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Abstract

Purpose: The purpose of this study is to demonstrate the correlation between radiologic and pa-
thologic features of the gastrointestinal stromal tumors. Patients and methods: A retrospective
review from 2004 to 2014 identified 50 resected cases of confirmed gastrointestinal stromal tu-
mors (GIST) is done. All these lesions were visualized in the first multi-slice computed tomogra-
phy (MSCT) investigation. Radiologic and pathologic features were reviewed and compared. A ra-
diologic score with MSCT findings was established. Four levels of risk were defined and compared
to the Miettinen-Lasota prognostic classification. Results: Mean patients’ age was 57.6 with a sex-
ratio (M/F) of 1.17. Of the 50 GISTs lesions, 29 were located in the stomach (58%), 3 in the duo-
denum (6%), 16 in the small intestine (32%), one in the rectum and one in the great omentum.
MSCT images were evaluated for origin and size of the tumor, as well as growth pattern, density
before and after contrast, relationship with adjacent structures, presence of lymph nodes, ascitis
and metastasis. The presence of mucosal ulceration, calcification, necrosis, cystic area or hemorr-
hage into the lesion was emphasized for each case. The histologic equivalent criteria were ga-
thered from histopathology examination review of all specimens. Significant correlation was
found for all these findings except the hemorrhage (p = 0.071). A radiologic score of fifteen items
variable between 0 and 18 was established. Miettinen risk classification was noted for each lesion.
GISTs with very low risk had MSCT score < 4. GIST with low risk had a MSCT score between 5 and 9.
GIST with moderate risk had a score between 10 and 14 and those with high risk had an MSCT
score between 15 and 18. Significant correlation was found between the radiologic and histopa-
thologic risk classification (p = 0. 001). Conclusion: MSCT is helpful in risk prediction for GIST.
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1. Introduction

Gastrointestinal stromal tumors (GISTs) are the most common primary mesenchymal neoplsms of the digestive
tract. They derive from a precursor of the interstitial cells of Cajal, normally present in the myenteric plexus. All
digestive segments can be affected but these tumors most commonly occur in the stomach (70%). Specific mu-
tations in the Kit gene are present in 86% of cases and in platelet-derived growth factor receptor (PDGFR) gene
in 15% of cases. The marker CD 117 is present in 95% of cases. The management of GIST is based on surgery.
Only localized tumors eligible for Ro resection are associated with long survival. The radiologic and pathologic
characterization of this entity was permitted to codify the surgical management and improved the prognosis. The
tyrosinekinase inhibitors (TKI) are standard in first-line metastatic and locally advanced GISTs treatment. All
risk stratification systems proposed for GISTs depend on histologic factors. The aim of our study was to demon-
strate the role of the multi-slice computed tomography (MSCT) in the prognosis assessment in order to validate
the first radiologic scoring system.

2. Materials and Method

We retrospectively reviewed the MSCT and specimen microscopic examination findings of 50 patients with
confirmed GIST in the period between 2004 and 2014. All patients underwent surgical resection and diagnosis
confirmation was provided by pathology examination. Four cases of patients for whom MSCT was unavailable
were excluded. The evaluation of all MSCT features was performed by the same radiologist. Scans were re-
viewed to determine the size, contour, boundary, growth pattern, degree of enhancement, and tumors necrosis.
The presence of calcification, ulceration, cystic area, and hemorrhage within the lesions as well as fat infiltration,
lymph nodes, ascitis, and metastasis was also recorded. The histological review of specimens was performed by
the same pathologist blindly to radiologic results. Macroscopic description was obtained from existing patients
reports. The microscopic examination was redone for all cases. The prognostic classification was updated to
Miettenen-Lasota grading system for 6 patients. Statistical analysis of the gathered information was performed
using SPSS20.0 software. A comparative study of radiologic and pathologic criteria was performed by qui-
square and exact test. The significance was retained for P value < 0.05. The prognostic impact of radiologic cri-
terions was assessed by the Kaplan Meyer method. MSCT correlating findings were gathered in a scoring sys-
tem of fifteen items. The preliminary validation of the MSCT score in the prediction of risk was obtained using
the receiver operating characteristic curve (ROC). Using this new tool, four level of risk were defined. The new
stratification was compared with the Miettineen-Lasota classification (P < 0.05). This study was approved by the
research ethics committee of the hospital.

3. Results

Patient’s descriptive analysis is shown in Table 1.

Socio-demographic data showed that of the 50 patients there were 27 males and 23 females (sex-ratio of 1.17).
Mean patients age was 57.6 (15 - 72). GIST was located in the stomach in 29 cases (58%), in the duodenum in 3
cases (6%), in the small intestine in 16 cases (32%). One GIST was located in the rectum and another one in the
great omentum. Symptoms were variable. Bleeding was seen in 64.2% of cases, abdominal pain in 58.4%,
changed bowel habits in 22% and weight loss in 14%. The lesion was discovered incidentally in two patients
during a periodic medical check-up. All patients underwent surgical treatment. For gastric GISTs, total gastrec-
tomy was performed in 8 cases between 2004 and 2008 mostly because of the doubt about the tumor nature.
Otherwise surgery consisted in complete tumor resection with macroscopic negative margin over the stomach.
In case of small bowel GISTs, resection and anastomosis were performed for all patients. Omentectomy was
performed for the omental GIST and proctectomy for the rectal localization. Surgery was performed in an
emergency in 4 cases because of a massive gastrointestinal bleeding. Morbidity was about 4.8% and mortality
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Table 1. Descriptive analysis.

Characteristics n
Age
e Mean 57.6
e Range 15-72
Sex
e Male 27
e Female 23
Presenting symptoms
o Gastrointestinal bleeding 32
e Abdominal pain 29
e Change in bowel habit 171
o Weight loss 2
e Asymptomatic
Lesion location
e Stomach 29
e Duodenum 3
e Jejunum 4
o lleum 12
e Rectum 1
e Omentum 1

about 8% essentially related to metastasis progression. Local recurrence occurred in 6 patients (12%) Overall
survival was 58.5%and recurrence free survival was 64%.

3.1. MSCT Findings

MSCT tumors description is detailed in Table 2.

Mean tumors size was 11.6 centimeters (3 - 25). Heterogeneous multi-lobulated mass is the most frequently
observed aspect (80%). Intravenous contrast was used for all the patients. Oral contrast was used in 70% of cas-
es. Multiplanar reconstruction was performed in all cases .the enhancement degree was variable. It was mod-
erate and heterogeneous in 60% of cases. Tumor necrosis was observed in varying proportions as spontaneously
hypodense areas not enhanced after contrast injection (76%). Cystic tumoral area was observed in 9 gastric
GISTs. Calcifications and tumoral hemorrhage were rare. Mucosal ulceration was seen in 3 cases of duodenal
GISTs. In the case of omental GIST, MSCT localization was difficult to perform due to the big size of the tumor
(Figure 1(a) and Figure 1(b)).

3.2. Pathology Findings

The review of all macroscopic specimen examinations as well as the microscopic study was done by the same
pathologist blindly to MSCT informations. Only intraoperative findings were accessible in the patient’s records
during the histologic review. For 6 patients, GISTs was classified according Fletcher grading system. The study
permitted an update of the classification. Most of the tumors presented as a rounded or lobulated mass with well
circumscribed boundary (60%). Mean tumors size was 10.92 cm (4 - 25). Small lesions had ahomogeneous as-
pect overall section surface, while the large lesions (>10 cm) presented frequent zones with necrosis (72%), he-
morrhage (28%) and cystic degeneration (26%). Moderate to high cellularity was seen in 58% of cases. Eighty
five percent of tumors were predominantly of the spindle cell type. GISTs with epithelioid cells were found in
particular ingastric localization (60%). In four cases a mixed architecture was seen.

Approximately 90% of GISTs displayed a positive staining for c-kit (CD117).The immune staining was vari-
able for other markers such as CD34 (60%), smooth muscle act in (50%), neural protein S100 (8%), and desmin
(5%). Dog 1 marker, recently introduced in our practice was not considered in this study. Final histopathology
examination showed 12 GISTs with very low risk, 9 GISTs with low risk, 11 GISTs with moderate risk, and 18
with high risk. Inflammatory lymph nodes were found in 14 cases. In one case an objective lymph node metas-
tasis was seen. The comparison between MSCT and pathology findings is shown in Table 3.

O,
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Table 2. MSCT" tumors description.

Features n
Size
Mean 11.6
Range 3-25
Origin
Stomach 29
Duodenum 3
Jejunum 6
lleum 10
Rectum 1
Unknown 1
Growth pattern
Endoluminal 12
Exoluminal 12
Mixed 26
Enhancement
Poor 8
Heterogeneous 30
Massive 12
Contour
Multi-lobulated 40
Rounded 10
Boundary
Clear 38
Unclear 12
Calcification 4
Necrosis 38
Hemorrhage 2
Ulceration 3
Fat infiltration 5
Cystic area 9
Invasion of adjacent organs 5
Ascitis 4
Metastasis 4
Lymphadenopathy 12
Carcinomatosis nodule 2

“MSCT: multislice computed tomography

(b)

Figure 1. A 72-year-old male complaining from abdominal pain and weight loss. Examination showed a fixed abdominal
mass; due its big size CT could not conclude about its origin (a), surgical removal specimen examination showed a 25 cm
tumor of the omentum (b).



L. Mchirgui et al

Table 3. MSCT" vs. pathology findings.

Criteria MSCT/Pathology p

Mean size 11.6/10.92

Multi-lobulated contour 40/43 0.012
Mixed growth pattern 26/32 0.002
Unclear boundary 12/10 0.022
Calcification 4/4 0.001
Necrosis 38/43 0.031
Hemorrhage 2/12 0.71
Ulceration 3/4 0.012
Fat infiltration 5/3 0.042
Cystic area 9/12 0.03
Ascitis 4/4 0.001
Liver metastasis 4/4 0.001
Carcinomatosis nodule 2/3 0.001
Lymphadenopathy 12/14 0.01

*MSCT: multislice computed tomography

The evident correlation between MSCT and pathology tumors characteristics was helpful to elaborate an
MSCT score for the evaluation of GISTs. It was mandatory to determine if MSCT findings were useful for the
prognosis assessment. Kaplan Mayer approach was more adapted to the study due to the small size of the data.
Overall survival and recurrence free survival were used as dependent. Log-rank test analysis showed that tumors
sized above 5 cm (p = 0.032), non-gastric localization (p = 0.012), multi-lobulated contour (p = 0.022), unclear
boundary (p = 0.01), mixed growth pattern (p = 0.03), heterogeneous aspect and moderate enhancement (p =
0.038), necrosis (p = 0.014), mucosal ulceration (p = 0.032), cystic area (p = 0.012), ascitis (p = 0.023), metasta-
sis (p = 0.012), fat infiltration (p = 0.023), carcinomatosis nodule (p = 0.001), multiples lymph nodes (p = 0.012)
appeared as independent prognostic factors. The MSCT score could be elaborated. This score is detailed in Ta-
ble 4.

The score is variable between 0 and 18. The receiver operating characteristic (ROC) curve was performed for
a preliminary validation in a stepwise procedure (confidence interval Cl = 95%). Maximum of specificity (84%)
and sensibility (78%) were seen in cutoff value of 9. Patients could be stratified by risk using these findings into
2 groups. Low risk GISTs if MSCT score < 9 and high risk GIST if MSCT score > 9 (p = 0.003) (Figure 2). It
has been proposed to use a new model of 4 groups:

Very low risk group: MSCTI (score is 0 to 4), Low risk: MSCT Il (score 5 to 9), Moderate risk: MSCT I
(score 10 to 14), High risk: MSCT 1V score (15 to 18).

The ROC curve model was reestablished for each subgroup. The area under the curve (AUC) was significant
for all the subgroups of the MSCT score. AUC for the validation of MSCT | was 0.92 (95% CI, 0.85 - 0.96), for
MSCT Il was 0.9 (95% ClI, 0.85 - 0.95), for MSCTIII was 0.86 (95% CI, 0.85 - 0.96) and for MSCT IV was
0.78 (95% ClI, 0.75 - 0.85) (Figure 3).

The final step in the statistical analysis was to evaluate the clinical utility of the MSCT score in the assess-
ment of GIST risk. A comparison between the Miettenen-Lasota and the new scoring system was performed us-
ing inter rater agreement between them as tow categorical items (Cohen’s kappa coefficient). The correlation
was significant (Kappa = 0.82 p = 0.001). The results are shown in Table 5.

4. Discussion

Appropriate management of GISTs requires accurate diagnosis and must always involve a multidisciplinary
team (MDT) approach. Eighty five percent of primary GISTs are resectable and diagnosis is usually confirmed
by the histopathologic examination of removed specimens [1] [2]. In these cases, initial diagnosis is based on
imaging [3].The type of investigation used initially will depend on the mode of presentation and local availabil-
ity. Because of the unavailability of the endoscopic ultrasound (EUS) and the FDG PET scan, MSCT is usually
the initial investigation. GISTs characterization as a distinct entity permitted to codify some specific radiologic
features [4] [5]. Our study showed that the MSCT is useful in the diagnosis of primary tumor, and guides deci-

sion in case of complication.
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GISTs prognosis can vary significantly among patients within the same stage. Response to treatment is usual-
ly unpredictable and recurrence can occur in 50% of properly resected cases [6] [7]. Many validated prognosis
stratification tools are available in the assessment of patient’s outcome. The Armed Forces Institute of Pathology
(AFIP) risk stratification, the modified National Institutes of Health (NIH) scheme, and the prognostic heat maps
may be the most frequently used methods. All of these schemes consider tumor mitotic count, site and size. Tu-

Table 4. MSCT" score.

Criteria Score calculation

Size (cm) <5=05t010=1,>10=2
Localization Gastric = 0, other = 1 unknown = 2
Contour Rounded =0, lobulated = 1
Growth pattern Endo or exoluminal = 0, mixed = 1
Aspect before contrast Homogenous = 0, heterogeneous = 1
Enhancement Massive = 0, moderate = 1
Boundary Clear = 0, unclear =1
Necrosis Absent = 0, moderate = 1, severe = 2
Ulceration Absent =0, Present = 1
Cystic area Absent =0, Present = 1
Ascitis Absent =0, Present = 1

Fat infiltration Absent =0, Present = 1

Liver metastasis Absent =0, Present = 1
Carcinomatosis nodule Absent =0, Present = 1
Lymphadenopathy Absent =0, Present = 1

“MSCT: multislice computed tomography
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Figure 2. ROC curve analysis for MSCT score.
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Figure 3. Sub-group risk stratification.
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Table 5. MSCT" scoring system vs. Mietteinen-lasota.

Miettinen-Lasota

MSCT Total
Verylow Low Moderate High
Very low 10 0 1 0 11
Low 1 8 0 0 9
Moderate 1 1 9 2 13
High 0 0 1 16 17
Total 12 9 11 18 50

“MSCT: multislice computed tomography

mor rupture was recently considered in the modified NIH scheme and the prognostic heat maps [8]. All these
tools are based on the evaluation of specimen’s characteristics and are useful only for resected tumors.

It is admitted that the advent of tyrosine kinase inhibitor revolutionized the prognosis of metastatic and locally
advanced tumor. Preoperative imatinib therapy can shrink the tumor size, increase the resectability rate and
achieve a potentially better clinical outcome [9]-[12]. For these reasons the assessment of big lesions makes al-
ways a decisional controversy [13] [14].

Currently, borderline resectable tumors (big size, rupture risk, organs invasion), metastatic, and recurrent tu-
mors are reasonable indications for neoadjuvant imatinib. However, there is no high-level evidence supporting
this approach. National comprehensive cancer network (NCCN) recommends treating patients on an individual
basis [15]. Preoperative assessment tool is needed for this category of patients.

Many radiologic signs were considered as predictor of malignant behavior and affecting survival rate for
GISTs. Non gastric location, big size, irregular surface, unclear boundary, presence of invasion, heterogeneous
enhancement, hepatic metastasis, and peritoneal dissemination were described in many series as associated with
poor outcome [16]-[20]. These results should be confirmed for small tumors < 10 cm. Statistics confusion is
frequent for large tumors analysis. These lesions tend usually to have mucosal ulceration, central necrosis, cystic
area, and heterogeneous enhancement following IV contrast injection. To our knowledge, MSCT risk stratifica-
tion system was never described before. In our study we were able to validate a fifteen items score based on ra-
diologic features which could significantly predict the outcome. It can be helpful in the management and guide
MDT decision for locally advanced GISTSs.

However, we consider these results as limited. The small size of the data, the retrospective review and the
frequency of big lesions could make confusion. This preliminary validation of radiologic risk stratification is to
be validated on larger prospective series.

5. Conclusion

Many sophisticated radiologic examinations are available in the investigation of GISTs. The role of MSCT in
the diagnosis, staging, and follow up is non-discussable. Its role in the prognostic assessment should also be
considered.
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