stromal tumors.

sible for the reported 10%-15% of false negative rate
with dynamic CT. Magnetic resonance imaging (MRI) is
an acceptable alternative to CT for patients with renal
dysfunction or in whom the risk of cumulative ionizing
radiation may be prohibitive. Positron emission tomog-
raphy (PET) remains an experimental test that may be
useful in confirming distant metastatic disease and de-

(49

Boiohidengs  WIG | www.wjgnet.com

termining the response to neoadjuvant targeted therapy.
PET scans usually indicate tumor responsiveness to ima-
tinib mesylate within days to weeks of induction therapy.

Upper endoscopy (EGD) with ultrasonography (EUS)
is an essential diagnostic modality to acquire tissue for
diagnosis, usually by fine needle aspiration (FNA) or
core-needle biopsy (Figure 2). In addition, EUS is accu-
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Ref. Location MIS/ Proximal Size Operative Compli- Conversion LOS RO  Intermediate/ Recurrence Median
GIST  tumors (cm) time cations  to open (d) resection  high risk rate F/U
(min) surgery rate GIST (mo)
n (%) n (%) n (%) n (%) n (%) (range)
Sasaki et al"! Japan  45'/37  6(13) 3.2(1.6-7.4) 100(30-240) 1(2) 1(2) NR 100 9 (24) 0 74 (1-81)
Sextonetal™  Germany 112/61 7 (11) 3.8(x18) 1519(*673) 10(164) 1(2) 3922 98 15 (25) 3(5) 15 (0-103)
Wilhelm et al"™™ Germany 93/63° 36 (39) 2.6 (0.3-6.5) 90.7 7(75)  6(65) 73 100 8 (13) 0 40 (2-99)
Otani et al™ Japan 60  36(60) 3.6(1.8-15.0) 141/188" NR 0 7.2 100 17 (28) 2(3) 53
Novitsky etal”®  NC 50  17(34) 44 ((*20)  135(*56) 4(8) 0 38(x1.6) 100 14 (28) 4(8) 36 (4-84)
Total (for GIST) 271 102 (38) 8 (3) 63 (23) 9 (3)

'Forty-five laparoscopic operations and 37 confirmed gastrointestinal stromal tumors (GIST); *no positive margins, but one patient had a laparoscopic
resection in the setting of distant metastatic disease; *ninty-three consecutive patients, including 62 GIST; there was 1 laparascopic-assisted endoscopic
resection, 55 laparoscopic wedge resections, and 34 transgastric resections; ‘the mean operative time was 141 for laparoscopic operations and 188 min for
laparoscopy-assisted operations. NC: North Carolina; n: Number of patients in each series; MIS: Minimally invasive operations; Proximal tumors: GIST at
gastroesophageal junction or within gastric cardia; Size: Median pathologic tumor size; Complications: Surgical morbidity; LOS: Length of hospital stay;

NR: Not reported; RO resection: Gross and microscopically-negative margins; F/U: Follow-up.

Figure 3 Gastroesophageal junction gastrointestinal stromal tumors. A: An axial computed tomography image of a gastric gastrointestinal stromal tumor (white
oval) located along the posterior wall of the gastroesophageal junction (GEJ); B: Coronal images of the tumor (white arrow) show its proximity to the GEJ.

rate in determining the depth of penetration and origin
of these neoplasms and also allows one to potentially
consider a hybrid endoscopy/laparoscopic resection!”,
The published National Comprehensive Cancer Net-
work (NCCN) guidelines outline the recommended prin-
ciples of tissue sampling for GIST (http://www.ncen.
org). Since most GIST are soft, fragile, well-encapsulated
tumors, indiscriminate biopsies increase the risk of tu-
moral hemorrhage and rupture. This is associated with
higher rates of tumor recurrence and/or intraperitoneal
dissemination. The decision to perform a preoperative
ot pretreatment biopsy should be individualized and only
performed when the results of the sampling would de-
finitively influence the choice of treatment"”. Biopsy is
mandatory for all locally-advanced gastric GIST that will
be treated with pre-resection neoadjuvant targeted thera-
py. Careful review of the acquired tissue by experienced
GI histopathologists and use of comprehensive immu-
nohistochemical staining for ¢-KIT and other markers
is essential to confirm the diagnosis. Given the accuracy
and real time localization of these tumors, EUS-guided
biopsy is generally preferable to CT- or ultrasound-guid-
ed FNA biopsy techniques™"”.

EGD/EUS can identify the key anatomic relation-
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ships of the tumor to the gastric wall layers. GIST at
the gastroesophageal junction (Figure 3), pylorus and
along the posterior wall of the stomach represent unique
surgical challenges and influence the required operation.
EGD can also effectively be used to treat tumor hemot-
rhage and avoid the need for urgent gastric operations.
EUS can determine the depth of penetration through
the layers of the gastric wall and potentially identify tu-
mors that can be extirpated using endoscopic resection
techniques. Only intragastric GIST that arise from the
superficial circular muscular layer or muscularis mucosa
can be removed with endoscopic enucleation™. These
procedures are technically demanding and require con-
siderable experience and skill. Some of these cases take
place in the endoscopy suites, but are often coordinated
with surgical specialists to assist with the management
of hemorrhage or gastric perforation. Often these resec-
tions are best performed in sutrgical operating rooms us-
ing laparoscopic-assisted techniques with an experienced
surgeon present for the operation.

SURGICAL TREATMENT

Surgical treatment of gastric GIST is the only known cu-
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Figure 4 Locally-advanced gastric gastrointestinal stromal tumors. A:
Representative contrast-enhanced computed tomography images show a large,
proximal gastric gastrointestinal stromal tumors that invades into the splenic
hilum (oval); B: On the coronal images the arrow indicates a heterogeneous
mass invading into the spleen with areas of viable tumor and necrotic areas
represented by calcifications.

rative therapym. It is essential to completely remove the
entire tumor without violating the capsule of the mass.
Tumor spillage or hemorrhage is associated with high
locoregional recurrence rates and/or development of
peritoneal sarcomatosis' . Given the rarity of lymphatic
dissemination, regional lymphadenectomy is not rou-
tinely performed. Since these tumors originate from the
muscular layer of the gastric wall, enucleation is an op-
tion, but may be associated with higher recurrence rates
unless the intramuscular pedicle can be clearly identified.
Standard operations include both “open” and minimally
invasive operations. Wedge or a “full-thickness” pat-
tial gastrectomy is an effective strategy for tumors that
are located along the lesser or greater curvature of the
stomach™". Posteriorly-based gastric GIST often require
transgastric resections through an anterior longitudinal
gastrotomy; the tumor is everted and its pedicle divided
with a linear stapling device™. Anatomic gastrectomy
(i.e., subtotal or total gastrectomy) is reserved for large
tumors that involve a significant portion of the stomach.
Endoscopic-assisted, laparoscopic gastric resections are
cutting-edge operations that combine precise intraopera-
tive localization of these tumors with gastric-volume
preservation techniques.

NCCN guidelines suggest that small (< 1 cm) gastric
GIST without high-risk endoscopic ultrasonographic
features (i.e., irregular borders, cystic spaces, ulceration,
echogenic foci and heterogeneity) may be followed
with close endoscopic surveillance at 6-12 mo intervals
(http:/ /www.ncen.org). In the absence of biopsy-proven
metastatic disease, patients with an acceptable perfor-
mance status and GIST confined to the stomach should
undergo complete surgical resection. In patients with
marginally resectable tumors or in cases that GIST are
potentially resectable, but the need for concomitant en
bloc organ resection or total gastrectomy is likely, con-
sideration should be given to neoadjuvant treatment with
imatinib mesylate to cytoreduce or “downstage” tumors
so that a less morbid or less extensive operation can be
considered in the future (Figure 4) 2,
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Multiple single institutions highlight the increased
use of laparoscopic or minimally-invasive operations
for gastric GIST!"*'®. Resection techniques include: (1)
laparoscopic transgastric resections; (2) laparoscopic
full-thickness or “wedge” resections; (3) laparoscopic ex-
tramucosal enucleation; and (4) combined laparoscopic,
endoscopic resections®. The five largest published
reports of laparoscopy resections for gastric GIST are
summarized in Table 1"*'%, Most of these retrospective
series include non-GIST, benign submucosal tumors
(leiomyomas). Although a formal meta-analysis was not
performed given the small number of patients, general
trends are evident. It appears that minimally-invasive
operations for gastric GIST have been successfully used
to treat patients with large tumors in difficult locations
(i.e., proximal stomach and gastroesophageal junction).
The data also suggest reasonable operative times, accept-
able complication rates, and few conversions to open
operations. Since none of the series had strict criteria
for postoperative discharge to home, the reported post-
operative length of stay is difficult to interpret, but was
shorter than historic controls for open operations. Im-
portantly, despite nearly one-third of the patients hav-
ing intermediate to high-risk lesions, neatly 100% were
completely removed and did not recur after 1-4 years of
follow-up!*"*
ing these results to all patients with gastric GIST; most
series had relatively short follow-up, involved a consider-
able selection bias, and most operations were performed
by surgeons with considerable experience with these
techniques””. Our institutional experience with laparo-
scopic resection of GIST suggest that these techniques
are both feasible and effective treatment for tumors less
than eight centimeters in diameter. We advocate using a
multidisciplinary approach with combined surgical on-
cology and minimally-invasive specialists to estimate the
biologic behavior and determine the optimal method of
resection. Cutting-edge modifications include the use of
robot-assisted laparoscopic resections™, natural orifice
surgery[zm, gasless laparoscopic tesections”, single-port
techniquesl3l’3zj, and novel methods of removing poste-
riorly based tumors™. One report described an experi-
mental transgastric technique that utilized the retractable,
metal-rimmed EndoCatch bags to clevate posterior wall
GIST to facilitate laparoscopic stapled transection of the
tumor pedicle®™.

). We urge caution in broadly extrapolat-

OUTCOMES AFTER SURGICAL
RESECTION OF GASTRIC GIST

Since GISTs are rare neoplasms that demonstrate a spe-
ctrum of biologic behavior, outcomes following surgi-
cal resection are difficult to ascertain. Recurrence free
survival appears dependent on tumor size, location, and
mitotic rate'™*". Prior to the use of imatinib mesylate as
an adjuvant treatment following complete resection of
gastric GIST, several large, retrospective reports suggest
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local recurrence rates as high as 40% and five-year sur-
vival rates as ranging between 40%-90%""** Dematteo
et al'! published a series of 200 patients with GIST in
2000; more than half of these patients had gastric GIST.
In the 93 patients with primary GIST, 80 (86%) had a
complete resection with a median disease-specific sut-
vival of 54%. Fujimoto ez al™ reported a series of 140
patients that had curative operations for gastric GIST.
The five- and ten-year overall survival rates for the 129
patients with “curative” operations were 93% and 88%,
respectively. Independent predictors of poor prognosis
included male patients [hazard ratio (HR) = 0.469, P =
0.013], tumor size greater than or equal to 10 cm (HR =
20.98, P = 0.001), a mitotic index of 10+ (HR = 45.95,
P < 0001), and epithelioid cell histologic component (HR
= 5.32, P = 0.014). Models to estimate the risk of recur-
rence have been created from large, retrospective data
set of patients with verified GIST™. Size (> 10 cm)
and mitotic rates greater than five per 50 high-powered
fields are the most significant variables that predict ma-
lignant behavior.

Conventional chemo- and radiation therapy atre his-
torically ineffective adjuvant treatments for GIST and do
not significantly improve survival in patients with recur-
rent, metastatic or unresectable primary tumors''®. The
evolution of targeted therapy has dramatically altered
outcomes for patients with advanced GIST. Imatinib
mesylate is an orally bioavailable, selective molecular
inhibitor of cellular tyrosine kinases. First used to treat
Philadelphia chromosome-positive chronic myelogenous
leukemia, imatinib inhibits tyrosine receptor kinases such
as PDGFR and KIT"™. The Federal Drug Administra-
tion (FDA) approved imatinib mesylate for use in pa-
tients with metastatic GIST in 2002. The American Col-
lege of Surgeons Oncology Group (ACOSOG) phase I
non-randomized Z9000 trial examined the use of adju-
vant imatinib for one-year following complete resection
of high-risk GIST (> 10 cm tumors or ruptured GIST).
Imatinib-use was associated with dectreased recurrence
rates (vs historic controls)*”. The ACOSOG 79001
was a randomized, double-blind, placebo-controlled,
multicenter trial that conclusively showed a statistically
significant reduction in the risk of recurrence with one-
year of adjuvant imatinib mesylate therapy (400 mg daily
dose; HR = 0.35, range: 0.22-0.53, P < 0.0001)"". Seven
hundred and thirteen patients with completely resected
c-KIT positive GIST (greater than 3 cm) were random-
ized in an intention to treat analysis. At a median follow-
up of 19.7 mo, the study was halted when it became evi-
dent that only 30 (8%) of patients in the imatinib group
and 70 (20%) in the placebo arm had recurrent disease
identified. Further maturation of this data is necessary
to determine whether the adjuvant treatment improves
overall survival in treated patients.

The FDA approved imatinib mesylate in 2008 as
adjuvant therapy following complete resection of GIST
for all patients without restrictions on time (to initi-
ate therapy) or histopathologic criteria. The European
Medicines Agency approved adjuvant imatinib in 2009
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for adult patients with resected c-KIT-positive GIST at
significant risk of relapse of disease. At least one year of
postoperative imatinib mesylate therapy (400 mg daily) is
now considered the standard of care for tumors greater
than 3 cm with high-risk features (> 5-10 mitoses/50
high power field) per the results of ACOSOG 79001,
Several postoperative models of risk assessment have
been used to estimate the likelihood of recurrence for
patients who do not meet the aforementioned crite-
tia®Y. The optimal duration of imatinib and long-term
survival benefit remains the subject of several ongoing
randomized, controlled international cooperative group
trials and industry-sponsored studies. Current protocols
include the recently completed EORTC 62024 trial that
randomized 900 patients with completed resected inter-
mediate- and high-risk GIST to receive either two years
of adjuvant imatinib mesylate »s observation. The pri-
mary endpoint of the EORTC trial was overall survival,
so the final results will require approximately ten years
for complete analysis. The Scandinavian Sarcoma Group
phase II trial, (SSGXVIL; one #s three years of adjuvant
imatinib mesylate) and the non-randomized Novartis
Pharmaceutical Trial (NCT00867113; five years of ad-
juvant imatinib) were both designed to test extended
use of adjuvant imatinib mesylate following complete
resection. Patients at a higher risk of recurrence may
justify indefinite use of adjuvant therapy. Three recent
cooperative group trials using imatinib in patients with
locally-advanced, unresectable or metastatic GIST have
suggested that the KIT mutation genotype may have
prognostic value to estimate the duration of response
and optimal dose of imatinib mesy*late[lﬂ’42’43]. Patients in
these trials with exon 11-mutations had better treatment
outcomes (improved tumor response, progression-free
survival, and overall survival) when compared to patients
with KIT exon 9-mutants and wild-type patients. At the
American Society of Clinical Oncology annual meeting
in 2010, it was reported that only deletions (all types) in
the KIT exon 11 gene was associated with an increased
tisk of recurrence'™. Heinrich ez a/*” also reported that
GIST with KIT exon 9-mutations had higher tumor re-
sponse rates to neoadjuvant imatinib mesylate with daily

doses of 800 mg (s 400 mg).

POST-OPERATIVE SURVEILLANCE

NCCN guidelines suggest that following complete resec-
tion of gastric GIST; patients should be followed with
comprehensive history and physical examinations every
3-6 mo for 5 years, then annually (http://www.ncen.org).
Abdominal/pelvic contrast enhanced CT scans were rec-
ommended every 3-6 mo for at least three to five yeats
postoperatively. Given the risk of renal insufficiency
with iodinated contrast and the cumulative ionizing
radiation exposure with frequent CT scans, we believe
that less intensive surveillance programs should be advo-
cated. MRI remains an acceptable alternative for suitable
patients and avoids the deleterious radiation exposure
that is associated with serial CT scans. It is reasonable to
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Figure 5 Neoadjuvant treatment of a locally-advanced gastrointestinal
stromal tumors with imatinib mesylate. A: This woman presented with ab-
dominal pain and fullness. A computed tomography (CT) scan identified a mas-
sive (> 30 cm), homogeneous tumor in the gastric fundus that was exophytic
and extending caudally towards the pelvic inlet; B: After tissue diagnosis con-
firmed a gastric gastrointestinal stromal tumor (GIST), the patient was treated
with six months of low-dose imatinib mesylate (400 mg/d) until a maximal re-
sponse was achieved. The coronal views of this interval CT scan demonstrated
a much smaller, well-encapsulated, homogenous tumor (solid white arrowhead).
She had a radical resection of the gastric GIST and was free of disease until
24 mo when she developed a metastatic lesion in the left lateral segment of the
liver. Following complete metastectomy, she was treated with several targeted
tyrosine kinase inhibitors until she ultimately succumbed from her metastatic
disease 19 mo from her second operation and 43 mo from her initial operation.

consider an EGD at one-year after resection to rule out
a local or anastomotic recurrence. Less frequent surveil-
lance programs have been suggested for small (< 2 cm),
low-risk tumors. Patients on investigational adjuvant
protocols routinely are scanned more frequently to de-
termine the efficacy of treatment.

NEOADJUVANT TREATMENT OF
LOCALLY-ADVANCED GASTRIC GIST

Locally-advanced “unresectable” or borderline-resect-
able gastric GIST are often treated with neoadjuvant
imatinib mesylate therapy prior to surgical resection
(Figure 5). Theoretically, the use of preoperative ima-
tinib may “downstage” or substantially cytoreduce GIST
preoperatively and diminish the need for concomitant,
en bloc organ resections. Over the past five years, there
have been several small, single-institution; retrospective
reports documenting outcomes following neoadjuvant
treatment of borderline or locally-advanced GIST
(Table 2)#44031, Approximately 75% of these highly
selected patients with “unresectable” GIST were sub-
sequently treated with RO/R1 resections. The duration
of neoadjuvant therapy and best method of detecting
maximal treatment effect have been the subject of two
recent phase I trials®**. The RTOG 0132/ACRIN
6665 cooperative group trial prospectively administered
“neoadjuvant” imatinib mesylate (600 mg/d) for eight
weeks to patients with both potentially resectable (#
= 30) and recurrent/metastatic GIST (z = 22)"”. The
majority of patients had disease stabilization; only 12%
had a partial tumor response to therapy. Patients were

(4 9
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Ref. Number of patients RO/R1 resections
Sym et al*” 24 15 (62)
DeMatteo et al™ 49 39 (80)
Gronchi et al™® 38 31 (82)
Raut et al™ 69 57 (83)
Rutkowski et al® 24 22 (92)
Bonvalot et al*! 22 15 (68)
Andtbacka et al™ 46 22 (48)
Totals 272 201 (74)

RO/R1 resections: Complete gross removal of the gastrointestinal stromal
tumor with/without negative microscopic margins.

resected with minimal morbidity and given an additional
two years of adjuvant therapy. The patients without
metastatic disease had estimated two-year progression-
free and overall-survival rates of 83% and 93%, respec-
tively. McAuliffe ez al’” randomized 19 patients with
locally-advanced GIST to receive “nanoneoadjuvant”
imatinib therapy; subjects were given 600 mg/d for 3 d,
5 d or 7 d prior to surgical resection. Seventeen of 19
patients had a subsequent resection without significant
morbidity and were given two years of adjuvant therapy.
Approximately 30% of these patients had an objective
radiologic response to imatinib (CT/PET) and 12%
of the resected tumors had an increase in apoptosis by
terminal deoxynucleotidyl transferase- mediated dUTP-
biotin nick end labeling assay. These studies provide the
proof of principle that neoadjuvant imatinib mesylate
may be a safe and effective method of treating patients
with locally-advanced GIST.

CONCLUSION

Gastric GIST are rare neoplasms that have traditional-
ly required complete surgical resection to achieve cure.
Both traditional and minimally invasive gastric resec-
tions can be used to remove these tumors with minimal
morbidity and excellent perioperative outcomes. The
revolutionary use of specific, moleculatly-targeted thera-
pies, such as imatinib mesylate, reduces the frequency of
disease recurrence when used as an adjuvant following
complete resection. Neoadjuvant treatment with these
agents appears to stabilize disease in the majority of
patients and may reduce the extent of surgical resec-
tion requited for subsequent complete tumor removal.
Importantly, tyrosine kinase inhibitors likely extend the
progression-free survival of most patients with GIST.
The optimal sequencing of therapies and incorporation
of predictive genomic data highlight future challenges in
this disease.
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