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Summary

Gastrointestinal stromal tumors (GIST) constitute 1-3% of all gastrointestinal
malignancies and is the most common mesenchymal tumor of the gastrointestinal tract.
Although GIST were first described in the literature in the year 1941, important advances
of kit mutation and tyrosine kinase inhibitors were not made to understand and manage
GIST until the last decade. Here current advances in research of possible cellular origin,
diagnostic biomarkers and prognostic factors of primary GIST are reviewed, and the
management of primary duodenal GIST is focused on due to its specific location. It is
possible that personalized assessment and therapy will turn out to be another milestone for
primary GIST.
Keywords: Gastrointestinal stromal tumor, diagnostic biomarker, prognostic factor, primary
duodenal GIST

1. Introduction
Gastrointestinal stromal tumors (GIST) contribute
about 1-3% of all gastrointestinal malignancies, and is the
most common mesenchymal tumor of the gastrointestinal
tract. It can also be seen in the omentum, mesentery, and
retroperitoneum (1-3). GIST was historically classified as
smooth muscle, nerve sheath or autonomic nerve tumors
(4-11); actually GIST were first described by Golden and
Stout (12) as a set of mesenchymal tumors arising in the
bowel wall in 1941, however, until 1983 when Mazur
and Clark (13) first introduced the term "stromal tumors"
for these mesenchymal tumors, the terminology and
understanding of GIST were still in chaos. The second
milestone for GIST took place in 1998, when Japanese
researchers Hirota and his colleagues (14) presented
that most GIST possessed CD117 (c-kit) mutations
that resulted in full-length KIT proteins with ligandindependent activation, and also discovered that most
GIST were positive for CD117. The third milestone
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for GIST was the development of the tyrosine kinase
inhibitor imatinib mesylate for advanced GIST by the
end of 2000, and for primary GIST in 2009. In 2007,
due to the difference in recurrence-free survival (RFS)
between groups of imatinib mesylate and the control,
a randomized trial (American College of Surgeons
Oncology Group (ACOSOG) Z9001) was prematurely
terminated and the result promoted Food and Drug
Administration (FDA) approval of adjuvant imatinib for
primary GIST (15,16) (Figure 1).
As GIST can be divided into primary GIST and
metastatic or advanced GIST according to the disease
stage, GIST can also be divided into esophageal,
gastric, duodenal, small intestine, colon GIST etc. when
considering the location of origin, the present work will
focus on recent features for primary GIST, and special
focus will be given to the management of primary
duodenal GIST, which sometimes is a big challenge for
the surgeon.
2. The incidence and possible cellular origin of
primary GIST
2.1. The estimated incidence of primary GIST
Regarding that the primary definition of "malignant
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Figure 1. Serial milestones (A-C) of the research history of GIST, and the possible fourth milestone (D) of GIST research
in the near future.

GIST" was adopted from criteria in 1990 until it was
molecularly assessed in 1998, it was difficult to evaluate
the exact epidemiologic data of primary GIST (17).
The most dependable and exact data of incidence for
primary GIST should be from population-based studies
that verified all data of all cases of potential GIST (1821), however, there have not been international data for
the exact incidence of primary GIST.
According to published data, the estimated incidence
of GIST in the United States was approximately 5,000
new cases/year (8,22), and that was about 15.91 per
million population. The annual incidence of GIST was
13.74 per million population in Taiwan (21). In Finland
and Sweden the annual incidence of GIST was 10~20 per
million population (1,18). While the annual incidence of
GIST in the Netherlands was 12.7 per million population
(20) and the incidence of GIST in Iceland was 1.1 per
million population (19). In HongKong, the annual
incidence of GIST before and after the introduction
of CD117 was 1.1 per million population and 2.1 per
million population respectively (23) (Figure 2). The
Turkish GIST Working Group (24) also reported the
national data of 1,160 Turkish cases with a male to
female ratio of 1.22 and a mean age of 56.75 years.
2.2. The location of primary GIST in the gastrointestinal
tract
GIST contribute 1-3% of all gastrointestinal malignancies,
and they are also the most common mesenchymal tumors
of the gastrointestinal tract (1-3). Although there is a
possibility of their ubiquity, it was reported that GIST
commonly originated in the stomach (40-60%), small
bowel was the second most common site (30-40%),
followed by duodenum (about 5%), colon, rectum or
appendix (collectively 5-9.3%), and esophagus (2-3%).
It was also reported that 12.6% of GIST could arise from
omentum-peritoneum, however, GIST were extremely
rare in other abdominal locations although they could
arise anywhere besides the gastrointestinal tract from the
esophagus to the anus (24-28).
2.3. The possible cellular origin of primary GIST
GIST were historically classified as smooth muscle,
nerve sheath or autonomic nerve tumors (4-11), and since

Figure 2. Estimated annual incidence of GIST in different
countries and areas according to the literature (Ref. 1,8,18-24).

GIST are the most common mesenchymal tumors of the
gastrointestinal tract (1-3), there is a trend to conclude
that the cellular origin of GIST should be correlated to
mesenchymal cells of the gastrointestinal tract. Up until
now, is there any exact known origin of primary GIST?
In the year 1995, Huizinga JD et al. reported that
GIST might be related to the interstitial cells of Cajal
(ICC), because lots of gastrointestinal autonomic
nerve tumors (a type of GIST before the term GIST
were introduced and accepted) were positive for CD34
(29,30). Subsequently Kindblom et al. and others also
proposed that most stromal tumors originate from
a mesenchymal stem cell that differentiates toward
an ICC phenotype (31-33). Actually ICC was first
introduced by Cajal SR around 1889, and this type of
cell was located in the stroma of the villi, in Auerbach's
plexus, deep muscular plexus, circular muscular layer
of the intestine, and around the acini and blood vessels
of the pancreas, Dogiel subsequently called them
ICC. ICC was also known as pacemaker cells and
a population of cells in charge of the motility of the
gastrointestinal tract (34).
In 1998, Kindblom et al. (7) presented that most
GIST were positive for CD117(c-kit) which was first
reported by Hirota and colleagues (14). Kindblom
et al. also demonstrated that the ultrastructure and
immunophenotype of GIST were similar to that of
ICC, which provided stronger evidence for the possible
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origin of GIST from ICC or stem cells differentiating to
an ICC phenotype. In 2000, Wang Lina et al. (35) also
demonstrated that benign GIST (CD34-negative) were
composed of more mature ICC, whereas malignant
GIST were composed of dedifferentiated ICC that
expressed CD34-positive stem cells.
It seems that the possible cellular origin of
primary GIST is ICC or mesenchymal stem cells in
the gastrointestinal tract which may subsequently
differentiate to a different phenotype and stage of ICC.
3. The diagnostic biomarkers of primary GIST
There is no specified clinical presentation of primary
GIST even when the tumor reaches a size larger than 5
cm. When it is a small size, it is asymptomatic; and when
the tumor is a large size and symptomatic, the symptoms
also vary according to its location and size. The
nonspecific symptoms might include abdominal pain,
fatigue, dyspepsia, nausea, anorexia, weight loss, fever,
obstruction, and chronic or overt GI bleeding. Metastasis
can be found 10-15 years post-primary surgery to the
lung, bone or liver, however, lymph node metastasis is
rare (36,37). Sometimes it is very difficult to differentiate
GIST from other tumors, such as smooth muscle tumors,
schwannomas, desmoid fibromatosis, inflammatory
myofibroblastic tumors, inflammatory fibroid polyps,
solitary fibrous tumors, synovial sarcomas, follicular
dendritic cell sarcomas, glomus tumors, and melanomas
(38) with clinical presentation and imaging techniques,
and then diagnostic biomarkers come to be of huge
importance for diagnosis of primary GIST.
Although there is still no serum diagnostic
biomarker of primary GIST developed there are some
tissue diagnostic biomarkers. As we mentioned before
that the second milestone of GIST research is the
contribution of Hirota and his colleagues (14). They
presented that most GIST possessed CD117 mutations
that resulted in full-length KIT proteins with ligandindependent activation, they also discovered that
most GIST (95%) were positive for the KIT antibody
of CD117. This contribution is a breakthough in the
diagnosis of GIST. KIT is a member of the type III
transmembrane receptor tyrosine kinase family (39).
70-80% of GIST possess a KIT gene mutation, which
were found at exon 11(50-77%), exon 9 (10-18%),
exons 13 (1-4%) and exons 17 (1-4%) (40-46). All of
the above are the first diagnostic biomarkers.
The second diagnostic biomarker is CD34 which is
expressed in almost 80% of gastric GIST, 50% of small
intestine GIST, and 95% of esophagus and rectum GIST
(47-49).
The third diagnostic biomarker is the transmembrane
protein discovered on GIST1 (DOG1). There are
different types of commercial antibodies of DOG1, it
is reported that DOG1.1 (Stanford University Medical
Center, Stanford, California) and clone K9 DOG1
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(Novocastra antibodies, Leica Microsystems, Wetzlar,
Germany) were the most applied antibodies. Clone K9
DOG1 was found to be more useful for detecting both
KIT-positive and KIT-negative tumors, and tumors with
a spindle cell or with an epithelioid morphology. DOG1
is able to detect most CD117-positive GIST and up to
33% of CD117-negative GIST. The sensitivity of DOG1
in detecting GIST varied from 75-100% (50-52).
The fourth diagnostic biomarker is a mutation of the
platelet-derived growth factor receptor-α (PDGFRA),
about 5-7% of GIST present with mutations in the
PDGFRA gene in domains similar to those found in
the KIT gene. They were mutations in the PDGFRA
juxtamembrane domain (encoded by exon 12), the ATPbinding domain (encoded by exon 14) or the activation
loop (encoded by exon 18) (43-45,53).
The fifth diagnostic biomarker is a combination of
the above biomarkers. It was reported that a combination
of CD117 and clone K9 DOG1 antibodies can contribute
to the diagnosis of 99% of GIST cases (54). There will
be other combinations of biomarkers for diagnosis of
GIST in the future.
4. The prognostic factors of primary GIST
Definitive surgery remains the first option for primary
localized GIST that is resectable, and when it came to
the third milestone of GIST we presented before, there
were gradually adjuvant and neoadjuvant therapy with
imatinib or alternative agents for resected and advanced
GIST. However, there is an approximately 40-90%
recurrence rate after definitive surgery (54). Dematteo
RP et al. (55) reported that 127 patients with localized
GIST demonstrated a 5-year recurrence-free survival
(RFS) rate of 63% after complete resection, they also
presented that a tumor size of 10 cm, a mitotic rate of
5/50HPFs, tumor location, and intraperitoneal rupture
or bleeding contributed to the postoperative recurrence.
Thus prognostic factors become very important for both
assessing recurrence risk and the choice of adjuvant and
neoadjuvant therapy.
In 2001, The National Institutes of Health (NIH)
of the United States convened a GIST Workshop and
proposed the NIH consensus classification system (8)
(Table 1). The NIH classification was based on the
lowest level of evidence of consensus opinion, however,
Table 1. NIH classification system for prognosis of
primary GIST (2001) (Ref. 55,56)
Items
Very low risk
Low
Intermediate
High
#

Tumor size in the single
largest dimension (cm)

Mitotic count
(per 50 HPFs#)

<2
2-5
<5
5-10
>5
> 10
Any size

<5
<5
6-10
<5
>5
Any mitotic rate
> 10

HPFs: high-power fields.
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Table 2. Risk stratification system proposed by Joensuu H. (2008) (Ref. 56)
Items

Tumor size in the single largest dimension (cm)

Mitotic count (per 50 HPFs#)

Primary tumor site

<2
2.1-5
2.1-5
<5
5.1-10
Any
> 10
Any
>5
2.1-5
5.1-10

≤5
≤5
>5
6-10
≤5
Any
Any
> 10
>5
>5
≤5

Any
Any
Gstric
Any
Gstric
Tumor rupture
Any
Any
Any
Nongastric
Nongastric

Very low risk
Low
Intermediate
High

#

HPFs: high-power fields.

prognostic factors such as tumor size in the largest
dimension and mitotic count included in the system
were subsequently proved to be valuable according to
the accumulated clinical data evidence. There were four
risk categories in the system which were for prognosis
rather than for diagnosing whether the tumor was
benign or a malignant tumor (56).
With the accumulated clinical data evidence,
especially data of adjuvant and neoadjuvant therapy
with imatinib mesylate, other prognostic factors were
proposed besides the NIH consensus classification
system. In 2008, Joensuu H proposed a new risk
stratification (Table 2) in which tumor rupture and
tumor site were added for GIST. The author suggested
that the new risk stratification would be useful
in selecting adult patients for adjuvant systemic
treatments, and identify which patients are most likely
to benefit from adjuvant therapy.
Mutation status was also found to be an important
prognostic factor for GIST. It was reported that patients
with mutation in exon 11 of KIT had a better prognosis
when compared to patients with mutation in exon 9 or
KIT wild-type when they were treated with imatinib
(57). Recently, Mazurenko NN (58) reported that
patients with point mutations and duplication in KIT
axon 11 had a better prognosis than those with other
KIT mutations, and patients with a PDFGRA mutation
had a better prognosis than those with KIT mutations.
Watanabe T (59) demonstrated that the 2 year
recurrence free survival rate of patients who underwent
definitive surgery only was lower in patients who had
both 557 and 558 codon mutations than those with
either 557 or 558 codon mutations.
5. Current advances on management of primary
duodenal GIST
Primary duodenal GIST constitute about 5% of GIST
in the gastrointestinal tract (25), however, primary
duodenal GIST contribute 10-30% of all malignant
duodenal tumors (60). Since definitive surgery is the
cornerstone of treatment for primary localized GIST,

and lymphnode metastasis is very rare (61), segmental
duodenal resection with end-to-end anastomosis can
be performed on the tumor located in the D1, D3, and
D4 segments of the duodenum. However, when the
tumor locates in the D2 segment of the duodenum,
which sometimes is a big challenge to the surgeon
because the D2 segment of the duodenum is a specific
location due to the important adjacent anatomical
structures (pancreatic head, ampulla of Vater, common
bile duct, etc.), the surgeon has to decide whether
pancreatoduodenectomy or conservative surgery is to
be performed for a better outcome. Some researchers
argued that conservative surgery was safe and provided
similar oncologic outcomes as pancreatoduodenectomy,
which should be the choice in patients with GIST in the
duodenum that does not involve the pancreatic side of
the duodenum (60).
In the era of anti tyrosine kinase therapies with
imatinib mesylate or other alternative drugs, surgical
resection remains to be only considered to be curative,
however, duodenal GIST appeared to have the greatest
risk of recurrence, when compared to GIST in other
locations of the gastrointestinal tract (62). It has been
confirmed that adjuvant therapy with imatinib mesylate
can improve disease-free survival (DFS) and overall
survival (OS) of patients (16,63). Imatinib mesylate
was also recommended to be the neoadjuvant therapy
for unresectable tumor, which can decrease the
tumor size (64).Then there is a new question. Since
pancreatoduodenectomy is a complicated procedure
with a relatively higher incidence of complications, is
it possible for the patient with a large GIST in the D2
segment of the duodenum receive neoadjuvant therapy
with imatinib mesylate or other alternative drugs due to
imatinib mesylate resistance?
Unfortunately, there are no data of prospective
randomized clinical trials focusing on neoadjuvant
therapy for large GIST in the D2 segment of the
duodenum. Recently in a retrospective multi-center
study, Colombo C et al. (65) reported that neoadjuvant
therapy with imatinib mesylate might facilitate surgical
resection and increase the chance of preserving normal
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biliary and pancreatic anatomy.

8.

6. Prospects for the future
Since 1983 when the term GIST was first introduced,
there have been several important advances in GIST
research, among which have been discovery of kit
mutations and CD117 positive results in GIST as
breakthoughs. Recently DeMatteo RP (66) proposed a
concept of personalized therapy for GIST, we agree with
this concept, because there are accumulating research
data in biology, such as genetic mutations, and adjuvant
or neoadjuvant therapy with systemic medicines, such as
tyrosine kinase inhibitors. Personalized assessment and
therapy may appear to be the fourth milestone for GIST
research (Figure 1). As focusing on primary duodenal
GIST, prospective randomized clinical trials are needed
for evaluating the outcome of neoadjuvant therapy
followed by conservative surgery in patients with a large
GIST in the D2 segment of the duodenum.

9.

10.

11.
12.
13.

Acknowledgements

14.

This work was supported by the National Natural
Science Fund for Young Scholars of China (81000177,
Yuesi Zhong) and supported in part by the Japan-China
Sasakawa Medical Fellowship.

15.

References
1.

2.

3.

4.

5.

6.

7.

Miettinen M, Lasoto J. Gastrointestinal stromal tumors:
Definition, clinical, histological, immunohistochemical
and molecular genetic features and differential diagnosis.
Virchows Arch. 2001; 438:1-12.
Suster S, Sorace D, Moran CA. Gastrointestinal stromal
tumors with prominent myoid matrix: Clinicopathologic,
immunohistochemical and ultrastructural study of 9
cases of a distinctive morphologic variant of myogenic
stromal tumor. Am J Surg Pathol. 1995; 19:59-70.
R e i t h J D , G o l d b l u m J R , Ly l e s R H , We i s s S W.
Extragastrointestinal (soft tissue) stromal tumors: An
analysis of 48 cases with emphasis on histologic predictors
of outcome. Mod Pathol. 2000; 13:577-585.
Walker P, Dvorak AN. Gastrointestinal autonomic nerve
(GAN) tumor: Ultrastructural evidence for a newly
recognized entity. Arch Pathol Lab Med. 1986; 110:309316.
Herrera GA, Cerezo L, Jones JE, Sack J, Grizzle WE,
Pollack WJ, Lott RL. Gastrointestinal autonomic nerve
tumors: Plexosarcomas. Arch Pathol Lab Med. 1989;
113:846-853.
Lauwers GY, Erlandson RA, Casper ES, Brennan
MF, Woodruff JM. Gastrointestinal autonomic nerve
tumors: A clinicopathological, immunohistochemical
and ultrastructural study of 12 cases. Am J Surg Pathol.
1993; 17:887-897.
Kindblom LG, Remotti HE, Aldenborg F, Kindblom
JM. Gastrointestinal pacemaker cell tumor (GIPACT).
Gastrointestinal stromal tumors show phenotypic
characteristics of the interstitial cells of Cajal. Am J
Pathol. 1998; 152:1259-1269.

16.

17.

18.

19.

20.

21.

15

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.
Rudolph P, Chiaravalli AM, Pauser U, Oschlies I,
Hillemanns M, Gobbo M, Marichal M, Eusebi V, Höfler
H, Capella C, Klöppel G. Gastrointestinal mesenchymal
tumors ‒ immunophenotypic classification and survival
analysis. Virch Arch. 2002; 441: 238-248.
Ozgüç H, Yilmazlar T, Yerci O, Soylu R, Tümay
V, Filiz G, Zorluoglu A. Analysis of prognostic and
immunohistochemical factors in gastrointestinal stromal
tumors with malignant potential. J Gastrointest Surg.
2005; 9:418-429.
Dei Tos AP. The reappraisal of gastrointestinal stromal
tumors: From Stout to the KIT revolution Virch Arch.
2003; 442:421-428.
Golden T, Stout AP. Smooth muscle tumors of the
gastrointestinal tract and retroperitoneal tissues. Surg
Gynecol Obstet. 1941; 73:784-810.
M a z u r M T, C l a r k H B . G a s t r i c s t r o m a l t u m o r s :
Reappraisal of histogenesis. Am J Surg Pathol. 1983;
7:507-519.
Hirota S, Isozaki K, Moriyama Y, Hashimoto K, Nishida
T, Ishiguro S, Kawano K, Hanada M, Kurata A, Takeda
M, Muhammad Tunio G, Matsuzawa Y, Kanakura Y,
Shinomura Y, Kitamura Y. Gain-of-function mutations of
c-kit in human gastrointestinal stromal tumors. Science.
1998; 279:577-580.
Demetri GD, von Mehren M, Blanke CD, et al. Efficacy
and safety of imatinib mesylate in advanced gastrointestinal
stromal tumors. N Engl J Med. 2002; 347:472-480.
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, placebocontrolled trial. Lancet. 2009; 373:1097-1104.
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.
Nilsson B, Bümming P, Meis-Kindblom JM, Odén
A, Dortok A, Gustavsson B, Sablinska K, Kindblom
LG. Gastrointestinal stromal tumors: The incidence,
prevalence, clinical course, and prognostication in the
preimatinib mesylate era – a population-based study in
western Sweden. Cancer. 2005; 103:821-829.
Tryggvason G, Gíslason HG, Magnússon MK, Jónasson
JG. Gastrointestinal stromal tumors in Iceland, 19902003: The Icelandic GIST study, a population-based
incidence and pathologic risk stratification study. Int J
Cancer. 2005; 117:289-293.
Goettsch WG, Bos SD, Breekveldt-Postma N, Casparie
M , H erings RM , H ogendoorn PC. Incidence of
gastrointestinal stromal tumours is underestimated:
Results of a nation-wide study. Eur J Cancer. 2005;
41:2868-2872.
Tzen CY, Wang JH, Huang YJ, Wang MN, Lin PC, Lai
GL, Wu CY, Tzen CY. Incidence of gastrointestinal
stromal tumor: A retrospective study based on

www.irdrjournal.com

16

22.
23.

24.

25.
26.

27.

28.

29.

30.
31.
32.

33.

34.

35.
36.

37.

38.

Intractable & Rare Diseases Research. 2013; 2(1):11-17.
immunohistochemical and mutational analyses. Dig Dis
Sci. 2007; 52:792-797.
Miettinen M, El-Rifai W, H L Sobin L, Lasota J.
Evaluation of malignancy and prognosis of gastrointestinal
stromal tumors: A review. Hum Pathol. 2002; 33:478-483.
Chan KH, Chan CW, Chow WH, Kwan WK, Kong CK,
Mak KF, Leung MY, Lau LK. Gastrointestinal stromal
tumors in a cohort of Chinese patients in Hong Kong.
World J Gastroenterol. 2006; 12:2223-2228.
Bülbül Doğusoy G, Turkish GIST Working Group.
Gastrointestinal stromal tumors: A multicenter study of
1160 Turkish cases. Turk J Gastroenterol. 2012; 23:203211.
Joensuu H. Gastrointestinal stromal tumor (GIST). Ann
Oncol. 2006; 17 (Suppl 10):x280-x286.
Buchs NC, Bucher P, Gervaz P, Ostermann S, Pugin F,
Morel P. Segmental duodenectomy for gastrointestinal
stromal tumor of the duodenum. World J Gastroenterol.
2010; 16:2788-2792.
Miettinen M, Lasota J. Gastrointestinal stromal tumors
(GISTs): Definition, occurrence, pathology, differential
diagnosis and molecular genetics. Pol J Pathol. 2003;
54:3-24.
Winfield RD, Hochwald SN, Vogelet SB, Hemming AW,
Liu C, Grobmyer SR. Presentation and management of
gastrointestinal stromal tumors of the duodenum. Am
Surg. 2006; 72:719-722.
Huizinga JD, Thuneberg L, Klüppel M, Malysz J,
Mikkelsen HB, Bernstein A. W/kit gene required for
interstitial cells of Cajal and for intestinal pacemaker
activity. Nature. 1995; 373:347-349.
Zhao X, Yue C. Gastrointestinal stromal tumor. J
Gastrointest Oncol. 2012; 3:189-208.
Negreanu LM, Assor P, Mateescu B, Cirstoiu C. Interstitial
cells of Cajal in the gut − a gastroenterologist's point of
view. World J Gastroenterol. 2008; 14:6285-6288.
Sarlomo-Rikala M, Kovatich AJ, Barusevivius A, Miettinen
M. CD117: A sensitive marker for a gastrointestinal stromal
tumor that is more specific than CD34. Mod Pathol. 1998;
11:728-734.
Sakurai S, Fukasawa T, Chong JM, Tanaka A, Fukayama
M. Embryonic form of smooth muscle myosin heavy
chain (SMemb/MHC-B) in gastrointestinal stromal
tumor and interstitial cells of Cajal. Am J Pathol. 1999;
154:23-28.
Garcia-Lopez P, Garcia-Marin V, Martínez-Murillo
R, Freire M. Updating old ideas and recent advances
regarding the Interstitial Cells of Cajal. Brain Res Rev.
2009; 61:154-169.
Wang L, Vargas H, French SW. Cellular Origin of
Gastrointestinal Stromal Tumors: A Study of 27 Cases.
Arch Pathol Lab Med. 2000; 124:1471-1475.
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.
Miettinen M, Furlong M, Sarlomo-Rikala M, Burke
A, Sobin LH, Lasota J. Gastrointestinal stromal
tumors, intramural leiomyomas, and leiomyosarcomas
in the rectum and anus: A clinicopathologic,
immunohistochemical, and molecular genetic study of 144
cases. Am J Surg Pathol. 2001; 25:1121-1133.
Kirsch R, Gao ZH, Riddell R. Gastrointestinal stromal
tumors: Diagnostic challenges and practical approach to
differential diagnosis. Adv Anat Pathol. 2007; 14:261-285.

39. Tan CB, Zhi W, Shahzad G, Mustacchia P. Gastrointestinal
stromal tumors: A review of case reports, diagnosis,
treatment, and future directions. ISRN Gastroenterol.
2012; 2012:595968.
40. Corless CL, Barnett CM, Heinrich MC. Gastrointestinal
stromal tumours: Origin and molecular oncology. Nat
Rev Cancer. 2011; 11:865-878.
41. Emile JF, Brahimi S, Coindre JM, et al. Frequencies
of KIT and PDGFRA mutations in the MolecGIST
prospective population-based study differ from those of
advanced GISTs. Med Oncol. 2012; 29:1765-1772.
42. Mol CD, Dougan DR, Schneider TR, Skene RJ, Kraus
ML, Scheibe DN, Snell GP, Zou H, Sang BC, Wilson
KP. Structural basis for the autoinhibition and STI-571
inhibition of c-Kit tyrosine kinase. J Biol Chem. 2004;
279:31655-31663.
43. Blay JY. Pharmacological management of gastrointestinal
stromal tumours: An update on the role of sunitinib. Ann
Oncol. 2010; 21:208-215.
44. Blackstein ME, Blay JY, Corless C, Driman DK, Riddell
R, Soulières D, Swallow CJ, Verma S, Canadian Advisory
Committee on GIST. Gastrointestinal stromal tumours:
Consensus statement on diagnosis and treatment. Can J
Gastroenterol. 2006; 20:157-163.
45. Corless CL, Fletcher JA, Heinrich MC. Biology of
gastrointestinal stromal tumors. J Clin Oncol. 2004; 22:
3813-3825.
46. Braggio E, Braggio Dde A, Small IA, Lopes LF, Valadão
M, Gouveia ME, Moreira Ados S, Linhares E, Romano
S, Bacchi CE, Renault IZ, Guimarães DP, Ferreira CG.
Prognostic relevance of KIT and PDGFRA mutations in
gastrointestinal stromal tumors. Anticancer Res. 2010;
30:2407-2414.
47. Patil DT, Rubin BP. Gastrointestinal stromal tumor:
Advances in diagnosis and management. Arch Pathol Lab
Med. 2011; 135:1298-1310.
48. De Oliveira AT, Pinheiro C, Longatto-Filho A, Brito MJ,
Martinho O, Matos D, Carvalho AL, Vazquez VL, Silva
TB, Scapulatempo C, Saad SS, Reis RM, Baltazar F. Coexpression of monocarboxylate transporter 1 (MCT1)
and its chaperone (CD147) is associated with low
survival in patients with gastrointestinal stromal tumors
(GISTs). J Bioenerg Biomembr. 2012; 44:171-178.
49. Perez D, Demartines N, Meier K, Clavien PA, Jungbluth
A, Jaeger D. Protein S100 as prognostic marker for
gastrointestinal stromal tumors: A clinicopathological
risk factor analysis. J Invest Surg. 2007; 20:181-186.
50. West RB, Corless CL, Chen X, Rubin BP, Subramanian
S, Montgomery K, Zhu S, Ball CA, Nielsen TO, Patel
R, Goldblum JR, Brown PO, Heinrich MC, van de Rijn
M. The novel marker, DOG1, is expressed ubiquitously
in gastrointestinal stromal tumors irrespective of KIT or
PDGFRA mutation status. Am J Pathol. 2004; 165:107113.
51. Miettinen M, Wang ZF, Lasota J. DOG1 antibody in the
differential diagnosis of gastrointestinal stromal tumors:
A study of 1840 cases. Am J Surg Pathol. 2009; 33:14011408.
52. Espinosa I, Lee CH, Kim MK, et al. A novel monoclonal
antibody against DOG1 is a sensitive and specific marker
for gastrointestinal stromal tumors. Am J Surg Pathol.
2008; 32:210-218.
53. Belinsky MG, Skorobogatko YV, Rink L, Pei J, Cai KQ,
Vanderveer LA, Riddell D, Merkel E, Tarn C, Eisenberg
BL, von Mehren M, Testa JR, Godwin AK. High density

www.irdrjournal.com

Intractable & Rare Diseases Research. 2013; 2(1):11-17.

54.

55.

56.
57.

58.
59.

60.

DNA array analysis reveals distinct genomic profiles
in a subset of gastrointestinal stromal tumors. Genes
Chromosomes Cancer. 2009; 48:886-896.
Rossi CR, Mocellin S, Mencarelli R, Foletto M, Pilati P,
Nitti D, Lise M. Gastrointestinal stromal tumors: From
a surgical to a molecular approach. Int J Cancer. 2003;
107:171-176.
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.
Joensuu H. Risk stratification of patients diagnosed
with gastrointestinal stromal tumor. Hum Pathol. 2008;
39:1411-1419.
Heinrich MC, Corless CL, Demetri GD, et al. Kinase
mutations and imatinib response in patients with
metastatic gastrointestinal stromal tumor. J Clin Oncol.
2003; 21:4342-4349.
Mazurenko NN. Prognostic relevance of genetic
aberrations in gastrointestinal stromal tumors. ASCO GI
Cancery Symposium. 2011; 29 (Suppl 4):49.
Watanabe T. Impact of c-kit mutations, including codons
557 and/or 558, on the recurrence-free survival after
curative surgery in patients with GIST. ASCO GI Cancer
Symposium. 2011; 29 (Suppl 4):12.
Bourgouin S, Hornez E, Guiramand J, Barbier L, Delpero
JR, Le Treut YP, Moutardier V. Duodenal gastrointestinal
stromal Tumors (GISTs): Arguments for conservative
surgery. J Gastrointest Surg. 2013; 17:482-487.

17

61. Carney JA. Gastric stromal sarcoma, pulmonary
chondroma, and extra-adrenal paraganglioma (Carney
Triad): Natural history, adrenocortical component, and
possible familial occurrence. Mayo Clin Proc. 1999;
74:543-552.
62. Emory TS, Sobin LH, Lukes L, Lee DH, O'Leary TJ.
Prognosis of gastrointestinal smooth-muscle (stromal)
tumors: Dependence on anatomic site. Am J Surg Pathol.
1999; 23:82-87.
63. Joensuu H, Eriksson M, Sundby Hall K, et al. One
vs three years of adjuvant imatinib for operable
gastrointestinal stromal tumor: A randomized trial. JAMA.
2012; 307:1265-1272.
64. Fiore M, Palassini E, Fumagalli E, Pilotti S, Tamborini
E, Stacchiotti S, Pennacchioli E, Casali PG, Gronchi
A. Preoperative imatinib mesylate for unresectable or
locally advanced primary gastrointestinal stromal tumors
(GIST). EJSO. 2009; 35:739-745.
65. Colombo C, Ronellenfitsch U, Yuxin Z, Rutkowski P,
Miceli R, Bylina E, Hohenberger P, Raut CP, Gronchi
A. Clinical, Pathological and Surgical Characteristics
of Duodenal Gastrointestinal Stromal Tumor and Their
Influence on Survival: A Multi-Center Study. Ann Surg
Oncol. 2012; 19:3361-3367.
66. Dematteo RP. Personalized therapy: Prognostic factors
in gastrointestinal stromal tumor (GIST). J Gastrointest
Surg. 2012; 16:1645-1647.
(Received December 28, 2012; Revised February 14,
2013; Accepted February 17, 2013)

www.irdrjournal.com

