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Abstract
Gastrointestinal stromal tumors (GISTs) originating in the duodenal wall constitute the most challenging localization of this
gastrointestinal neoplasm. Duodenal GISTs are relatively uncommon. The prevalence of duodenal GIST is very low, accounting
for 5% to 7% or less of all surgically resected GISTs. Most published reports on duodenal GIST are case reports or small case
series. Consequently, the unspecific clinical manifestations, radiologic diagnosis, appropriate surgical treatment, prognostic
factors, and survival constitute a subject of current controversy. This review addresses the management of duodenal GISTs
trying to establish and define surgical options according to GIST localization within the duodenum. Most articles concerning
duodenal GISTs state that unlike tumors involving other sites of the gastrointestinal tract, the optimal procedure for duodenal
GISTs has not beenwell characterized in the surgical literature. However, when carefully reviewing the published literature on the
subject, it was possible to identify common surgical approaches to duodenal GISTs which are fairly standard among different
authors. All approaches take into account the GIST localization within the duodenal wall and its anatomic relationships to decide
whether local resection or the Whipple operation should be performed. Using this knowledge, defined surgical options for
duodenal GISTs according to their localization within the duodenum are being proposed. Besides the current controversy
regarding the indications for the Whipple procedure, the other most important issue remaining to be addressed is the implemen-
tation of laparoscopic surgery for this challenging tumor.
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Introduction

Gastrointestinal stromal tumors (GISTs) are defined as mor-
phologically spindle cell, epithelioid, occasionally pleomor-
phic, and mesenchymal tumors that usually arise from the
gastrointestinal tract, express the KIT protein (c-kit), have a
positive immunohistochemistry staining for CD117, and har-
bor a mutation of a gene that encodes for a type III receptor
tyrosine kinase [1]. GISTs are known as such since 1983 [2].
In 1998, the role of c-kit in the pathology of GISTwas defined
[3], and in 2001, a major finding concerning the activity of
imatinib mesilate against GIST was reported [4]. The current
management of GIST includes surgery for local non-

metastatic tumors and a combination of imatinib and surgery
for recurrent or metastatic GIST. Indications for imatinib ther-
apy, besides recurrence and metastasis, are still controversial
[1, 5]. Recommended imaging studies include computed to-
mography (CT), magnetic resonance imaging (MRI), and pos-
itron emission tomography (PET) [5, 6]; however, CT is more
widely available and is the imaging modality of choice for
patients with suspected or biopsy-proven GIST [5]. The inci-
dence of GISTs varies from 10 to 20 cases per million people
per year [5–11]. GISTs are the most common mesenchymal
tumors of the gastrointestinal tract, accounting for 1% to 2%
of all gastrointestinal neoplasms [1–7]. GISTs can occur in
any part of the digestive tract and are more common in the
stomach (50% to 70%), followed by the small bowel (20% to
30%); colon, rectum, and appendix (0.5% to 10%); esophagus
(1%); and some rare cases of extra-gastrointestinal GISTs lo-
cated in the pancreas, gallbladder, mesentery, greater and less-
er omentum, and retroperitoneum (1.5% to 5%) [1–10].
Duodenal GISTs are relatively uncommon, and their preva-
lence is very low accounting for 5% to 7% or less of all
surgically resected GISTs. However, they represent nearly
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30% of all primary duodenal tumors [7]. Most publications on
duodenal GIST are case reports or small case series [7–21].
Consequently, the unspecific clinical manifestations, radiolog-
ic diagnosis, appropriate surgical treatment, prognostic fac-
tors, and survival constitute a subject of controversy. This
review addresses the current management of duodenal
GISTs defining surgical options according to GIST location
within the duodenum.

Biology of GIST

GISTs are neoplasms arising from the interstitial cells of
Cajal which form a cellular network around the myenteric
plexus and within the muscularis propria of the gastroin-
testinal wall [1–8]. Most GISTs are comprised of a fairly
uniform population of spindle cells (70% of cases), others
are dominated by epithelioid cells (20% of cases), and the
remainder 10% consist a mixture of spindle and epitheli-
oid cells [8, 9]. The cell morphology varies by site and by
the type of mutation of the KIT and the platelet-derived
growth factor receptors-α (PDGFR-α) genes. GISTs with
PDGFR-α mutations are nearly exclusive gastric in origin
and are mostly the epithelioid variants [10–12].
Approximately 86% to 95% stain positively for c-kit
(CD117), 80% for BCL-2, 70% to 81% for CD34, 35%
to 70% for smooth muscle actin, 10% to 38% for S-100,
and 5% or less for desmin [1–9]. A recently characterized
gene encoding DOG1 protein has been stained by the
anti-DOG1 antibody and has been found useful in staining
GISTs possessing either KIT or PDGFR-α mutations [10].
KIT mutation is an early event in GIST development [10].
Either KIT or PDGFR-α mutations are found in over 95%
of adult GISTs [10, 11]. KIT, encoded by the c-kit gene, is
a 145-kD transmembrane glycoprotein member of the
subclass III family of receptor tyrosine kinases that serves
as receptor for SCF and tyrosine kinase and is structurally
similar to PDGFRs-α and -β, colony-stimulating factor-1
receptor (CSF-1R), and FMS-like tyrosine kinase-3 (FLT-
3) [9, 10]. Mutations of the juxtamembrane domain or
exon 11 have been reported with a frequency between
20 and 92%; however, the incidence is around 66%.
Mutations in the extracellular domain or exon 9 are most
frequent in small bowel GISTs (95%) and have been
found in 10% to 18% of all cases. In approximately
10%, no KIT mutations are found even if the whole cod-
ing region is examined [10]. Most duodenal GISTs have
mutations of exon 11 (40% to 70%), and other frequently
found mutations were located on exon 9 (13% to 31%)
and exon 13 (11%). The importance of KIT mutations lies
in the prognosis associated to more aggressive mutations
such as the mutations of exon 11 which are present in

high-risk GISTs, while mutations of exon 9 have been
related to malignant GISTs [9] (Table 1).

Clinical Presentation

GISTs have been diagnosed in all-age patients, but most tu-
mors show clinical manifestations around 60 years of age.
They are more frequent in male patients (68% to 80%)
[7–21]. Because of the lack of specific clinical manifestations,
early detection of duodenal GISTs is difficult. At the time of
diagnosis, most tumors may have caused mass-related symp-
toms or anemia as a result of hemorrhage secondary to muco-
sal ulceration [13–21]. Duodenal GISTs are frequently asymp-
tomatic lesions and are discovered incidentally during radio-
logic imaging for unrelated conditions and during elective or
emergency surgery for other causes [13–23]. Duodenal GISTs
most frequently involve the second portion of the duodenum,
followed in order by the third, fourth, and first duodenal por-
tion [7–20] (Table 2). Despite the fact that the duodenum is an
uncommon location for the occurrence of GIST and the prev-
alence is around 5% or less [7, 18], some authors have

Table 1 Molecular characteristics and classification of GISTs [9]*

GIST type Comments

Sporadic

KIT mutation

Exon 11 Best response to imatinib

Exon 9 Intermediate response to imatinib

Exon 13 Sensitive in vitro, clinical responses observed

Exon 17 Sensitive in vitro, clinical responses observed

PDGFR-α mutation

Exon 12 Sensitive in vitro, clinical responses observed

Exon 18 D842V poor response, other mutations are
sensitive

Wild

Familial GIST

KIT exon 11 Skin pigmentation, urticaria pigmentosa,
mastocytosis

KIT exon 13 No skin pigmentation or mastocytosis

KIT exon 17 No skin pigmentation or mastocytosis

GISTwith
paraganglioma

Endocrine symptoms are common

Pediatric GIST

Sporadic KIT mutations less frequent than in adults

Carney’s triad Gastric GIST, pulmonary chondroma, and
paraganglioma. No KIT mutations identified

GIST related to
NF-1

No KIT mutations identified

NF-1 neurofibromatosis type 1

*After Corless CL et al.
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reported an incidence between 6 and 29% in series comprising
GISTs in all locations and series of GISTs located specifically
in the small bowel [16, 17, 19]. GISTs present with abdominal
pain, palpable abdominal mass, bowel obstruction, intussus-
ception, volvulus, perforation, and gastrointestinal hemor-
rhage [23, 29–31]. The most common symptoms of duodenal
GISTs are hemorrhage and abdominal pain [17–20].
However, many are asymptomatic (Table 3). Most duodenal
GISTs are endophytic measuring 5 cm or less and present with
upper digestive hemorrhage, either macroscopic or occult
[18–21]. Abdominal pain is more likely to be present in large
exophytic tumors and is due to mass effect and compression
on other organs [19]. According to the established criteria for
risk of progression [22] (Table 4), duodenal GISTs represent
very low risk in 8%, low risk in 31%, and high risk in 69%
[21]. At the time of presentation, most tumors are solitary
(89%) [19].

Duodenal GIST in Patients
with Neurofibromatosis Type I

GISTs have been described in the setting of Carney’s triad,
Carney-Stratakis syndrome, and neurofibromatosis type 1
(NF1) [9, 10, 21–23, 29]. Most GISTs are generally sporadic,
but 5% occur in the context of a familial syndrome and NF1
[21]. Patients with NF1 have a high risk to develop GISTs
(7%) [23]. In familial GIST, remarkable hyperplasia of the
interstitial cells of Cajal is observed in the small and large
intestines [10]. Duodenal GISTs are an uncommon occurrence
in NF1. Based on retrospective reviews and postmortem

examination studies, some have estimated that 10% to 60%
of patients with NF1 have gastrointestinal tumors, although
less than 5% actually have any associated symptomatology
[29]. In these patients, GISTs are frequently multifocal and
multiple with some tumors being benign and others malig-
nant, and they are habitually located in the small bowel, more
commonly in the ileum [23, 29–31]. NF1 is one of the most
common genetic disorders, inherited in an autosomal domi-
nant pattern with variable penetrance, and the abnormality has
been localized to the long arm of chromosome 17 (17q11.2)
[23, 29–31]. This gene encodes neurofibromin, a cytoplasmic
protein which controls cellular proliferation by inactivating
the p21 ras and the MAP kinase pathway [30]. The type of
GIST developing in NF1 results from the inactivation of
neurofibromin; since neurofibromin suppresses the ras-MAP
kinase cascade, the cause of GIST in NF1 appears to be hy-
peractivation of the ras-MAP kinase cascade [10].

Diagnosis

Endoscopy

The first and second portions of the duodenum are accessible by
conventional endoscopy. Most duodenal GISTs located within
the first and second duodenal portion can be detected with en-
doscopy [17]. At endoscopy, GISTs appear as submucosal sharp-
ly demarcated elevated tumors, occasionally ulcerated [7, 18,
21]. Sometimes, small, less than 2 cm ulcerated duodenal
GISTs have beenmistaken by the papilla of Vater, and hemobilia
has been suspected [18]. Endoscopic biopsy rarely yields a cor-
rect diagnosis and most times shows only chronic inflammation
or normal mucosa; however, some have reported an accuracy of
21% to correctly diagnose duodenal GISTs [7].

Computed Tomography

The best radiologic study to identify and diagnose duodenal
GISTs is abdominal computed tomography (CT). Practically

Table 3 Clinical presentation [7–20, 24–27]

Characteristic Frequency (%)

Asymptomatic/incidental finding 9–33

Hemorrhage and anemia 22–100

Abdominal pain 16–45

Palpable abdominal mass 4–18

Weight loss 2–14

Jaundice 9–11

Anorexia 1–9

Obstruction 1–3

Table 2 Duodenal
GISTs localization
[7–20, 24–28]

Duodenal portion Frequency (%)

First 5–25

Second 33–64

Third 22–42

Fourth 8–21

Table 4 Prognosis of primary GIST [22]

Risk Size (cm) Mitotic count (per 50 HPF*)

Very low risk < 2 < 5

Low risk 2–5 < 5

Intermediate risk < 5 6–10

5–10 < 5

High risk > 5 > 5

> 10 Any mitotic rate

Any size > 10

*HPF high-power field
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all duodenal GISTs can be detected by CT [17, 18].
GISTs are hypervascular tumors appearing as well-
defined endophytic or exophytic masses on contrast-
enhanced images, the tumor is strongly enhanced in
the arterial phase, and this enhancement may last until
the delayed venous phase [15, 32, 33]. Large tumors
tend to have mucosal ulceration and present as well-
enhanced, well-demarcated, lobulated, heterogeneous
mass which may have central necrosis and cavitation
with cystic and necrotic components combined with
intraluminal and extraluminal tumor growth [7, 17,
32–35]. Small tumors are depicted as sharply delineated
smooth oval or round homogeneous masses with mod-
erate or high contrast enhancement [15, 32, 33, 35, 36]
(Fig. 1). The CT criteria used to describe and categorize
GISTs were published by Burkill et al. [33, 37]
(Table 5). Most GISTs present as exophytic, well-de-
fined, round or oval lesions [32, 34, 37, 38].
Heterogeneous characteristics due to the presence of ne-
crosis or fluid are commonly seen in larger tumors,
compared with smaller tumors which habitually are

homogeneous masses [32–39] (Figs . 2 and 3)
(Table 6). Malignant GISTs present with distant metas-
tasis most commonly to the liver or with local invasion
of surrounding tissues and organs [32–39].

Magnetic Resonance

Magnetic resonance (MRI) is comparable with CT [17, 37].
On MRI, solid GISTs have a low signal intensity on T1-
weighted images and high signal intensity on T2-weighted
images [7, 15, 36]. Necrosis and hemorrhage within the tumor
can influence the signal intensity of MRI images [17]. The
administration of gadolinium enhances the intensity of T2-
weighted images [36].

Endosonography

This study, while not widely available, should be used to iden-
tify the exact location of the tumor within the duodenal wall
and its relationships with adjacent structures, mainly the pa-
pilla of Vater and the pancreatic head.

Fig. 1 a First portion duodenal GIST showing homogeneous
enhancement presenting in a 45-year-old woman. This tumor appeared
as a well-defined endophytic, sharply delineated smooth oval round ho-
mogeneous mass with moderate contrast enhancement. b The tumor

measured 21 mm on diameter. The patient undergone laparoscopic resec-
tion, including the first duodenal portion and part of the gastric antrum,
with a Roux-en-Y reconstruction

Table 5 Criteria of Burkill et al.
to record GISTs tomographic
characteristics [37]

Characteristic Description

Well-defined tumor margin Smooth or lobular contour without surface projections

Invasive tumor margin Defined as when soft tissue of similar attenuation to the tumor
breached an adjacent organ

Vascular encasement Present if there was no interposed fat attenuation and more than
180° contact between tumor and vessel wall

Presence of fluid, gas, or calcifications With reference to the gallbladder or urinary bladder, gas in the
bowel, and bones

Tumor homogeneity Completely uniform or not and tumor attenuation compared
with that of the liver

Evidence of bowel, biliary, or renal
obstruction and the presence of ascites

Location of metastases and the number and
attenuation of hepatic metastases
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Neoadjuvant Therapy

The first successful small molecule inhibitor was imatinib
mesilate, which was initially developed as a specific inhibitor
of PDGFR [40]. Posteriorly, it was found to be a potent inhib-
itor of wild-type KIT and various types of mutated KIT found
in GISTs [10, 40, 41]. GIST patients with mutations in exon
11 have the best response, whereas patients without either KIT
or PDGFR-α mutations do not have a response to imatinib
[40, 41]. Complete responses to imatinib have not been ob-
served in patients with GIST [40]. The first clinical report of
successful use of imatinib mesilate in the treatment of a patient
was published in 2001 [4], afterwards a rapid development of
clinical trials [41] prompted the approbation of imatinib
mesilate by the US Food and Drug Administration for the
treatment of GIST in 2002 [10]. The indications for neoadju-
vant therapy with imatinib are downsizing large GISTs in
order to attempt surgery [10, 42] and the treatment of ad-
vanced or metastatic tumors [41]. In selected cases of locally

advanced or marginally resectable primary GISTs, the strategy
of cytoreduction with neoadjuvant imatinib therapy has be-
come a common, established, and approved approach
[43–45]. The use of neoadjuvant imatinib in routine practice
associated to surgery has excellent long-term results, as has
been demonstrated by the largest trial on patients with GISTs,
of whom 10% had duodenal tumors [43].

Indications for Neoadjuvant Imatinib Therapy

Complete resection of large GISTs is sometimes difficult for
technical reasons. In such cases, neoadjuvant therapy with
imatinib has been attempted (Table 7) [19, 42, 43, 45]. The
candidates for preoperative imatinib treatment are those pa-
tients who may benefit from downstaging the tumor before
operation; this strategy is especially attractive in difficult lo-
cations such as the duodenum, mainly the second and third
portion, where resection of the primary tumor may cause sig-
nificant morbidity or functional deficits [43]. After reducing

Fig. 2 a Second portion duodenal
GIST showing heterogeneous
strong enhancement in the arterial
phase, presenting in a 40-year-old
woman. This transversal CT view
shows a heterogeneous, highly
enhanced and well-defined tumor
in the medial wall of the second
duodenal portion infiltrating the
pancreatic head. The patient was
resolved with the Whipple proce-
dure. b Lateral CT view showing
the duodenal GIST measuring
4 cm on its lateral dimension. c
Coronal view depicting the duo-
denal GISTmeasuring 3 cm on its
frontal dimension
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the size of the tumor, it would be successfully removed in 80%
or more cases [42, 43]. In series of duodenal GISTs, imatinib
was applied preoperatively with good results in patients af-
fected with large high-risk tumors who will likely undergo a
complex procedure such as pancreatoduodenectomy [19, 20].
In these cases besides reducing the tumor size and because
primary tumors are fragile and hypervascular, preoperative
imatinib therapy may decrease the risk of bleeding, postoper-
ative complications, or tumor fragility and rupture [20, 43].

Dose and Management of Neoadjuvant Imatinib
Therapy

The recommended dose of imatinib in the neoadjuvant setting
is 400 mg daily until a maximal response is attained and con-
firmed with two consecutive CT scans not showing further

tumor regression or until the surgeon deemed a radical organ
sparing resection possible, whichever condition was attained
first [42, 43]. The optimal duration of preoperative therapy
ranges from 4 to 12 months to achieve a maximal dimensional
response to imatinib. This is the time when a plateau in tumor
shrinkage is usually seen, and the risk of development of sec-
ondary resistance to therapy is still very low. At this time,
careful response assessment with CT scans should be under-
taken not to miss the timing for surgery [43]. Postoperative
imatinib adjuvant therapy should be used routinely in patients
considered for neoadjuvant therapy [43].

Surgical Treatment

Complete surgical resection is the only curative treatment for
GISTs [10, 17, 24–27, 43]. Optimal surgical treatment entails
complete removal of the tumor with clear surgical margins,
including adjacent organs [26]. Due to the absence of lymph
nodemetastasis or infiltrative submucosal growth and because
GISTs are well-encapsulated tumors that rarely have a tenden-
cy to local invasion, local excision or segmental
duodenectomy, if feasible, is sufficient and has been associat-
ed to prolonged disease-free survival [10–21, 25, 26, 28].
Surgical removal of duodenal GISTs may be accomplished
by several options ranging from minimal to major procedures

Fig. 3 a Coronal view showing a GIST in the lateral wall of the third
duodenal portion, measuring 3 cm on diameter, presenting in a 61-year-
old woman. b The tumor was well-defined, homogenous, and highly
enhanced with contrast, depicting endophytic and exophytic growth.

The patient was treated with a wedge resection leaving a large defect on
the duodenal wall; the reconstruction was achieved by a side-to-side
Roux-en-Y duodenojejunostomy

Table 6 Computed tomography characteristics described on duodenal
GISTs [32–39]

Characteristic %

Homogeneous enhancement 9–82

Heterogeneous enhancement 10–81

Round or oval shape 73–91

Lobulated shape 27

Well-defined margins 76–94

Irregularly defined margins 6–24

Invasive tumor 3–23

Exophytic growth 52–93

Endophytic growth 7–48

Mixed exophytic and endophytic growth 5–10

Mucosal ulceration 20–23

Intratumoral necrosis 65–67

Intratumoral fluid or blood 65–67

Intratumoral gas 2–13

Mural calcifications 3–11

Table 7 Indications of neoadjuvant therapy with imatinib in patients
with duodenal GIST [43–45]

-Locally advanced tumors not amenable to surgery without a mutilating
operation such as pancreatoduodenectomy

-Tumors in locations that preclude negative resection margins around the
organ of origin

-Tumors in such locations that after tumor shrinkage, a function-sparing
resection or a minimal resection such as wedge resection would be
possible
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[17, 24, 27, 28]. The approach should be dictated by the
location of the lesion within the duodenum and the ability
to achieve an R0 margin [19, 25]. Conservative surgery con-
stitutes local segmental or wedge resection and while tech-
nically feasible must be carefully evaluated due to the com-
plex duodenal anatomy and proximity to crucial structures
such as the papilla of Vater, pancreas, mesenteric vessels,
common biliary duct, and pancreatic duct [7, 19, 20, 26,
28, 30]. Consequently, local segmental or wedge resections
are most times difficult to perform, especially in the second
portion [16, 19]. In clinical practice, 20% to 86% of duode-
nal GISTs have been reported to be treated with
pancreatoduodenectomy [26]. Reported surgical options for
duodenal GISTs depend on tumor location and size (Table 8)
[15–21, 23–29, 46–53].

First Duodenal Portion

Large tumors located on the medial wall of the first duodenal
portion in close contact with the pancreatic head should be
treated by pancreatoduodenectomy [16, 19, 20, 24, 25, 27,
29, 30], while those GISTs located in the lateral wall, if less
than 2 or 3 cm, could be treated by wedge resection with
primary closure or segmental resection with primary anasto-
mosis including Billroth I procedure or Roux-en-Y
gastrojejunostomy [17, 24, 25, 27, 30, 46] (Fig. 4).

Second Duodenal Portion

The decision to perform a pancreatoduodenectomy in pa-
tients with GISTs of the second duodenal portion is influ-
enced by the relationships of the tumor with the pancreatic
head and papilla of Vater. Large or small tumors located on
the medial wall in close contact with the pancreatic head
should be treated by pancreatoduodenectomy [16, 19, 20,
24, 25, 29, 30, 42, 47, 49]. Tumors located on the lateral wall
can be submitted to local wedge resection with primary clo-
sure of the duodenal wall or distal duodenectomy including
the tumor and reconstruction with lateral or terminal anasto-
mosis between the first jejunal loop and the duodenum or
Roux-en-Y anastomosis between the duodenum and the je-
junum [15, 19, 25, 27, 29, 48] (Fig. 5). Nonetheless, the
indication of segmental or wedge resection will be dictated
by the size of the tumor and the possibility to achieve R0
resection [27]. Anecdotally, re-implantation of the papilla of
Vater in a jejunal patch during segmental resection of the
second portion of the duodenum has been described [28].
Whenever the patency of the ampulla of Vater is at risk or
when the margin of the resection is very close to this struc-
ture, a papilloplasty must be performed in order to secure
exocrine outflow through the papilla [50].Ta
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Third Duodenal Portion

Small or middle size tumors located on the medial or lateral
wall of the third duodenal portion may be treated by resection
of the third and fourth duodenal portions and primary end-to-
end or side-to-end anastomosis with the jejunum [27, 51, 52]
(Fig. 6a and b). In the case of wedge resection, primary closure
may be attempted [53]. In the case that primary closure would

not be achieved, a Roux-en-Y duodenojejunostomy could be
performed [27] (Fig. 6c and d). Large tumors located on the
medial wall and in close contact with the pancreatic head or
inf i l t ra t ing the pancreas should be treated wi th
pancreatoduodenectomy [19]. Tumors located on the lateral
wall can be submitted to local wedge resection with primary
closure of the duodenal wall or Roux-en-Y anastomosis be-
tween the duodenum and the jejunum [15, 19, 27, 29].

a b

c d

Fig. 4 Surgical procedures for
GISTs located in the first
duodenal portion (D1). a Wedge
resection with primary suture. b
Segmental resection with primary
anastomosis (including Billroth I
procedure). c Duodenal GIST
requiring extensive segmental
resection. D. Reconstruction of an
extensive first duodenal portion
segmental resection with a Roux-
en-Y gastrojejunal anastomosis

a b

Fig. 5 Surgical procedures for
GISTs located in the second
duodenal portion (D2). a Wedge
resection. b Reconstruction of an
extensive wedge resection of a
second duodenal portion GIST
with a Roux-en-Y
duodenojejunostomy
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Fourth Duodenal Portion

GISTs located on the fourth duodenal portion may be locally
resected and the intestinal transit restored by a primary end-to-
end or end-to-side anastomosis between the third duodenal
portion and jejunum [17, 23, 27] (Fig. 7). Small tumors could
be treated with wedge resection [53].

Laparoscopic Surgery

Laparoscopic surgery has been firmly established in patients
with suspected gastric GIST and has been included within
formal therapeutic strategies to treat these tumors [54].
However, laparoscopic resection of duodenal GIST has not
been established, and anecdotal experiences have been

a

b

c

d

Fig. 6 Surgical procedures for
GISTs located in the third
duodenal portion (D3). a Distal
duodenectomy including the third
and fourth portions. b
Reconstruction of distal
duodenectomy with end-to-side
duodenojejunostomy. c Wedge
resection of a third portion duo-
denal GIST. D. Reconstruction of
third portion duodenal GIST re-
section with a Roux-en-Y
duodenojejunostomy

a b

Fig. 7 Surgical procedures for
GISTs located in the fourth
duodenal portion (D4). a Distal
duodenectomy including the
fourth portion. b Reconstruction
with primary
duodenojejunostomy
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published, including two first duodenal portion GISTs treated
by wedge resection and primary closure with excellent
d i s e a s e - f r e e s u r v i v a l [ 1 7 ] . L a p a r o s c o p i c
pancreatoduodenectomy has been successfully described in
malignant pancreatic tumors and, consequently, makes sense
to use this approach to second portion duodenal tumors with
indication of the Whipple resection. Nonetheless, most au-
thors exclude duodenal GISTs from laparoscopic resection
[55].

Surgical Controversies

Ultimately, the decision to perform pancreatoduodenectomy
for duodenal GISTs depends not only on the localization but
also on the tumor size [20, 26]. Duodenal GISTs, which occur
mostly in the second duodenal portion, frequently present with
a diameter of more than 5 cm; consequently, they are more

likely to be submitted to pancreatoduodenectomy [19, 20]. In
Table 9, the differences and characteristics of GISTs subjected
to pancreatoduodenectomy and local resection are depicted.
Another subject of controversy is the necessity to perform
lymphadenectomy. Because GISTs do not spread via lymphat-
ic drainage, lymphadenectomy is not routinely performed, and
some authors who had performed lymphadenectomy found
metastasis in 2% or less [19]. Regarding the necessity of con-
comitant procedures, they should be performed in order to
completely resect the tumor [26, 27]. It has been found that
the need of additional procedures is similar in patients sub-
jected to local resection or pancreatoduodenectomy, with a
frequency ranging from 4 to 31% [19, 26].

Adjuvant Therapy

Imatinib mesilate is considered the first line of therapy for
advanced GIST, improving disease-free survival and overall
survival [4, 20, 43]. Imatinib has been approved for adjuvant
therapy in patients after resection of primary GISTs with sig-
nificant risk of recurrence (400 mg daily) [43, 56]. Sunitinib
maleate is considered second-line therapy for imatinib-
refractory GISTs [10]. Patients with high-risk tumors have a
demonstrated benefit on overall survival and disease-free sur-
vival by adjuvant treatment with imatinib for 3 years, and this
indication is the standard of care in such cases [20].

Imatinib Resistance

Initial resistance to imatinib therapy ranges from 9 to 13%
[56]. Imatinib resistance may be primary or secondary accord-
ing to the period of time from the onset of treatment to devel-
opment of metastases or local recurrence [56–59]. Early or
primary resistance develops within the first 3 months of treat-
ment in 9% to 15% of all patients; late, acquired, or secondary
resistance develops after 24 months of treatment in approxi-
mately 44% of all patients [57–59]. Some prognostic risk fac-
tors to predict the response of GISTs to imatinib have been
identified. One of the most important is the mutational status
of KIT/PDGFR-α; patients with mutations in exons 11, 13,
and 17 have a better response [57, 59]. Other genes predicting
a good response are localized in the chromosome 19p corre-
sponding to the KRAB-ZNF91 complex [58]. In patients with
primary or secondary resistance, secondary mutations in
exons 9, 11, 14, and 17 of c-kit have been identified [57].
Mutations of exons 11 and 13 are related to primary resistance,
and mutations of exons 11 and 17 associate to secondary re-
sistance [57, 59, 60]. Patients with metastatic or recurrent
GISTs initially responding to imatinib and afterwards devel-
oping resistance must undergo early surgical exploration be-
cause their chances of complete resection are higher [58–63].
The use of increased doses of adjuvant imatinib after the

Table 9 Differences and characteristics of GISTs submitted to the
Whipple procedure or local resection [7, 19, 20, 26]

Variable Local resection: wedge
or segmental

Whipple
procedure

Median age (years) 54–61 56–65

Female gender (%) 44–73 17–50

Hemorrhage (%) 24–68 16–54

Abdominal pain (%) 9–19 4–37

Obstruction (%) 3 3

Abdominal mass (%) 9 4–17

Median tumor size (cm) 3–5 6–10

First duodenal portion (%) 9–14 1–8

Second duodenal portion (%) 17–45 37–83

Third duodenal portion (%) 27–64 10–11

Fourth duodenal portion (%) 18–29 5–17

Concomitant procedures (%) 8–31 4–24

Table 10 Risk factors
and predictors for GIST
recurrence and survival
[7, 16–21, 24]

Tumor location: Stomach, small bowel,
colon, rectum, esophagus, other sites

Palpable abdominal mass

Tumor size > 10 cm

Tumor size > 5 cm

Invasion status

Spindle cell morphology

Mitotic rate > 5/50 HPF*

Mitotic rate > 10/50 HPF*

Tumor necrosis

Tumor hemorrhage

Tumor perforation

*HPF high-power fields
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second surgery increases the chance of disease-free survival
for at least 24 months, and without imatinib treatment, the
disease-free survival rarely surpasses 12 months [60, 61].
Although recommendations for adjuvant therapy have dem-
onstrated benefit with continuous therapy for 3 years [20],
probably continuous treatment despite the risk of developing
resistance in patients with malignant GISTwould prolong the
chance of disease-free survival [61]. A second generation of
tyrosine kinases inhibitors constituted by sunitinib has dem-
onstrated its utility in imatinib-resistant GISTs, particularly in
those tumors with mutations in exons 9, 13, and 14 associated
to primary resistance [64, 65]. Eventually, sunitinib develops
resistance [66, 67], and in those patients, only an aggressive
surgical approach would bring the patient a chance to over-
come the disease [66, 68]. Other available imatinib-related
medication with activity in imatinib-resistant GISTs is
nilotinib, which is also active in sunitinib-resistant tumors
[69, 70].

Prognosis

Segmental or wedge resection of duodenal GISTs when fea-
sible has been demonstrated to be sufficient and curative sur-
gical treatment, with satisfactory disease-free survival in series
composed specifically of duodenal tumors [24–28]. The prog-
nosis and risk stratification of GIST was defined based on
tumor size and mitotic index (Table 4). The survival for a
primary tumor larger than 10 cm at 5 years has been estimated
to be around 20%, whereas the survival for tumors less than
5 cm could be approximately 47% to 65% [9, 19, 24].
Specifically, patients undergoing resection of localized tumors
have an overall survival of 98% at 3 years and 89% at 5 years
and disease-free survival of 67% at 3 years and 64% at 5 years
[20]. Themitotic indexKi-67 has been linked to prognosis in a
large number of studies and should be included in the evalu-
ation of GISTs [16, 17, 24]. Even small GISTs with low mi-
totic activity may metastasize [10]. However, virtually all
GISTs are associated with some risk of recurrence, and ap-
proximately 40% to 50% of patients with potentially curative
resections develop recurrent or metastatic disease [43].
Another prognostic feature is tumor location, and habitually
primary gastric tumors have a better prognosis and are less
aggressive than those located in the small bowel or in the
rectum [9, 10, 19]. Table 10 depicts various risk factors and
predictors for recurrence described in studies of duodenal
GISTs. Despite the ample knowledge of the biology of
GISTs, these tumors behave somewhat erratically, even
among low-risk GISTs recurrences have been reported 20 or
more years after surgical resection [9]. In duodenal GISTs,
recurrences have been described in 35% to 39% patients
[21]. In high-risk tumors, recurrence is inevitable. In patients
with a follow-up longer than 2 years, recurrence has been

found in 19%, distant metastasis in 13% to 23%, local recur-
rence in 2% to 15%, and synchronous local and distant recur-
rence in 4% [19, 21]. The most common site of distant metas-
tasis is the liver [19, 21, 24].

Conclusions

Most articles concerning duodenal GISTs state that unlike
tumors involving other sites of the gastrointestinal tract, the
optimal surgical procedure for duodenal GISTs has not been
well characterized in the literature. That is because clinical
randomized trials have not been undertaken and because pub-
lished reports are mainly the experience of specialized centers.
However, when carefully reviewing the published literature
on the subject, it was found out that surgical approaches to
duodenal GISTs are fairly standard among different authors
reporting from different countries and regions of the world.
All take in account the localization of GISTwithin the duode-
num and its anatomic relationships to decide whether local
resections or pancreatoduodenectomy should be performed.
Using this knowledge, defined surgical options for duodenal
GISTs according to their localization have been proposed.
Besides the controversy regarding the indications for
pancreatoduodenectomy, probably the most important issue
remaining to be addressed is the implementation of laparo-
scopic surgery.
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