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Abstract

GIST is the most frequent mesenchymal tumor in the digestive tract. Imaging
modalities comprising of ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI), and positron emission tomography/computed tomog-
raphy (PET/CT) are routinely used for management of tumor. We focus on diag-
nosis of staging, recurrence, and monitoring.
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4.1 Introduction

In 1983, Mazur and Clark defined the gastrointestinal stromal tumor (GIST) as a
characteristic subgroup of gastrointestinal mesenchymal tumors unclassified as
deriving from neural or smooth muscle [1]. Kindblom et al. hypothesized that these
tumors may arise from Kahal’s stromal cells in the normal intestinal plexus [2]. This
hypothesis was confirmed by Hirota et al. in 2000 [3]. Nowadays, based on patho-
logical features, GIST is defined as a mesenchymal tumor of the gastrointestinal
tract that expresses positive for KIT (CDI17), the c-kit receptor tyrosine kinase.
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GIST is the most frequent mesenchymal tumor in the digestive tract. Despite
accounting for only about 3% of all malignant tumors of the stomach, GIST is the
most frequent in malignant tumors of small bowel and accounts for 20%. It occurs
in the stomach (60-70%), small intestine (20-25%), rectum, esophagus, colon, and
appendix.

Approximately 95% of GIST is positive for KIT. The mutation of KIT leads to
activation with the receptor dimerization independent of the ligand of KIT tyro-
sine kinase. These mutations are confirmed in more than 80% of GIST, and most
of the mutations occur in the vicinity of the membrane encoded by exon 11.
Mutations may also occur at exons 9, 13, 17 or platelet-derived growth factor
receptor (PDGFR). At a response rate of 85%, they show significant clinical
response to imatinib therapy. Sunitinib therapy is the second molecular-target
therapy, which is a multi-target tyrosine kinase inhibitor of KIT and PDGFR.

Most of GISTs can be diagnosed on KIT immunoreactivity. However, some
neoplasms show weak or negative KIT expression [4]. They are very rare,
accounting for less than 5% of all GISTs [5] and usually occur in the stomach,
omentum, or mesentery. The cytogenetic analysis revealed the existence of
mutations of the platelet-derived growth factor receptor « (PDGFRA) gene
which was also the product of the c-kit proto-oncogene in KIT-weak or KIT-
negative GISTs [6].

4.2  Staging

Staging of GIST differs between gastric GIST and small intestinal GIST. In stage
I-1I1, both gastric GIST and small intestinal GIST are classified in accordance with
the size of tumor and mitotic rate (histologic grade).

4.2.1 Staging of Gastric GIST

Stage I is divided into stage I,A and stage I,B, depending on the size of tumor in the
greatest dimension under the condition of mitotic rate 5/50 per high-power field
(HPF) or less. Stage I,A: the size of tumor is not more than 5 cm. Stage I,B: the size
of tumor is more than 5 cm but not more than 10 cm. In stage II, the size of tumor
in greatest dimension is more than 10 cm under the condition of mitotic rate 5/50
per HPF or less, or the size of tumor is not more than 5 cm under the condition of
mitotic rate >5/50 HPF. Stage 111 is divided into stage III,A and stage III,B depend-
ing on the size of tumor in the greatest dimension under the condition of mitotic rate
>5/50 HPFE. Stage IILLA: the size of tumor is more than 5 cm but not more than
10 cm. Stage III,B: the size of tumor is more than 10 cm. In stage IV, gastric GIST
has at least one lymph node metastasis and/or distant metastasis regardless of the
size of tumor and mitotic rate.
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4.2.2 Staging of Small Intestinal GIST

In stage I, the size of tumor in greatest dimension is not more than 5 cm under the
condition of mitotic rate 5/50 per HPF or less. In stage I, the size of tumor in great-
est dimension is more than 5 cm but not more than 10 cm under the same condition.
Stage I1I is divided into stage III,A and stage III,B, depending on the size of tumor
in greatest dimension and mitotic rate. Stage III,A: the size of tumor is more than
10 cm under the condition of mitotic rate 5/50 per HPF or less. Stage III,B: the size
of tumor is more than 2 cm but not more than 10 cm under the condition of mitotic
rate >5/50 HPE. In stage IV, small intestinal GIST has at least one lymph node
metastasis and/or distant metastasis regardless of the size of tumor and mitotic rate.

4.3  Primary Tumor

Computed tomography (CT) and magnetic resonance imaging (MRI) are well-
accepted methods for diagnosis and staging of GISTs [7-11].

43.1 CT

CT allows precise assessment of tumor morphology, composition, location, and
extent. Relevant anatomy is well visualized on axial, coronal, and sagittal images as
well as any oblique planes provided by multiplanar reconstruction or reformatting.
CT features of GIST show various findings depending on the size and aggressive-
ness of the tumor [12, 13]. On unenhanced CT, GISTs typically show isodense to
normal muscle, and enhancing masses on contrast-enhanced CT (Fig. 4.1).
Heterogeneous enhancements are often observed because of necrosis, hemorrhage,
or cystic degeneration [7—11]. Intralesional calcifications are sometimes confirmed
as clinicopathologic feature of GISTs and CT is superior to MRI in detecting them.
The calcifications within GISTs distribute circumscribed and patchy. They are
thought to be caused by previous bleeding or tumor necrosis with cystic degenera-
tion [8]. Time density curve of contrast-enhanced CT demonstrates optimal timing
of scan delay (Fig. 4.2). Dynamic contrast-enhanced CT images provides informa-
tion of tumor vascularity and blood flow; i.e., kl-k4 and areas under the curve
(AUCQ), being calculated by two- or three-compartment model.

GISTs usually oppress and displace adjacent structures, and the direct invasion
is sometimes observed with advanced disease. In the case of large GIST, the origin
is difficult to be identified due to its prominent extraluminal location. Small GISTs
usually show endoluminal and polypoid appearance, and are homogenous.

Tateishi et al. reported that the CT findings, including lesion larger than
11.1 cm, irregular surface, unclear boundary, presence of invasion, heteroge-
neous enhancement, hepatic metastasis, and peritoneal dissemination, were more
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[F-18]FDG PET fusion

Fig.4.1 A man of 50 years with gastric GIST. Tumor greater than 11 cm in the long axis demon-
strates heterogeneous enhancement on axial contrast-enhanced CT (a, b: arrow). Axial T2-weighted
MR image shows heterogeneous hypersignal intensity relative to muscle (¢, arrow). Tumor shows
heterogeneous enhancement on gadolinium-enhanced T1-weighted MR image (d, arrow). [F-18]
FDG PET/CT reveals high avidity of tumor (e-g, arrow)

often found in high-grade GISTs and were associated significantly with decreased
survival. Especially, a lesion larger than 11.1 cm, wall invasion of the target
organ, and hepatic metastasis identified on CT images had a significant effect on
prognosis [14].

4.3.2 MRI

MRI allows tissue characterization, accurate assessment of tumor extent, dif-
ferentiation from structures, information of blood flow, diffusion capacity,
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Fig.4.2 Time density curve after administration of contrast media on CT. The curve shows maxi-
mal density at peak time after intravenous administration of contrast media. After delayed phase,
tumor density decreases to blood concentration. AT appearance time of contrast media, MTI/E
mean transit time of enhancement

texture features, and specification of metabolites within tumors. On unenhanced
MRI, GISTs appear as isointense to normal muscle on T1-weighted images and
hyperintense on T2-weighted images, and moderately or mildly enhanced.
Reflecting intralesional necrosis or hemorrhage, a heterogeneous pattern of
enhancement is more common on contrast-enhanced MRI, similar to CT
(Fig. 4.1). Following MRI findings must be collected for differentiation of
tumor: tumor size, location, types of margin and contours, internal architecture,
tumor capsule, signal characteristics, and heterogeneity. On gadolinium con-
trast-enhanced studies, the extent (none/weak or pronounced), pattern (punctate
or diffuse), and homogeneity after administration are also recorded for assess-
ment. However, gadolinium enhancement pattern of GIST is similar to those of
contrast-enhanced CT.

Yu et al. reported that the features of small GISTs were round shape with a
homogeneous enhancement pattern, and large GISTs had a lobulated shape, hetero-
geneous enhancement pattern, and intratumoral cystic change [15]. They also found
that the prevalence of intratumoral cystic change was significantly higher in the
moderate to high risk group than in the very low to low risk group, and the intratu-
moral cystic change seen on MR images correlated with tumor necrosis, hemor-
rhage at pathologic examination. Atypical GIST with KIT-weak or KIT-negative
often showed a large extraluminal mass with heterogeneous lesion containing cystic
regions and soft tissue elements in CT and MRI images. However, it is impossible
to diagnose atypical GISTs from conventional GISTs, because these findings are
not specific [16].
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4.3.3 Positron Emission Tomography/Computed Tomography
(PET/CT)

Functional imaging methods, especially [F-18] fluorodeoxyglucose—positron
emission tomography/computed tomography ([F-18] FDG -PET/CT), had played a
pivotal role in the management of GIST, which can provide the information of meta-
bolic activity in addition to morphologic features (Fig. 4.1). The uptake of GIST
exhibits various patterns and intensity in PET/CT with [F-18] FDG. Malignant cells
are frequently associated with increased metabolic activity. [F-18] FDG, which
accumulates in proportion to the glucose metabolism, is the PET tracer most com-
monly used in oncology. [F-18] FDG uptake is generally higher in malignant lesions
than benign ones, while it is also seen in inflammatory changes or fractures. Miyake
et al. classified the uptake pattern of GIST into four patterns (“Ring-shaped” was
defined as round or semi-round uptake with an apparent central uptake defect,
“Homogeneous/diffuse” was defined as fairly uniform uptake covering almost the
entire tumor, “Heterogeneous/partial” was defined as inhomogeneous or deficient
uptake, and other than above is “unclassified”) and scored the uptake intensity on a
four-point scale (“faint-to-none” for uptake less than background hepatic uptake,
“mild” for uptake similar to liver uptake, “moderate” for uptake moderately greater
than hepatic uptake, and “intense” for intense uptake equal to or greater than brain
uptake). Then, they investigated the correlation between the uptake pattern or uptake
intensity and recurrence-free survival (RFS). As a result, ring-shaped uptake was
significantly associated with lower RFS compared to those with the other uptake
patterns. Intense uptake also had a significant association with lower RFS [17].
Recently, PET/MRI has been introduced and used in the assessment of malignan-
cies including GIST. [F-18] FDG PET/MRI possesses highly diagnostic perfor-
mance. MRI also provides the reduction of radiation exposure, especially pivotal in
younger patients. However, PET/MRI has the disadvantages of longer examination
times, the difficulty in evaluating lung lesions and metallic artifacts.

4.4 Metastases

The most common metastatic site is liver, detected in 70% of patients followed by
the peritoneum, whereas, bone, lung, and lymph nodes are low frequency as a site
of metastasis [13, 18]. Liver metastases show various appearances that resemble
primary lesions. On CT images, they are often multiple and appear low density
mass with peripheral enhancement reflecting necrosis at the center and peripheral
solid component. Enhancement pattern on CT depends on scan delay after intrave-
nous administration of contrast agent. When we stratify by hepatic metastasis of
GIST, hepatic blood flow affects flow-through pattern of contrast medium. Patterns
of contrast enhancement depend on flow-through pattern (Figs. 4.3 and 4.4).
Therefore, optimal timing has to be determined in order to detect more precisely
based on time density curve (Fig. 4.2). Metastasis sometimes shows the variegated
appearance due to protein material, bleeding, and calcification [19]. Although
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Fig. 4.3 Schematic compartmental model of contrast medium flow-through pattern. Hepatic in-
flow consists of portal vein and hepatic artery as wash-in. Administered contrast media reaches to
liver mostly via portal vein at 40-60 s. Contrast media doesn’t retain intravascular space and move
to interstitial space at 150 s. Finally, out-flow consists of hepatic vein and lymphatic vessels as
wash-out
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Fig. 4.4 Dynamic contrast-enhanced CT series in a man of 60 years with hepatic metastases of
GIST. Visual assessment of tumor density relative to normal parenchyma and the numbers of
detected hepatic metastases are presented. Image obtained at 70 s reveals maximal number of
lesions compared to other phases. Optimal CT timing is important to assess hepatic metastasis of
GIST on dynamic contrast-enhanced CT

gadolinium enhancement pattern of GIST is similar to those of contrast-enhanced
CT, MRI using super paramagnetic iron oxide (SPIO) provides us to visualize meta-
static liver tumor. SPIO is usually distributed in blood and Kupffer cell after intra-
venous administration. Hepatic metastasis is hypersignal relative to adjacent normal
liver tissue on T2-weighted MR images. Hepatocyte specific contrast agent has been
used for differentiation from hepatocellular carcinoma. Peritoneal lesions often
show large discrete masses that appear similar to the primary tumor. Most of the
peritoneal spread is caused by the tumor seedling during surgery and biopsy [20].
The lymph node metastases of GIST patients are believed to be 1-4% [21, 22].
However, pediatric and young adult patients have higher frequency. Agaimy and
Peter reported that the lymph node metastases were observed in approximately 20%
of patients £40 years. In addition, the frequency of lymph node metastasis varies
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depending on the primary site [23]. Gong et al. reported that the most notable factor
of the lymph node metastasis is the location of the primary tumor. Out of five adult
patients, four patients’ primary tumors were located at very uncommon places as
prostate, duodenum, right ovary, and esophagus, only one is in stomach [24].

Gayed et al. compared the performance (true-positive, true-negative, false-
positive, and false-negative findings) of [F-18] FDG PET and CT on the pretherapy
scans. The sensitivity and positive predictive values were 93% and 100%, respec-
tively, for CT and 86% and 98%, respectively, for [F-18] FDG PET. There was no
statistical difference between CT and [F-18] FDG PET in the sensitivity or positive
predictive values [25].

4.5 Monitoring Tumor Response

Conventional methods to monitor treatment response are based on the size reduc-
tion on CT. However, the changes of tumor metabolism often occur early during
therapy and precede size reduction of the tumor. The quantification of tumor glu-
cose metabolism is highly accurate for monitoring effects of chemotherapy. Choi
et al. reported criteria based on contrast-enhanced CT with special reference to
[F-18] FDG PET [26]. They suggested cutoff of tumor response with 10% change
of maximal perpendicular diameter or 15% change of CT. However, change of CT
density depends on scan delay, concentration of contrast media, bolus of contrast
media, blood flow, and body weight (Fig. 4.5). The reduction of [F-18] FDG uptake

AHU
™ 22 28%\ PR

@ 3 4% SD

Fig. 4.5 Response assessment of two hepatic metastases on contrast-enhanced CT. One hepatic
metastasis (©) shows 28% decrease of Hounsfield unit after 2 cycles of imatinib therapy and this
lesion indicates partial response on Choi’s criteria. In contrast, the other hepatic metastasis (@)
demonstrates only 4% decrease of Hounsfield unit after 2 cycles of imatinib therapy with stable
disease. Response assessment only by change of density has possibility to lead to inaccurate con-
clusion. General evaluation is needed for accurate response assessment. Pre baseline, 2cy after 2
cycles, AHU change of Hounsfield unit, PR partial response, SD stable disease
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Fig. 4.6 Monitoring of response of gastric GIST. Typical responder shows parallel decrease in
SUV, TLG, size, and volume during the course of disease. Metabolic response by [F-18] FDG
PET/CT usually precedes morphometric changes of CT. SUV standardized uptake value, TLG total
lesion glycolysis

between pre- and post-chemotherapy has a relationship with histological change,
often prior to morphologic changes on conventional imaging (Fig. 4.6). Fuster et al.
evaluated the role of [F-18] FDG PET in assessing 21 patients with locally advanced
and/or metastatic GIST refractory to high-dose imatinib treated with doxorubicin.
Of 21 patients, 6 patients had partial response by [F-18] FDG PET obtained after
2 months of treatment, 9 showed stable disease, and 6 showed progression of dis-
ease based on European Organization for Research and Treatment of Cancer
(EORTC) criteria. There was a significant correlation between PET response and
progression-free survival (PFS) [27].

Prior et al. assessed tumor metabolism with [F-18] FDG PET before and after
the first 4 weeks of sunitinib therapy in 23 patients who received 1-12 cycles of
sunitinib therapy (4 weeks of 50 mg/day, 2 weeks off). They evaluated treatment
response with the percent change in maximal standardized uptake values (SUV).
Using —25% and +25% thresholds for SUV variations from baseline, early [F-18]
FDG PET response was stratified in partial response (PR), stable disease (SD), or
progressive disease (PR). The median PFS rates were 29 weeks in PR, 16 weeks
in SD, and 4 weeks in PR, respectively. Similarly, when a single [F-18] FDG PET
positive/negative was considered after 4 weeks of sunitinib, the median PFS was
29 weeks for SUVs less than 8 g/mL versus 4 weeks for SUVs of 8 g/mL or
greater. Multivariate analysis showed shorter PFS in patients who had higher
residual SUVs and PFS was correlated with early [F-18] FDG PET metabolic
response [28].
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4.6 Conclusion

Despite computed tomography (CT) and magnetic resonance imaging (MRI) are
well-accepted methods for diagnosis and staging of GISTs, the findings obtained
from these modalities are not specific. However, several papers reported the CT and
MRI features indicating a benign and malignant tendency.

Although GISTs also show non-specific findings on [F-18] FDG PET, it has a
significant role in monitoring tumor response during imatinib and sunitinib therapy.
The prognosis of GIST patients has a high correlation with the remnant and decrease
of SUV values. Especially, it is useful to be able to evaluate tumor response to
therapy at an early stage.
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