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Background: Early detection of gastrointestinal stromal tumor (GIST) liver metastases is crucial for the
management and prognosis. In our experience, GIST liver metastases can display hypermetabolism on
¥F-fluorodeoxyglucose positron emission tomography/computed tomography (*F-FDG PET/CT) and
marked enhancement on magnetic resonance imaging (MRI), which are uncommon in other tumors before
treatment. Most literature focus on the imaging evaluation, prognosis after treatment and less is known about
imaging features on both imaging methods before treatment. This study analyzes the imaging features of
newly diagnosed GIST liver metastases on ""F-FDG PET/CT and MRI, with goal of improving diagnostic
accuracy.

Methods: This retrospective study included 55 patients with pathological or radiographical confirmed
GIST liver metastases who underwent PET/CT (n=29), MRI (n=22), or both methods (n=4). PET/
CT and MRI interpretation including lesion’s morphologic features, number, density or signal intensity,
hemorrhage, cystic changes or necrosis, maximum standardized uptake value (SUV,,,) of liver metastases
and liver background on PET imaging, degree and pattern of enhancement on MRI were obtained by two
experienced nuclear medicine physicians and two radiologists respectively. Data are presented as numbers,
percentages, means + standard deviations or median (interquartile range). The correlation between diameter
and SUV,,,, of metastases, and primary tumor SUV,,, and synchronous liver metastases SUV,,, were
analyzed by Spearman’s rank test.

Results: On PET/CT visual analysis, 38.9%, 23.9%, and 37.2% of lesions showed significant
hypermetabolism, slightly higher metabolism, and equal or lower metabolism than liver, respectively. There
was a weak correlation between the diameter and SUV . of liver metastases (r=0.370, P<0.001), and a
moderate correlation between SUV, . of synchronous liver metastases and the primary tumors (=0.492,
P<0.001). On contrast-enhanced MRI, 90.8% of lesions showed heterogeneous enhancement in the arterial
phase with the variable presentation, and 74.3% had different enhancement patterns between margins and
intratumoral parenchyma.

Conclusions: Liver lesions in GIST displaying significant, slight hypermetabolism on "*F-FDG PET/

CT, marked or heterogeneous gradual enhancement within the intratumoral parenchyma with ring-like
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enhancement on MRI may denote the diagnosis of liver metastasis. However, GIST liver metastases may

also display equal or lower metabolism than liver parenchyma on PET, making small lesions more difficult to

diagnose.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most
frequent mesenchymal neoplasms of the gastrointestinal
tract, accounting for 0.1-3% of all gastrointestinal neoplasms
(1,2). GISTs mostly occur in the stomach (60-70%) and
small intestine (25-35%), and rarely in the esophagus, colon,
appendix, anus, peritoneum, mesentery, retroperitoneum,
prostate, and gallbladder (3,4). The liver is one of the
most frequent locations for GIST metastasis, and hepatic
involvement is observed in 15.9% of patients at initial
diagnosis (5). The liver is also the most common location of
recurrence after primary tumor resection (63%), and it is the
only site of recurrence in 44% of patients (6). Furthermore,
the recurrence rate after surgical resection of GIST hepatic
metastases from GIST was reported to be 70-77% (7,8).
The median disease-free period following initial resection
of liver metastasis from GIST is 17 months (8). Therefore,
close periodic follow-up during the first year after liver
metastasectomy is critical. In addition, liver metastasis
from GIST can occur more than 10 years later (25, 29,
and 32 years after resection of small intestinal, gastric, and
duodenal GIST, respectively), suggesting that a life-long
clinical follow-up should be recommended (9-11).

Liver metastasis alone is a factor that involves a
worse prognosis in GIST patients. For synchronous
liver metastasis, its early diagnosis directly affects the
determination of clinical treatment, and may require
combined multidisciplinary management from the outset.
Indeed, one study reported that liver might play a more
dominant role than lung and bone in the prognosis of
GIST patients with metastasis. Therefore, more attention
should be paid to the status of liver in diagnosis and
treatment of GIST (12). Consequently, early detection
of liver metastasis is crucial for the management and
prognosis of GIST patients. Since the associated clinical
symptoms are usually inconspicuous or nonspecific, GIST
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liver metastases are mainly detected by imaging methods.
"F-fluorodeoxyglucose positron emission tomography/
computed tomography (*F-FDG PET/CT) is a widely used
imaging modality for diagnosis, staging, efficacy assessment,
and detection of recurrence of malignant tumors, which
integrates metabolic and anatomical information. "F-FDG
PET/CT has excellent sensitivity in the detection of liver
metastases by integrating the anatomical and metabolic
activity features of liver tumors, hence providing
more accurate information than two scans performed
separately (13). Magnetic resonance imaging (MRI) is
considered the primary imaging modality of choice in
evaluating liver metastasis because of its superior soft-tissue
contrast and direct multiplanar acquisition capability, and
the lack of exposure to ionizing radiation (14). MRI and
"F-FDG PET/CT have proven valuable in the assessment
of malignant potential, response to treatment after targeted
therapy, detecting tumor recurrence, and evaluation of
prognosis in GIST (15-20). While there has been much
focus on the management, treatment response, and
prognosis of GIST liver metastasis (21-23), few studies have
examined the imaging features of GIST liver metastases,
especially using functional imaging. In our experience, the
imaging findings of GIST liver metastases have been quite
different from other common tumors such as colorectal
carcinoma, breast cancer, and lung cancer. For example,
GIST liver metastases can display different metabolic levels
on "F-FDG PET/CT and marked enhancement on MRI,
which are uncommon in other tumors before treatment.
Smaller liver metastases sometimes lack specificity in
anatomic imaging, whereas in functional imaging the
lesions sometimes appear iso- or hypo-metabolism due to
liver radiotracer activity, which may lead to misdiagnosis.
Therefore, to improve the diagnostic accuracy and reduce
the risk of missed diagnosis and misdiagnosis of GIST liver
metastases, we herein summarized the imaging features

of GIST liver metastases on *F-FDG PET/CT and MRI
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while reviewing their characteristics at the morphological,
blood perfusion, and metabolic levels. We present the
following article in accordance with the STROBE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-5181/rc).

Methods
General clinical data

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Medical Ethics board of Fujian Cancer
Hospital (No. K2022-131-01) and informed consent was
taken from all individual participants. Cross-sectional
design was used in this study. We selected all patients
eligible for this study in Fujian Cancer Hospital, then
analyzed the characteristics of GIST liver metastases such
as morphology, distribution, metabolism and perfusion,
and summarized the imaging features of GIST liver
metastases. The clinical and imaging data of all GIST
patients with suspected liver metastases on PET/CT or
MR between January 2011 and December 2021 were
retrospectively reviewed. The number of cases in Fujian
Cancer Hospital during the study period determined the
sample size. GIST patients presenting with liver metastasis
were identified. All GISTs were pathologically confirmed
by either surgery or biopsy, and all hepatic lesions were
confirmed by postoperative pathological or imaging follow-
up. The radiographic follow-up period was 6-36 months
and lesions were considered metastasis if they satisfied
one of the following criteria: (I) the lesion progressed at
subsequent follow-up radiographic examinations; (II) the
lesion decreased or increased in size or disappeared after
molecular targeted therapy; and (III) the lesion presented
visible cystic changes after targeted therapy, even if there
was no change in size. Cases were excluded if the following
situations occurred: (I) patient received targeted therapy
within 6 months of when liver metastasis was detected; (II)
patient had concurrent other malignancies; and (III) patient
had diffuse liver metastases resulting in partial lesions that
could not be evaluated.

Imaging

PET/CT imaging techniques
PET/CT imaging was performed on a Gemini TF 64 PET/
CT instrument (Philips Healthcare, Cleveland, Ohio, USA).
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The "F-FDG was generated from Sumitomo Corporation
HM-10 cyclotron, with the radiochemical purity of greater
than 95%. Patients fasted for at least 6 hours prior to PET/
CT imaging, and blood glucose levels were controlled in
the 3.9-7.5 mmol/L range. Following intravenous injection
of 185-370 MBq "*F-FDG, patients then rested quietly
for about 60 minutes. All patients were scanned on the
machine in the supine position. The acquisition parameters
of low-dose CT were 120 kV, 200 mA, matrix 512x512,
slice thickness 5 mm. Scanning encompassed from the mid-
thigh to the base of the skull. PET images were acquired
in 3D mode, with an acquisition time of 1 minute per bed
position. CT data were used for the correction of tissue
attenuation. PET and CT images, as well as fused PET/CT
images, were observed on a Philips EBW workstation.

MR imaging techniques

MRI was performed using a 1.5-T MR scanner (20 cases;
Signa Excite; GE Healthcare, USA) with an 8-channel
phased-array coil and a 3.0 T scanner (6 cases; Achieva,
Philips Healthcare, Netherlands) with a 16-channel
phased-array coil. A total of 17 patients underwent whole
abdominal MRI and 9 patients underwent upper abdominal
MRI. Routine MRI sequences included the following: a
free-breathing half-Fourier acquisition single-shot turbo
spin-echo sequence, a breath-hold T1 weighted dual fast
gradient recalled echo sequence (in-phase and opposed-
phase), a breath-hold turbo spin-echo T2 weighted fast
spin-echo sequence with fat suppression, and free-breathing
diffusion-weighted imaging with low and high b-values
(b=0, 800 s/mm’, respectively). Dynamic contrast-
enhanced MRI was performed using a fat-suppressed T'1-
weighted three-dimensional gradient echo sequence [time
of repetition/time of echo (TR/TE) =4.0-4.5/1.5-2.0 ms,
flip angle 15°, matrix 180x320, slice thickness 5.0-6.0 mm,
field of view 440x440 mm]. After intravenous injection
of 0.1-0.15 mmol/kg contrast material [Gadobenate
Dimeglumine (19 cases) or Magnevist (7 cases)] at a rate
of 2.5 mL/s, the arterial phase (25 s), portal venous phase
(60 s), and the delayed phase (180 s) images were acquired.
The hepatobiliary phase images of 6 patients were obtained
1 hour after injection.

Iimage analysis

For PET/CT imaging analysis, PET, CT, fused PET/
CT, and whole-body maximum intensity projection
(MIP) images were evaluated by two experienced nuclear
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medicine physicians using the double-blinded method. Any
discrepancies were resolved through discussion to reach
a consensus between the two physicians. The location,
morphology, size, margin, density, SUV,,, and the number
of liver metastases were recorded in detail. A region of
interest (ROI) was placed in the lesion, including the highest
radiotracer uptake area, and maximum standardized uptake
value (SUV,,,)) in the ROI was automatically calculated. The
liver background SUV_,, was obtained from measurements
in the areas of normal liver tissue beyond the lesion.
According to the uptake extent of the hepatic metastases
on PET cross-sectional imaging, lesions were divided into
the following three types: type A was defined as lesion
"F-fluorodeoxyglucose ("*F-FDG) uptake significantly
higher than liver background and could be detected clearly
in the corresponding area of MIP imaging; type B was
defined as lesion ""F-FDG uptake slightly higher than liver
background and no significant hypermetabolism or only mild
hypermetabolism could be detected on MIP imaging; and
type C was defined as lesion’s "F-FDG uptake lower than,
or comparable to the level of liver background radiotracer
activity with no hypermetabolism detected on MIP imaging.

MR images were reviewed by two experienced radiologists
using the double-blinded method. The location, morphology,
size, margin, signal intensity (T'1-weighted, T2-weighted,
and diffusion-weighted images were defined as hypo-, iso-, or
hyper-intense relative to liver parenchyma), and enhancement
pattern (defined as lower than, equal to, or higher than liver
parenchyma) of the GIST metastases were obtained using a
picture archiving and communication system (PACS, Shida
Co., Ltd., China) workstation.

Statistical analysis

Statistical analyses were conducted using SPSS software
(version, 22.0; IBM, Armonk, NY, USA). Continuous
variables were described by means + standard deviations
or median (interquartile range), while categorical variables
were described by frequencies and percentages. The
Spearman’s rank test was used to evaluate the correlation
between the: (I) diameter and SUV,,,, of liver metastases;
and (II) the primary GIST tumor SUV,,, and the
synchronous liver metastases SUV .. A P value <0.05 was
considered statistically significant.

Results

A total of 90 GIST patients were found to have liver
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metastases. Of those, 32 patients received targeted therapy
within 6 months of liver metastasis detection, 2 patients had
synchronous malignancies (1 had nasopharyngeal carcinoma
and another had cervical carcinoma), and 1 patient had
diffuse liver metastases resulting in partial lesions could
not be evaluated. Finally, 55 patients, including 21 females
and 34 males with a mean age of 54.80£10.66 years (range,
28-78 years), were included in this retrospective study. Of
these 55 patients, 4 GIST patients (2 stomach, 1 intestine,
and 1 colon; 3 preoperative and 1 postoperative) underwent
both PET/CT and MR scans at intervals of 1-6 days, 29
patients (4 stomach, 15 intestine, 5 duodenum, 1 esophagus,
and 4 unknown; 16 preoperative and 13 postoperative)
underwent PET/CT, and the remaining 22 patients
(9 stomach, 8 intestine, 2 duodenum, 1 rectum, and 2
unknown; 11 preoperative and 11 postoperative) underwent
MRI. All 55 GIST cases were pathologically confirmed by
either surgery or biopsy. According to the United States
National Institutes of Health GIST risk classification
criteria [2008], 15 cases were diagnosed as high-risk (n=13),
intermediate-risk (n=1), and low-risk (n=1) respectively, and
the remaining 40 cases were not categorized because the
mitotic index was not evaluated, owing to the small sample
size from the biopsy. PET/CT imaging on 33 patients
revealed that 11 had solitary metastases and 22 had multiple
GIST liver metastases. MRI imaging of 26 patients revealed
that 4 had solitary and 22 had multiple liver metastases. For
the lesion-based analysis, the number of liver metastases
detected by PET/CT and MR imaging was 113 and 109,
respectively. A total of 23 lesions were pathologically
confirmed and the remaining lesions were confirmed by
imaging follow-up.

PET/CT imaging analysis

The 113 GIST liver metastases were 0.6-14.6 cm [2.2 (1.5,
3. 9) cm] in diameter with a SUV . of 1.4-21.5 [3.6 (2.3,
5. 9)]. Of these lesions, 92.0% (104/113) had well-defined
borders and 8.0% (9/113) had poorly defined or indistinct
borders; 73.5% (83/113) had a homogeneous density (2
with homogeneous cystic change and 81 with soft tissue
density), 26.5% (30/113) had a heterogeneous density
(with necrosis or cystic degeneration or hemorrhage); and
cystic degeneration or necrosis could be seen in a central
or scattered distribution. The results of the PET visual
analysis in ""F-FDG PET/CT of GIST liver metastases are
shown in Table 1, and featured images of A, B, and C type
lesions are shown in Figure 1. There was a weak correlation

Ann Transl Med 2022;10(22):1220 | https://dx.doi.org/10.21037/atm-22-5181



Annals of Translational Medicine, Vol 10, No 22 November 2022

Page 5 of 12

Table 1 Results of PET visual analysis in "“F-fluoro-2-deoxyglucose positron emission tomography/computed tomography of liver metastases in

gastrointestinal stromal tumors

Feature Visual analysis types Patients Lesions Diameter (cm) SUV,ax Liver background SUV,,.,
All lesions A 44 0.9-9.6 3.5-21.5 1.8-3.1
B 27 0.9-14.6 2.0-5.8 1.8-4.5
C 42 0.6-8.1 1.6-5.0 1.6-3.9
Solitary A 3 3 1.7-7.5 9.6-18.2 2.1-3.0
metastases B 4 4 13-2.4 3.0-5.2 2.1-45
C 4 4 1.3-6.8 1.4-3.5 1.6-3.9
Multiple A 2 10 0.9-5.2 5.3-21.5 2.5-3.1
metastases c 5 16 0.6-8.1 16-3.3 1.9-35
AB 4 15 0.9-9.6 2.0-13.4 1.5-2.9
AC 2 7 1.6-6.0 1.9-17.3 2.0-2.3
BC 2 7 1.1-8.0 2.2-5.8 2.5-3.7
ABC 7 47 1.0-14.6 1.7-16.1 1.8-3.1

AB/AC/BC/ABC indicates the simultaneous presence of two or three types of the corresponding PET visual analysis in the same case with
multiple liver metastases; PET, positron emission tomography; SUV,..,, maximal standard uptake.

between the diameter of all GIST liver metastases and the
SUV,..« (7=0.370, P<0.001). The SUV,,, of 66 synchronous
liver metastases from 19 GIST cases were moderately
correlated with the SUV,, of the primary tumor (r=0.492,
P<0.001).

MR imaging analysis

The 109 liver metastases were 0.4-11.0 [2.1 (1.3, 3.3)] cm
in diameter with well-defined borders in 100% (109/109) of
the lesions. Compared with background liver parenchyma,
all lesions showed hypointensity on T1-weighted images,
hyperintensity on T2-weighted images, and hyperintensity
on diffusion-weighted images. Cystic changes or necrosis
(appearing as lower signals on T1-weighted images, higher
signals on T2-weighted images, and hypointense areas
on diffusion-weighted images) were observed in 35.8%
(39/109) of the lesions, and 20.2% (22/109) of lesions had
hemorrhage (appearing as patchy hyperintense areas on
T1-weighted images and hyper- or hypo-intensity on 12-
weighted images). On MR dynamic contrast-enhanced
imaging, 90.8% (99/109) of GIST liver metastases showed
heterogeneous enhancement in the arterial phase with
diverse presentation, and 74.3% (81/109) of lesions had
different enhancement patterns between margins and
intratumoral parenchyma (Figures 1,2). The conventional
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MR dynamic enhancement features of GIST liver
metastases are summarized in Tables 2,3. Of the 6 patients
who underwent hepatobiliary phase scans, 3 patients showed
liver metastases with ring-like hypo-enhancement margin
and comparable intratumoral enhancement relative to liver.

A total of 14 liver metastases were detected in the 4
GIST patients who underwent both PET/CT and MR
scans. There were 3 lesions from 2 patients which were
missed on PET/CT imaging, but could be detected on
MR imaging, with all 3 lesions showing no significantly
increased radiotracer uptake as compared to background
liver parenchyma. One lesion was 0.7 cm in diameter,
and the other 2 lesions from one patient were 1.0 and
1.3 cm in diameter. These lesions could not be detected on
unenhanced CT because of underlying fatty liver disease
(Figure I). By comparing metabolism with blood supply
in the same metastases, we found that 6 lesions showed
metabolic mismatch with blood supply, 5 lesions showed
hyper-enhancement on MRI but with only mild or no
metabolic increased radiotracer uptake on PET scan, and
1 lesion showed no significantly increased enhancement on
MRI but increased radiotracer activity on PET scan.

Discussion

The results of the present study demonstrated that GIST
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Figure 1 Imaging findings of 3 GIST patients with liver metastases without treatment who underwent both *F-FDG-PET/CT and MRI. (A)

Imaging data of a 45-year-old man with solitary liver metastasis from gastric stromal tumor. CT image shows a hypodense nodule (red arrow)

in the right lobe of the liver with unclear margins. PET image shows that the metabolism was significantly higher than the liver parenchyma,
even higher than the primary tumor (white arrow), which was considered to be a type A lesion on visual analysis (hypermetabolism). Ring-
like hyper-enhancement can be seen in the arterial and portal venous, and delayed phases and the intratumoral parenchyma showed gradual
mild to moderate enhancement on MRI. (B) Imaging data of a 50-year-old female patient with multiple liver metastases from small intestinal
stromal tumor. CT image shows multiple round masses in the liver with clear margins and slightly heterogeneous density. PET image of the
largest lesion (red arrow) shows slightly higher metabolism in some areas of the mass, which was slightly higher than the liver parenchyma.
Visual analysis showed a type B lesion (slightly hypermetabolism). The MR image showed rim enhancement and inner heterogeneous
gradual enhancement, even partial areas was equal to or slightly higher than liver parenchymal in delayed phase. The other two lesions (white
arrows) showed no hypermetabolism compared to the liver background, and no radioactive defect. These were type C lesions on visual
analysis (iso- or hypo-metabolism). MRI shows marginal enhancement with inner heterogeneous gradual enhancement which was higher
than liver parenchyma in the delayed phase. (C) Imaging data of a 53-year-old female patient with multiple liver metastases from colonic
stromal tumor. The lesion in the left lobe of the liver (white arrow) showed significantly hypermetabolism on PET (type A lesion) with
gradual enhancement on MRI. Another lesion in the right lobe (red arrow) was a missed diagnosis on PET/CT because of the presence of
fatty liver disease, which showed no definite abnormal density on unenhanced CT and no hypermetabolism on PET. Ring-like enhancement
of the margin and mild enhancement of the intratumoral parenchyma can be seen on MRI. GIST, gastrointestinal stromal tumor; *F-FDG,

¥F-fluorodeoxyglucose; PET, positron emission tomography; CT, computed tomography; MRI, magnetic resonance imaging.
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Figure 2 Magnetic resonance imaging of a 68-year-old female patient with postoperative haptic recurrence 4 years after primary tumor

resection shows different enhancement patterns. From left to right: arterial phase, portal venous phase, and delayed phase imaging at

the same cross-sectional level. The first row of lesions (black arrows) shows obvious enhancement in the arterial phase, and decreased

enhancement in the portal venous phase and delayed phase with marginal ring-like enhancement. The second row of lesions (white arrow)

show obvious enhancement in all three phases. The third row of lesions (red arrow) show heterogeneous gradual enhancement in the arterial

and portal venous phases, and obvious enhancement in the delayed phase.

liver metastases differ considerably in terms of “F-FDG
PET/CT metabolic rate/radiotracer activity. The imaging
features of GIST liver metastases on ""F-FDG PET/
CT can be summarized as follows: (I) There are usually
multiple GIST liver metastases which may involve both
lobes. On low-dose unenhanced CT, they often appear
as rounded shapes with a well-defined border and either
homogeneous or heterogeneous density. These lesions
may be accompanied by cystic changes, necrosis, or

© Annals of Translational Medicine. All rights reserved.

hemorrhage, which can be centrally located or scattered.
In contrast, adenocarcinoma liver metastases tend to show
low density cystic or necrotic changes that are more often
centrally located, meanwhile, hemorrhage is relatively
rare. (I) PET imaging shows a variety of findings, and
multiple liver metastatic lesions in the same case can
show a consistent appearance, as well as the presence of
lesions that are metabolically lower, equal, or higher than
background liver parenchyma. (III) For lesions with a
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Table 2 The enhancement degree of gastrointestinal stromal tumors liver metastases relative to normal liver in conventional magnetic resonance

contrast-enhancement imaging

Enhancement degree Arterial phase

Portal venous phase Delayed phase

Margin
Ring-like hyper-enhancement 62
Ring-like hypo-enhancement 2

Intratumoral parenchyma

Hyper-intense 31
Iso-intense 3
Hypo-intense 75
lll-defined" 3

70 62
1 14
19 27
14 22
76 60
14 15

', both lesion margins and parenchyma appeared ill defined.

Table 3 The enhancement pattern of gastrointestinal stromal tumors liver metastases relative to normal liver in conventional magnetic resonance

contrast-enhancement imaging

Enhancement pattern

No. of metastases (n=109) Diameter (cm)

Margin
Ring-like hyper-enhancement, persistent 43 0.6-9.3
Ring-like hyper-enhancement in arterial phase, disappeared posteriorly 5 1.1-8.5
Ring-like hyper-enhancement changes to hypo-enhancement 14 0.8-2.4
Without of ring-like hyper-enhancement in arterial phase, appeared posteriorly 17 1.5-11.0
Ring-like hypo-enhancement changes to hyper-enhancement 2 2.4-6.0
Always without ring-like enhancement or similar to Intratumoral parenchyma 28 0.4-4.5
Intratumoral parenchyma
Homogeneous arterial phase, persistent 25 0.6-6.0
Homogeneous arterial phase, reduced 6 0.6-2.7
Gradual enhancement 78 0.4-11.0

higher metabolic rate on PET imaging, those with larger
volumes mostly showed heterogeneous metabolism,
especially slightly hypermetabolic lesions that often showed
scattered heterogenous and slight hypermetabolic shadows
distributed on the lesion area. Metabolic defects were less
frequently observed when the difference between lesion’s
metabolism and liver background was not obvious, which
might be explained by the fact that the lesions were cystic in
nature but still had less solid tumor components distributed
diffusely. (IV) Though cystic metastasis is rare and has only
been documented in case reports (24,25), misdiagnosis as a
cyst should be avoided when the lesion is small, with a well-
defined margin and without increased radiotracer activity

© Annals of Translational Medicine. All rights reserved.

on PET scan.

There was only a poor correlation between the SUV,,,,
of GIST liver metastases and lesion diameter in our study.
In addition, 37.2% (42/113) of GIST liver metastases in
our analysis showed hypometabolism, and the largest one
was up to 8.1 cm in diameter. Typically, except for lesions
less than 1.0 cm in diameter, most liver metastases from
malignant tumors such as colon cancer, lung cancer, and
breast cancer show hypermetabolism, suggesting that there
is certain level of metabolic rate specificity of GIST liver
metastases. However, owing to limited sample size, the
lack of available pathological data from liver metastatic
lesions, and the limited number of related publications in
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the literature, the reasons could not be further analyzed in
the current investigation. A report by Min (26) suggested
that GISTs have considerable variation in the general
appearance of cells and cytoplasmic organelles, as well
as the relationship between tumor cells, stroma and
intercellular stromal contents depending on their original
site of the gastrointestinal tract. Parts of GIST liver
metastases in our study showed mild or no hypermetabolism
on "F-FDG PET/CT, which may be related to more
empty cytoplasmic vacuoles. In addition, we speculated
that the differences in "F-FDG PET/CT features of
liver metastases might be related to histopathologic,
immunohistochemical, and genetic characteristics of the
tumor, necrosis, and hemorrhage. Although only 4 patients
underwent both MRI and PET/CT, we found that the
lesions were prone to missed diagnosis on PET/CT when
they were hypometabolic and small in size or in setting of
background fatty liver disease. It is known that GIST liver
metastases can be cystic, necrotic, and even increase in size
after treatment with targeted therapies (27,28). For liver
metastases with low or slightly higher metabolism before
treatment, PET/CT imaging may yield false-negative
results and cannot truly reflect the degree of tumor viability
during follow-up scans, and MRI may be more accurate in
estimating treatment efficacy by evaluating the presence of
hyper-enhancing components.

MRI performed using various sequences is more
accurate than CT in characterizing different tumor
components. Therefore, this study selected GIST patients
with liver metastases who underwent MRI examination
for inclusion. Except for tumor morphology, margins,
cystic or necrotic changes, hemorrhage, and other
similar features described above on PET/CT, the most
characteristic imaging feature of GIST liver metastases
on MRI are diverse in presentation on dynamic contrast-
enhanced scans. First, rim enhancement pattern of most
lesions does not correlate with pattern of its intra-tumoral
parenchyma enhancement, which suggests that GIST liver
metastasis has a dual blood supply. According to the distinct
interface between metastasis and the adjacent normal
liver parenchyma, liver metastases present three different
histopathological growth patterns (HGPs), including
desmoplastic, replacement, and pushing HGPs, and this
may impact overall survival after surgery for colorectal liver
metastases (29). Li er al. (30) retrospectively analyzed
MRI features of HGPs of colorectal liver metastases and
demonstrated that MRI could help differentiate replacement
HGPs and non-replacement HGPs. In our study,
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although not pathologically confirmed, combined with the
morphology, margins of GIST liver metastases, and ring-
like hyper-enhancement on dynamic contrast-enhanced
scans, we speculated that the pathophysiological growth
pattern of GIST liver metastases might be dominated by
pushing HGP. In the pushing HGP, the metastasis pushes
away and compresses the adjacent hepatocellular plates,
without invading the hepatocellular plates, and blood
supply is obtained by sprouting neovascularization (29).
GIST liver metastases grow expansively, thus pushing out
the surrounding liver parenchyma and form a clear margin.
This may cause perfusion abnormalities in the surrounding
liver parenchyma, leading to a blood perfusion differential
between the margin and intratumoral parenchyma of the
lesion. Second, ring-like hyper-enhancement can be seen
in most GIST liver metastases, even at diameters less than
1.0 cm. The rim enhancement of the lesion can appear
in various ways such as continuous hyper-enhancement
or appear, disappear, or transform into ring-like hypo-
enhancement during delayed scan images. Third, the
intratumoral parenchyma of some GIST metastasis can
show marked enhancement in the arterial phase, with the
majority of lesions showing heterogeneous progressive
enhancement, which may be similar to or higher than the
liver parenchyma at delayed phase or later time points. Due
to variability of MRI findings in GIST liver metastases,
small lesions may be misdiagnosed as hemangioma,
hepatic adenoma, focal nodular hyperplasia, and so on
due to marked hyperenhancement, and this is especially
challenging for solitary metastases. They may also be
misdiagnosed as a cyst when it contains more cystic
components and shows lower-signal intensity on T1-
weighted images, higher-signal intensity on T2-weighted
images, and lack of visible enhancement. Therefore, a
through differential diagnosis should be emphasized for
intrahepatic lesions detected in newly diagnosed or follow-
up examinations, despite presence of atypical imaging
findings. The clinical management decisions should be
taken after multidisciplinary tumor board discussions.

For most lesions, it is not difficult to diagnose liver
metastasis by combining the history of GIST with MRI
or "F-FDG PET/CT imaging findings. However,
misdiagnosis and/or missed diagnosis situations are still
difficult to avoid for some small, solitary, or poorly defined
lesions. Summarizing the imaging characteristics of GIST
may help in the diagnosis of some of these challenging
lesions. In addition, the diverse imaging findings of GIST
liver metastases confirmed by our study may be instructive
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in the selection of best imaging modalities to be used after
targeted therapy to avoid false negatives. Because of the
diverse presentation of GIST liver metastases on MRI and
PET/CT, for some liver lesions with qualitative difficulties,
the combination of both imaging methods can evaluate the
lesions' metabolism and blood perfusion simultaneously,
which may be helpful for diagnosis. PET/MR has become
more widely used in recent years and has been proven to be
a quite efficient diagnostic modality compared to PET/CT,
MR, and CT for the diagnosis of liver metastases (31,32),
although these literatures selected liver metastases from
other common tumors and it may be equally applicable
to GIST liver metastases. There were some limitations
in our study. First, only a small sample size was analyzed,
especially patients who underwent both "F-FDG PET/
CT and MRI. Furthermore, only metabolic rate/radiotracer
activity and blood perfusion characteristics of GIST liver
metastases were described, without further analysis of their
correlation and diagnostic efficacy. Due to the limited
postoperative pathological data of GIST liver metastases, it
was impossible to analyze the reasons behind these diverse
imaging findings. Further studies with a larger sample size
are required to examine exact nature of any existing radio-
pathological correlations.

In summary, GIST liver metastasis usually has well-
defined margins and can be associated with cystic change,
necrosis, or hemorrhage, which can appear diversely on both
"F-FDG PET/CT and MR imaging. Lesions can appear
significantly hypermetabolic, slightly hypermetabolic, or
hypometabolic on PET, and the degree of metabolism/
radiotracer activity correlates poorly with the size of the
lesion. Radiotracer activity defect is rare on PET imaging
of hepatic lesions. On MR imaging, GIST liver metastases
demonstrate a dual blood supply pattern, with ring-like
enhancement observed in most lesions. The intratumoral
parenchyma of metastasis shows marked enhancement or
heterogeneous progressive enhancement. However, smaller
GIST liver metastasis may demonstrate hypometabolism on
PET, or marked enhancement on MRI, making this subset
more difficult to diagnose. Therefore, tissue sampling or
close follow-up is warranted to avoid misdiagnosis.
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