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Synopsis
Despite being the most common sarcoma of the gastrointestinal tract, gastrointestinal stromal
tumor (GIST) has only been widely recognized as a unique entity for just over a decade. The
advent of tyrosine kinase inhibitors (TKIs) has revolutionized the diagnosis and treatment of
GIST. While surgery remains the only chance for cure, multimodal treatment that includes
molecular therapy continues to develop. Optimal management of GIST requires careful
radiographic, pathologic, medical and surgical care, emphasizing the need for a multidisciplinary
approach. In this review we highlight recent developments in the management of GIST.
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Epidemiology
GIST is the most frequently encountered mesenchymal tumor of the gastrointestinal tract.
Although the annual incidence in the US is reported to be approximately 5000 cases per year
(1), the true incidence is difficult to determine as it was only recently classified as a separate
entity from leiyomyoma, leiyomyosarcoma, and leiomyoblastoma. Due to increased
awareness and improved histopathological detection, the incidence of GIST seems to be
increasing (2). GISTs affect men and women equally, except for pediatric GISTs that occur
predominantly in girls (3, 4). While GISTs have been reported in all age groups including
newborns, it is very uncommon in patients less than 30 years old. Most patients diagnosed
with GIST are between 40–80 years old with a median age at diagnosis of 60 (5).

The most commonly encountered GIST is the sporadic form. Familial GISTs occur and
result from a germline mutation in either the KIT or platelet-derived growth factor receptor
alpha (PDGFRα) proto-oncogenes (6)((7). GIST can also occur in patients with
neurofibromatosis type-1 (NF1) (8) and in young women as part of a syndrome that
includes, paragangliomas, pulmonary chondromas, and gastric GISTs (i.e.,Carney’s triad)
(9).

Clinical Presentation and Diagnosis
GISTs can cause a variety of symptoms ranging from vague abdominal pain to peritonitis as
a result of tumor rupture and intraperitoneal bleeding. Other modes of presentation include
abdominal fullness, early satiety, weakness, and fatigue secondary to anemia from occult
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gastrointestinal bleeding. Bowel obstruction is rare. Small GISTs (<3cm) are often detected
incidentally on CT scans, endoscopy, or at the time of laparotomy for other indications (10).
Lesions discovered incidentally and at autopsy have been shown to measure 2.7cm and
3.4cm respectively (11). Median tumor size at presentation in symptomatic patients is 5cm.

GISTs can occur anywhere in the gastrointestinal tract from the esophagus to the rectum.
Stomach represents the most common site (60%), followed by the small bowel (30%),
rectum (~5%), and esophagus (~5%) (5). The clinical course of GIST can range from benign
to malignant. Up to 50% of patients will present with metastatic disease at the time of
diagnosis, with the liver and peritoneum being the two most common sites of extraintestinal
spread. Occasionally, patients will present with primary GISTs of the omentum, mesentery,
or pancreas (12).

Due to the wide range of symptoms and its rarity, the diagnosis of GIST requires a high
index of suspicion. The primary mode of diagnosis and assessment of extent of disease is by
contrast enhanced CT scan of the abdomen and pelvis. Characteristic findings on CT scan
include an enhancing, exophytic mass in close association with the stomach or bowel wall.
Like other sarcomas, GISTs tend to displace rather than invade adjacent structures.
Occasionally, larger GISTs (>10cm) can exhibit heterogeneity on CT that usually signifies
hemorrhage or occasionally necrosis within the tumor. MRI can be useful in cases of rectal
GIST. While PET is not used to diagnose GIST, it can be used to assess the response to
tyrosine kinase therapy. PET can also be useful in patients with metastatic disease who are
being considered for surgery or those on second line agents after failure of imatinib, in
whom mixed responses may occur. On endoscopic evaluation, GIST appears as a
submucosal mass. While endoscopic or percutaneous biopsy is recommended in cases in
which neoadjuvant therapy or metastasis is suspected, the role of routine biopsy of isolated
lesions is controversial. Endoscopic-guided fine needle aspiration has been shown to be
~80% sensitive in diagnosing GIST (13). Because GISTS tend to be soft and friable, biopsy
carries the risk of tumor rupture, bleeding, and dissemination.

Pathologic Findings
There are three histologic sub-types of GIST. The spindle cell form is the most common
(70%) and consists of uniform, intersecting fasicles with eosinophilic cytoplasm. The
epitheliod (20%) and the rare mixed type (10%) forms show more rounded cells with
nuclear atypia (14). Approximately 95% of GISTs stain positive for KIT (CD117) by
immunohistochemistry (IHC). Epithelioid GISTs tend to have weaker KIT staining than the
spindle cell type. Other commonly expressed markers include CD34 (70%), smooth muscle
actin (30%) and desmin (<5%) (14). While immunophenotype is an important component in
the diagnosis of GIST, it is not sufficient. Other malignancies that can stain positive for KIT
include metastatic melanoma, angiosarcoma, small cell lung cancer and Ewing’s sarcoma
(15). The diagnosis of GIST is based on concordance between the morphology and IHC.
Nevertheless, mutation analysis is sometimes required.

GISTs are believed to arise from the interstitial cells of Cajal as a result of a gain of function
mutation in the KIT proto-oncogene. KIT mutations can vary and occur in up to 85% of
GISTs (16). The most common sites of KIT mutation include exon 11 (70%) and exon 9
(10%). Other described regions include exons 13, 14 and 17 (17, 18). Recently, ETV1 was
shown to be a critical transcription factor in KIT oncogenesis and the development of GISTs
(19). Approximately 10% of patients with GIST instead have a mutation in the PDGFRα
proto-oncogene (20). Patients (~5–10%) who do not carry a mutation in either of the above-
described proto-oncogenes are classed as having wild-type (WT) GISTs. A subset of these
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patients, have a BRAF mutation (21). DOG1 (a calcium-dependent chloride channel) is also
expressed commonly in GIST and can be useful in establishing the diagnosis (22, 23).

Risk Stratification
Prognosis in GIST is highly variable. The critical determinants of GIST behavior include
tumor size, mitotic rate, and location (24) (Table 1). Small tumors (<2cm) with low mitotic
rates (<5 per 50 HPF) exhibit benign behavior, whereas larger tumors (>5cm) with high
mitotic rates (>10 per 50 HPF) are associated with malignant behavior and display higher
rates of recurrence after surgical resection. Tumors located in the stomach have favorable
outcomes relative to small bowel tumors. Of the three aforementioned determinants of
behavior, mitotic rate is considered the most significant (24). It is important to note that
small tumors with low mitotic rates have been shown to display malignant behavior (25).

Gene locus as well as the type of mutation can also impact prognosis. Molecular analysis of
the KIT proto-oncogene has revealed that tumors with exon 9 mutations or deletions in exon
11 are more aggressive when compared with those harboring either a point mutation or
insertion in exon 11. Recurrence after surgery is more common in patients with a deletion
mutation in exon 11 (24, 26, 27).

In patients with PDGFRα mutations, location is also important. Exon 18 D842V mutations
are resistant to imatinib therapy whereas those in exon 12 are responsive to imatinib. Wild-
type (WT) GISTs are associated with imatinib resistance and portend an unfavorable
prognosis (28). Insulin-like growth factor receptor-1 (IGFR1) has been shown to be
overexpressed in patients with WT GISTs. In vitro suppression of IGFR1 results in
apoptosis of imatinib-sensitive and resistant WT GIST cells (29). Current trials to
investigate the efficacy of IGFR1 inhibitors in patients with WT GISTs are underway. More
recently, a germline mutation in the succinate dehydrogenase (SDH) gene was found in 12%
of patients with WT GISTs. Defective cellular respiration as a result of SDH mutations in a
subset of younger WT GIST patients is thought to contribute to GIST oncogenesis (30).
Aneuploidy and telomerase expression have both been shown to correlate with worse
outcome and the development of metastatic disease (31–33).

Tumor rupture before or during dissection portends a worse outcome manifested by higher
rates of peritoneal recurrence. When examining a specimen, pathologists must consider a
slew of prognostic factors that enable them to ultimately categorize GISTs as very low, low,
intermediate, or high risk for malignancy (34). A prognostic nomogram developed at
Memorial Sloan-Kettering Cancer Center (MSKCC) that takes into account tumor size,
mitotic rate, and location can now be used to assess two and five year recurrence-free
survival in patients undergoing potentially curative resection of localized primary GIST (35)
(Figure 1). While the nomogram was developed using 127 patients at MSKCC, it has been
validated using two patient cohorts from other institutions. The fact that inclusion of
tyrosine kinase mutation status failed to improve discriminatory ability, may just reflect the
number of patients in the study and the number of mutation subtypes.

Treatment
Primary resectable disease

Surgery remains the only chance for cure in patients with localized, primary GIST. The goal
is to achieve negative microscopic margins with an intact tumor pseudocapsule. Wide
margins have not been shown to improve outcomes (5). Complete resection can usually be
accomplished via wedge resection of the stomach or segmental resection of the bowel.
Because GISTs spread hematogenously or by local invasion, lymphadenectomy is not
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routinely required unless adjacent nodes are obviously enlarged. En bloc resection is needed
when adjacent organs appear to be involved.

While there is little disagreement that all tumors larger than 2cm should be resected, the
management of incidentally discovered small GISTs less than 2cm is controversial. In the
absence of high-risk features on endoscopic ultrasound (echogenic foci, ulceration, irregular
margins), some have advocated following these lesions with serial imaging and/or
endoscopy. A retrospective analysis looking at the rate of growth of smaller GISTs using
endoscopic ultrasound (EUS) found that ~13% with low risk features on endoscopy
progressed to a point where they were resected (36). The utility of EUS in the management
of small GISTs remains unclear. The frequency of imaging is not well defined, and the need
for potentially lifelong surveillance makes this option challenging for some patients and
physicians. While endoscopic resection has been suggested by some, the risk of positive
margins, perforation, and tumor spillage make this option generally less desirable. Current
National Comprehensive Cancer Network (NCCN) guidelines for the management of gastric
GISTs less than 2cm without high-risk features on EUS include surveillance endoscopy
every 6–12 months (37).

Conventional adjuvant therapies such as chemotherapy and radiation have not been proven
effective. Response rates of 5% (38) have been reported with chemotherapy, and radiation is
seldom used due to the difficulty of sparing adjacent healthy tissue. Median survival for
GIST patients treated with cytotoxic chemotherapy is approximately 12 months (39).
Moreover, hepatic artery embolization and intraperitoneal chemotherapy have also resulted
in discouraging outcomes (40).

With surgery alone, recurrence rates approached 50% irrespective of negative margins. The
approval of imatinib mesylate for the treatment of GIST revolutionized the field. As a
specific tyrosine kinase inhibitor (TKI), imatinib has shown efficacy in patients with both
KIT and PDGFR α mutations (41). Imatinib is dosed orally once or twice a day and is
generally well tolerated with rash, diarrhea and abdominal pain being the most commonly
reported side effects (42).

In a phase II trial led by the American College of Surgeons Oncology Group (ACOSOG),
oral imatinib for twelve months following resection in patients with high risk GISTs was
shown to improve recurrence-free survival and increase overall survival when compared
with historical controls (43). High risk in this study was defined as a tumor greater than
10cm, spillage during resection, or more than 5 tumors per patient. In 2009, results from a
randomized, placebo controlled, multicenter phase III trial were reported (44). Imatinib
taken once a day for 1 year following surgery for localized, primary GIST (≥3cm) was
compared with placebo in 713 patients. Recurrence-free survival was significantly higher in
the imatinib arm (98%) when compared with the control group (83%) (Figure 2). Although
overall survival was no different, longer follow up in this patient cohort will be needed to
determine definitively whether adjuvant imatinib can improve overall survival. The cross-
over study design may make overall survival similar between arms. In 2009, the FDA
approved imatinib for use in the adjuvant setting. In order to define the most effective length
of adjuvant imatinib therapy, the results of a recently completed randomized trial comparing
one year to three years of adjuvant imatinib are being finalized. It appears that overall
survival is longer with 3 years versus 1 year of adjuvant imatinib (45). The goal now will be
to determine which subset of patients with resectable disease will truly benefit from adjuvant
imatinib. The use of a prognostic nomogram (35) to assess risk of recurrence coupled with
mutational analysis may shed some light on this important question.
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The role of laparoscopy in the management of patients with GIST continues to expand. The
same principles of complete resection with careful intra-operative handling of tumors apply.
Laparoscopic resection of localized gastric GISTs has been studied most extensively thus
far. A recently published article from MKSCC studied patients with gastric tumors up to
8cm (46). Those undergoing laparoscopic resection had equivalent perioperative and
oncologic outcomes when compared with case–matched controls undergoing open resection.
There was no operative mortality, and 30-day morbidity was similar. Oncologic outcomes
were also similar with no positive microscopic margins, and one recurrence in each group
with a median follow-up of 34 months. Nishimura et al. reported similar results comparing
laparoscopic resection with laparotomy in 67 patients with gastric GISTs ranging from 2 to
10cm (47).

Primary unresectable disease
The role of neoadjuvant imatinib in the setting of locally advanced disease has been
investigated. The cytoreductive potential of imatinib in the pre-operative setting may enable
surgeons to obtain R0 resections with less extensive resections and therefore lower
morbidity. For example, pre-operative therapy for patients with rectal GISTs may increase
rates of sphincter-preserving surgery. In addition, tumors located at the gastro-esophageal
(GE)-junction may respond to imatinib such that esophageal resection is avoided. Both
rectal and GE-junction GISTs have shown shrinkage with neoadjuvant imatinib (48).

Recent results from a phase II trial led by the Radiation Therapy Oncology Group (RTOG)
revealed that imatinib is well tolerated in the neoadjuvant setting (49). The groups were
divided into whether disease was locally advanced and >5cm (Group A) or recurrent/
metastatic and >2cm (Group B). Imatinib administered at 600mg per day for 8 weeks pre-
operatively was followed by surgery and an additional 2 years of imatinib. This regimen was
associated with minimal toxicity and acceptable perioperative complications. Response rates
after 8 weeks of pre-operative imatinib as determined by response evaluation criteria for
solid tumors (RECIST) were similar between groups A and B (4–7% partial response, 83–
90% stable disease, and 4–5% progressive disease). The 2-year progression-free survival
rates were 83% and 77% in Groups A and B, respectively.

Another phase II trial from MD Anderson Cancer Center investigated either 3, 5, or 7 days
of neoadjuvant imatinib in 19 patients (50). All patients received 2 years of post-operative
imatinib as well. This regimen was tolerated well and response rates by FDG-PET were
69%. Median survival for patients treated in this manner was 47 months. Currently there are
no published phase III studies investigating the role of neoadjuvant imatinib. The duration of
neoadjuvant therapy and patient selection remain to be defined and are currently at the
discretion of the surgeon and medical oncologist. Current NCCN guidelines suggest that in
patients on neoadjuvant imatinib, once two successive CT scans fail to show any
radiographic response, surgical resection should be considered. Incomplete resections in
patients with advanced disease are generally only performed in the setting of palliation for
bleeding, pain, or obstruction.

Recurrent and metastatic disease
In the pre-imatinib era, the recurrence rate following resection for primary localized GIST
was greater than 50% and the median time to recurrence was 2 years (5, 32). Approximately
two-thirds of patients with recurrence have liver metastases and about half have peritoneal
disease. A true local recurrence at the site of prior resection is uncommon. Although patients
with low metastatic burden were considered for surgery, re-resection alone was almost never
curative.
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In patients who develop recurrence, imatinib is the first line of therapy. Occasionally,
patients with symptomatic primary tumors and limited synchronous metastases may be
offered surgery before imatinib. The report of successfully treating a patient with metastatic
GIST with imatinib (51) spurred a series of clinical trials. Up to 80% of patients with
metastatic GIST attain a partial or complete response with imatinib (52). A recent meta-
analysis of two, large, randomized studies (53, 54) comparing the efficacy of imatinib given
either once (400mg) or twice daily, revealed that the higher dose confers a progression-free
survival advantage among patients with exon 9 mutations (55). Overall survival however is
unchanged with the higher dose. Since the toxicity of imatinib is dose dependent (56),
current guidelines suggest initiating treatment at a dose of 400mg per day. Imatinib at
800mg per day should only be considered as a starting dose for patients with metastatic
GIST and a confirmed mutation in exon 9. In patients on 400mg per day, dose escalation to
800mg is considered if progression has been documented and toxicity is acceptable. A
summary of imatinib trials conducted in metastatic GIST is shown in Table 2.

In an effort to improve outcomes in patients with advanced disease, several investigators
have looked at combining surgery with imatinib. The rationale for this is based on the fact
that a complete pathologic response to imatinib occurs less than 5% of the time. Surgery in
patients responding to medical therapy can therefore provide the only chance to render them
completely free of disease (57, 58). With imatinib, the median survival following surgery for
recurrent or metastatic disease has increased from 12–15 months to almost 5 years (53).

Timing of resection and patient selection based on pre-operative response to imatinib appear
to be critical determinants of outcome. At MSKCC, patients are generally treated with
imatinib for about 6 months, after which incremental shrinkage is uncommon. Then surgery
is considered (59). Those who had lesions that were stable or responsive to imatinib had a 2-
year progression-free survival of 61% and 2-year overall survival of 100% after surgical
resection. In contrast, patients with focal resistance or multiple lesions that were resistant to
imatinib did considerably worse with 2 survival of 36%. A similar study in 67 patients by
Raut and colleagues confirmed that debulking surgery has little to offer patients with
progressive metastatic disease, but may prolong survival in those who are either responsive
to imatinib or have limited radiographic progression (60). Twelve-month progression-free
survival was 80%, 33%, and 0% for patients with stable disease, limited progression, and
widespread progression. A study by Gronchi et al., confirmed that surgery may be of value
to a select subset of patients who develop responsive or stable disease while on pre-
operative TKI therapy (61). The recommended time course of pre-operative therapy in
patients who are responding to imatinib is not well established. Most experts would consider
surgery after 6–12 months of medical therapy given the estimated time for development of
secondary mutations is two years (62). ACOSOG and the EORTC have attempted
unsuccessfully to assess the efficacy of surgery for locally advanced or metastatic GIST in
combination with continued TKI therapy.

Other treatment options for patients with advanced disease include radiofrequency ablation
(RFA), hepatic artery embolization, and liver transplantation. RFA is typically reserved for
patients with unresectable liver disease. Select patients with multiple liver metastases can
undergo combined resection with RFA. The use of hepatic artery embolization is reserved
for patients with significant metastatic disease burden who have failed multiple TKIs (63,
64). There have been only a handful of case reports of patients undergoing liver
transplantation for metastatic GIST (65). As such, the role of transplantation in the setting of
metastatic disease remains uncertain.
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Imatinib resistant disease
Primary resistance to imatinib is demonstrated by the development of radiographic
progression during the first 6 months of treatment. It is important to note that size is not the
sole criteria by which radiographic response is measured. GISTs can develop areas of
necrosis while maintaining the same size and appearance on CT scan. In the absence of
progressive disease, traditional RECIST criteria may be of limited utility in assessing
response to TKI therapy (66). The best available option at this time may be to use modified
RECIST criteria, where tumor density in addition to size is measured by CT scan (67).
Determination of responsive disease may sometimes require functional assessment of
tumors using PET.

The presence and location of mutations in KIT and PDGFRα can provide insight into the
mechanism of resistance. WT GISTs, or those that contain mutations in exon 9 of KIT or a
D842V mutation in PDGFRα, are likely to demonstrate primary resistance. Secondary
resistance occurs later in the course of imatinib therapy (>6 months) most often as the result
of a second mutation in the kinase domain of KIT or PDGFRα (68–70). Most GISTs that
develop secondary resistance to imatinib have a primary mutation in KIT exon 11 and then
develop an exon 13, 14 or 17 KIT mutation.

The second line agent for patients with imatinib-resistant disease is sunitinib (71). Sunitinib
targets KIT and PDGFRα, as well as the vascular endothelial cell growth factor receptor
(VEGFR), fms-like tyrosine kinase 3 (Flt3) receptor, and the RET receptor. In patients with
advanced disease resistant to imatinib, sunitinib is a safe and effective second line agent
(72). Patients randomized to the sunitinib arm had a median time to progression of 7 months
compared with 1.5 months for patients in the placebo arm. Tolerability was acceptable with
the most common side effects being fatigue, diarrhea, skin discoloration, and nausea. Raut et
al. investigated the effect of surgery in patients with advanced disease resistant to imatinib
(73). Fifty patients underwent surgery after a median time of 6.7 months on sunitinib
therapy. Median progression-free survival after surgery was 6 months and overall survival
was 16 months. Response to sunitinib at the time of surgery did not correlate with post-
operative progression-free survival. Incomplete resections and complication rates were
relatively high at 50%. The potential benefits of surgery for patients with advanced disease
on 2nd line TKI therapy needs to be weighed carefully against the risks on an individual
basis.

Options for patients with disease refractory to imatinib and sunitinib are limited. While
several third line agents such as sorafenib, nilotinib, dasatinib, and most recently vatalanib
(74) have been used in small numbers of patients, there is no clear optimal third line agent.
Partial responses and stable disease in patients treated with sorafenib have been reported
(75, 76). A phase III trial from the Cancer and Leukemia Group B is underway and
compares sorafenib with nilotinib in patients with GIST resistant to imatinib and sunitinib.

Pediatric GIST
Pediatric GISTs are different from those occurring in the adult population. In contrast to
adult GISTs, pediatric GISTs are more indolent, display higher rates of recurrence, and are
more common in girls (37). Mutations in KIT and PDGFRα are uncommon in the pediatric
population and most patients are WT for both proto-oncogenes (4). As a result, response
rates to imatinib in this population are much lower when compared with adults. A recent
study reported that SDH might play an important role in the oncogenesis of WT GISTs in
younger patients (30). Surgery remains the only chance for cure in the children. A complete
mutational analysis including SDH and referral to a specialty center and the NIH pediatric
GIST clinic is recommended for pediatric patients diagnosed with GIST.
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Familial GIST
Familial GISTs are characterized by germline mutations in either KIT or PDGFRα. Patients
often present with associated abnormalities such as skin hyperpigmentation and a history of
irritable bowel syndrome. Tumors tend to be multifocal, occur more commonly in the small
bowel, and frequently have a low mitotic rate. Unlike sporadic GISTs, the type of mutation
does not seem to impact the clinical course (77). Response to TKIs is uncertain.

Future strategies
Novel approaches aimed at enhancing response rates and reducing recurrence include
combining TKI therapy with radiotherapy (78). Phase II trials are underway combining
sunitinib with radiation in patients with progressive disease on imatinib. While
investigational third line TKIs such as nilotinib, dasatinib, sorafenib, and vatalanib have
shown some promise in patients with disease refractory to imatinib and sunitinib, additional
targets of the oncogenic pathway are needed. Phase III trials are underway looking at the
efficacy of other pathways such as mammalian target of rapamycin (mTOR) and heat shock
proteins. With the recent discovery that BRAF mutations exist in a subset of patients with
WT GISTs (21), the use of BRAF inhibitors are also being investigated.

Another innovative strategy that may show promise involves combining TKI therapy with
immunomodulation. In a murine model, we recently found that part of imatinib’s effects on
GIST are mediated by the immune system. The mechanism depended on imatinib lowering
tumor production of indoleamine 2,3-dioxygenase (IDO), an immunosuppressive protein
that blocks T cell function (79). The addition of ipilimumab (Yervoy) to TKI therapy may
further enable tumor-specific T cells to kill GIST.

Summary
The goals in treating patients with GIST are to maximize the chance of cure, minimize
recurrence, and limit the metastatic burden while maintaining a reasonable quality of life. As
such, a multidisciplinary approach to patients with GISTs is necessary to optimize the
timing of medical and surgical therapy. An evidence-based treatment algorithm is outlined
in Figure 3.
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Figure 1. Nomogram for predicting 2 and 5-year recurrence-free survival in patients with
resected localized GIST
An upward vertical line is drawn from the 2nd, 3rd, and 4th rows to the points line. The sum
of points generated is marked on the total points line and a vertical line is drawn downward
to determine the 2 and 5-year recurrence-free survival. From Gold JS, Gonen M, Gutierrez
A, et al. Development and validation of a prognostic nomogram for recurrence-free survival
after complete surgical resection of localized primary gastrointestinal stromal tumor: a
retrospective analysis. Lancet Oncol 2009;10:1045–1052; with permission.
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Figure 2. Recurrence-free survival in patients treated for 1 year with adjuvant imatinib or
placebo following resection of localized, primary GIST (≥3cm)
From DeMatteo RP, Ballman KV et al. Adjuvant imatinib mesylate after resection of
localised, primary gastrointestinal stromal tumour: a randomised, double-blind, placebo-
controlled trial. Lancet 2009; 373(9669): 1097–1104; with permission.
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Figure 3. Algorithm for the management of GIST
RFA = Radiofrequency ablation. * If all gross disease or all imatinib-resistant disease is
treatable.
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