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Gastrointestinal stromal tumors (GISTs) are rare cancers originating from the gastrointestinal tract’s interstitial cells of 
Cajal. This study explores the utility of quantitative Magnetic Resonance Imaging (MRI), particularly volumetric lesion 
segmentation, in the preoperative evaluation of large-mass abdominal GISTs. MRI offers high-resolution imaging without 
ionizing radiation, which is crucial for oncology patients requiring repeated scans. Advanced semi-automatic segmentation 
techniques were employed in this study from different MRI sequences to enhance precision in tumor boundary delineation and 
volumetric analysis, and aid personalized surgical planning. In addition, this study demonstrates that using different clinical 
imaging protocols and comparing volumetric data from CT and various MRI sequences yields consistent results with minimal 
volumetric error. Finally, integrating MRI data into real-time surgical navigation systems underscored the synergy between 
radiology, surgical oncology, and computer science, improving tumor margin assessment and reducing recurrence risk. This 
approach highlights a pivotal shift towards technology-enhanced healthcare, promising better patient outcomes.
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INtrodUctIoN

A gastrointestinal stromal tumor (GIST) is an un-
common type of cancer that originates from cells 
in the walls of the gastrointestinal tract, specifical-
ly the interstitial cells of Cajal, which are part of 
the autonomic nervous system and help regulate 
muscle contractions in the digestive system. GISTs 
can occur anywhere along the gastrointestinal tract 
but are frequently found in the stomach or small 
intestine [1]. The cause of GISTs is usually linked 
to mutations in the KIT gene, which lead to uncon-
trolled cell proliferation. Most GISTs are sporadic, 
meaning they occur randomly and are not inhe-
rited, though there are rare familial forms of the 
disease associated with genetic syndromes such as 
neurofibromatosis type 1 or familial GIST syndro-
me [2]. Symptoms of GISTs can vary widely and 
may include abdominal pain, nausea, vomiting, loss 
of appetite, and blood in the stool. However, many 
GISTs are asymptomatic and may be discovered in-
cidentally during procedures or imaging tests for 
other conditions [3].
Treatment options for GISTs include surgical re-
moval of the tumor, which is often the primary 
treatment, especially if the tumor has not spread. In 
cases where the tumor is large or has spread, tar-
geted therapies, particularly tyrosine kinase inhi-
bitors like imatinib, are used [4]. These drugs tar-
get specific enzymes and pathways involved in the 
growth of cancer cells [5]. Overall, the prognosis 

for GISTs can vary based on factors such as tumor 
size, location, and response to treatment, with lo-
calized tumors generally having a better prognosis 
than those that have spread [6].
This article aims to show the potential of a quanti-
tative MRI approach, as volumetric segmentation, 
in the preoperative evaluation of a rare large-mass 
abdominal GIST tumor. The utilization of Magne-
tic Resonance Imaging (MRI) emerges as a keysto-
ne in this process, primarily due to its inherent 
advantage of acquiring high-resolution images wi-
thout exposure to ionizing radiation, a significant 
concern in repeated imaging scenarios common in 
oncology [7]. The emphasis on MRI underscores a 
crucial shift towards safer imaging modalities that 
do not compromise on the quality and detail neces-
sary for surgical precision.
Moreover, the development and application of au-
tomatic and semi-automatic segmentation techni-
ques represent a leap forward in medical imaging. 
These methods not only expedite the process of 
delineating tumor boundaries but also improve the 
accuracy and repeatability of volumetric analyses 
essential for evaluating tumor size and response 
to treatment. The integration of automatic and se-
mi-automatic segmentation tools in MRI leverages 
the power of artificial intelligence and machine le-
arning, offering a synergistic approach that combi-
nes the irreplaceable expertise of radiologists with 
the computational efficiency of algorithms. the ad-
vantages are: 
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1. Improved Precision in Surgery: Enhanced MRI 

volumes provide surgeons with more detailed 
and accurate images of tumors, including their 
size, shape, and location relative to critical 
anatomical structures. This precision is par-
ticularly crucial for complex cases where the 
tumor is located near vital organs or within 
intricate networks of blood vessels.

2. Personalized Surgical Planning: The detailed 
visualization made possible by these large-vo-
lume MRIs allows for more personalized sur-
gical planning. Surgeons can tailor their ap-
proach based on the specific characteristics of 
the tumor and surrounding tissues, potentially 
reducing the likelihood of complications, and 
improving outcomes.

3. Real-time Navigation During Surgery: Some 
advanced setups integrate these MRI data into 
surgical navigation systems, providing real-ti-
me guidance during operations. 

4. Better Assessment of Tumor Margins: Accura-
tely determining tumor margins is important 
for successful oncological surgery. High-reso-
lution MRI scans help in defining these mar-
gins more clearly, which is key for achieving 
complete resection and minimizing the risk of 
recurrence.

The importance of this interdisciplinary approach, 
merging radiology, surgical oncology, and compu-
ter science, cannot be overstated. It not only repre-
sents a significant step forward in the application 
of medical imaging for pre-surgical planning but 
also exemplifies the broader potential of techno-
logy-enhanced healthcare in improving patient 
outcomes [8] [9] [10].

MAterIALs ANd MetHods

A 72 years-old male patient arrived at the Emer-
gency Department at San Leonardo Hospital (Ca-
stellammare di Stabia, Italy) with an untreatable 
abdomen, abdominal pain with a relevant mass on 
palpation, nausea, and vomiting. Imaging, labo-
ratory examinations, and histopathology records 
were collected. Informed consent was obtained for 
the examinations. The patient undergoes firstly an 
ultrasound examination that shows a hypoechoic 
area relative to surrounding structures with a pro-
minent blood supply, hypervascular on Doppler 
imaging.
 
Imaging Protocol and Data Analysis
 
MRI examination was performed using a Ma-
gnetom Sola 1.5 T scanner (Siemens Healthcare, 
Erlangen, Germany), with a 16-channel flex pha-
sed-array body coil and reviewed by a ten-year 
expert radiologist. A standard clinical abdominal 
MRI protocol was employed, consisting of:
- coronal and axial T2-weighted Half-Fourier Ac-
quisition Single-shot Turbo spin Echo imaging 
(HASTE), voxel size 1.2×1.2×4 mm3, Field of View 
(FOV) 195×320 mm, TR/TE = 1800/95 ms;
- axial T1 Dual-echo Fast Spin Echo, voxel size 

1.2×1.2×3 mm3, FOV 195×320 mm, TR/TE = 
6.7/2.4 ms;
- axial T2-Haste with fat saturation, 1.2×1.2×4 
mm3, Field of View (FOV) 195×320 mm, TR/TE 
= 1800/97 ms;
- axial diffusion-weighted imaging (DWI) with 
apparent diffusion coefficient map, voxel size 
1.2×1.2×3 mm3, FOV 195×320 mm, TR/TE = 
4000/60 ms;
- coronal T2-True Fast Imaging with Steady State 
Precession (TrueFISP),  0.8×0.8×4 mm3, Field of 
View (FOV) 256×256 mm, TR/TE = 390/2.1 ms;
- three plane isotropic 1 mm post-contrast DIXON 
Fat-Suppressed Volumetric Interpolated Brea-
th-hold Examination (VIBE).

To obtain reliable volumetric quantitative data, dif-
ferent acquired MRI sequences were processed and 
compared. In addition to axial T2-HASTE segmen-
tation (considered as a standard reference) (Figure 
1), the same post-processing method was applied to 
segment the lesion from axial T1 dual-echo, coro-
nal True-Fisp, and coronal post-contrast T1-dixon 
with fat saturation (Figure 2). These comparisons 
were made possible due to the capabilities of the 
post-processing software, which can generate vo-
lumetric data that account for the varying voxel 
sizes across different sequences while ensuring the 
accuracy of the volume in each case.
The volumetric image analysis of the abdominal 
mass was determined using ITK-SNAP software 
[11] through a semi-automatic 3D segmentation 
technique with an automated process that uses si-
gnal intensity thresholds to delineate the bounda-
ries of the lesion within the imaging data. This ini-
tial segmentation acts as a rough outline based on 
predefined intensity criteria that differentiate the 
target lesion from the surrounding tissues.
Once this automated step is completed, the seg-
mentation is refined manually. A second radio-
logist, with nine-years experience in body-MRI, 
reviewed and adjusted the boundaries of the seg-
mentation in the three orthogonal planes. These 
manual corrections are critical for accounting for 
variations in lesion shape, size, and boundary cla-
rity that automated methods may not fully capture.
Subsequently, in order to compare the lesion vo-
lume through different modalities an additional 
segmentation was performed from the CT scan 
(Figure 3).

Biopsy Protocol & Immunohistochemistry
 
The patient undergoes preparatory 8h fasting, to 
reduce gastrointestinal content and potential com-
plications. Following aseptic preparation of the 
skin and application of local anesthesia to minimi-
ze nociceptive stimuli, real-time ultrasound visua-
lization guides the insertion of a core 14-gauge ne-
edle biopsy instrument through the dermal layers 
into the targeted lesion. This approach mitigates 
collateral tissue damage and enhances the accuracy 
of the biopsy. Two cores of 1.7 and 1.4 millime-
ters were extracted to increase diagnostic yield and 
mitigate sampling error. Each piece of tissue was 
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Figure 1. Left: Axial T2-HASTE view of the lesion, with the lesion's mask highlighted in red. Right: the 3D 
models of the pathological mass tissue are displayed.

Figure 2. Left: Axial T1 dual-echo Fast Spin Echo and corresponding segmentation mask. Center: Coronal 
TrueFISP and segmentation mask. Right: Coronal post-contrast T1 Dixon sequence and corresponding 
segmentation mask.

Figure 3. CT scan and segmentation mask in red. From left to right, the three scan planes views sagittal, coronal, 
and axial.

promptly fixed in 10% neutral buffered formalin, 
preserving cellular morphology for subsequent hi-
stopathological evaluation.
In the pathology laboratory, the tissues undergo 
dehydration, clearing, and paraffin embedding. Mi-
crotome-sectioned slices are then stained with He-

matoxylin and Eosin for morphological assessment. 
Immunohistochemical analysis employing antibo-
dies against CD117 (c-Kit) and DOG1 is pivotal, 
as these markers are highly indicative of GISTs (Fi-
gure 4) [12].

Figure 4. 
Left: DOG1 immunostaining 
shows an epithelioid GIST with 
membrane and dot-like para-
membrane staining. Right: 
CD117 immunostaining of 
GIST reveals a paranuclear 
(Golgi) pattern.
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resULts

The MRI examination of the abdomen reveals a 
large, lobulated, multi-segmented mass in the left 
abdominal spaces, measuring 134 x 232 x 236 mm 
(AP x Transverse x CC). The mass has well-defined 
margins and an inhomogeneous content due to the 
presence of both solid and fluid-suprafluid compo-
nents, likely including intralesional blood. The so-
lid portions, primarily located caudally, along with 
the lesion walls, exhibit contrast enhancement and 
restricted diffusion. The mass lacks a clear plane of 
cleavage with some small bowel loops in the right 
iliac fossa and the descending colon, and it con-
tacts the left lower renal pole, which is displaced 
cranially. The primary hypothesis is that this lesion 
is a GIST.
The biopsy examination shows positive immuno-
reactivity and corroborates the presence of a GIST, 
facilitating further oncological management based 
on molecular and morphological characteristics 
observed [13] [14].
The volume extracted from CT image processing 
was 3913000 mm3. Table 1 presents the values of 
different volumes detected by MRI sequences and 
the relative error in percent calculated by compa-
ring the measured value with the CT reference va-
lue.

dIscUssIoN

In our study, a large lobulated mass with well-defi-
ned margins and heterogeneous content was iden-
tified, exhibiting both solid and fluid components. 
The volumetric measurements obtained from MRI 
scans show a high degree of concordance between 
the volume measured with different MR sequences. 
In addition, when comparing the same MRI data 
with volumetric data derived from CT image pro-
cessing, taken as reference data, we obtain a very 
low degree of relative error (less than 2.5%). This 
consistency is maintained despite potential varia-
tions in lesion volumes due to differing depths of 
apnea.
The findings from this study underscore the signi-
ficant potential of quantitative MRI, specifically 

volumetric segmentation, in the preoperative eva-
luation of rare, large-mass abdominal GIST tumors 
[15]. Utilizing MRI for its high-resolution imaging 
capabilities without ionizing radiation proves par-
ticularly advantageous in oncology, where repea-
ted imaging is often required. The application of 
semi-automatic segmentation techniques enhances 
the precision and repeatability of volumetric analy-
ses, crucial for accurate tumor delineation and as-
sessment [16]. The advanced imaging techniques 
allowed for detailed visualization and informed sur-
gical planning, demonstrating improved precision 
in delineating tumor boundaries and enhancing 
personalized surgical approaches. Furthermore, the 
integration of MRI data into real-time surgical na-
vigation systems exemplifies the interdisciplinary 
synergy between radiology and surgical oncology 
staff, promising better assessment of tumor mar-
gins and potentially reducing recurrence rates. This 
study also highlights how the use of a clinical ima-
ging protocol, developed with appropriate software 
and techniques, can accurately calculate the volume 
of the lesion. Specifically, it becomes evident that 
by comparing the volumetric data obtained from 
different MRI sequences, also acquired with diffe-
rent techniques to reduce motion artifacts caused 
by the patient’s breathing, and with varying slice 
thicknesses, the data is consistent. Additionally, By 

comparing the data obtained from MRI scans with 
those from a CT scan acquired with a 1.25 mm 
slice thickness in a single apnea, we achieve a result 
with a relative error of less than 2.5%. This level 
of accuracy is entirely acceptable and justifiable, 
given the inherent variability in reproducing the 
same inspiratory apnea each time. The same abdo-
minal organ compression, caused by the lowering 
of the diaphragm, cannot be consistently replicated 
[17]. The combined approach of semi-automated 
segmentation and expert radiologist review ensu-
res optimal accuracy in tumor volume estimation, 
critical for effective surgical intervention [18]. This 
methodology not only enhances the surgeon’s abi-
lity to plan and execute complex procedures but 
also signifies a step forward in leveraging advanced 
imaging technologies to improve patient outcomes 

MRI Sequence Volume 
(mm3)

Relative 
Error (%)

Axial T2-Haste with fat saturation 3875000 0,97

Axial T1 Dual-echo Fast Spin Echo 3824000 2,27

Coronal TrueFISP 3862000 1,30

Coronal Post-contrast T1 Dixon 3863000 1,27

Table 1.
Left: The MRI sequences used for post-processing to calculate the lesion 
volume. 
Center: The volumes obtained from the segmentation process, expressed 
in cubic millimeters, are compared to evaluate the effectiveness of different 
sequences in volume calculation. 
Right: Relative error in percentage to CT segmentation volume.
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in the management of GISTs. Despite the promi-
sing results, several limitations of this study must 
be acknowledged. First, the reliance on a single pa-
tient’s data limits the generalizability of the findin-
gs. Larger studies are needed to validate the efficacy 
of the quantitative MRI approach in diverse patient 
populations. Second, the high-resolution imaging 
protocols used, while advantageous, may not be 
universally available due to the high cost and need 
for specialized equipment, potentially limiting wi-
despread application. Additionally, the manual refi-
nement of segmentation, although crucial for accu-

racy, is time-consuming and heavily dependent on 
the expertise of the radiologist, introducing a po-
tential for variability and human error. Addressing 
these limitations in future research will be crucial 
to enhance the applicability and reliability of this 
imaging approach in the preoperative evaluation of 
GISTs and other complex tumors. In particular, the 
integration of these techniques into routine clinical 
practice could revolutionize preoperative planning, 
offering a robust framework for tackling similarly 
complex oncological cases in the future.
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