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Abstract

AIM: To investigate computed tomography (CT) and
magnetic resonance imaging (MRI) manifestations of
rectal gastrointestinal stromal tumors (GISTs) in order
to enhance the recognition of these rare tumors.

METHODS: Fourteen patients with pathologically prov-
en rectal GISTs were retrospectively reviewed. Patient
histories were retrospectively reviewed for patient age,
gender, presenting symptoms, endoscopic investiga-
tions, operation notes and pathologic slides. All tumors
were evaluated for CD117, CD34 expression, and the
tumors were stratified according to current criteria of
the National Institutes of Health (NIH). In all cases the
first pre-operation imaging findings (CT and MRI, n = 3;
MRI only, 7 = 8; CT only, n = 3) were analyzed by two
experienced radiologists by consensus, which include:
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tumor size, shape, CT density (hypodense, isodense
and hyperdense), MRI signal intensity (hypointense,
isointense and hyperintense), epicenter (intraluminal
or extraluminal), margin (well-defined or ill-defined),
internal component (presence of calcifications, necro-
sis, hemorrhage or ulceration), pattern and degree of
enhancement, invasion into adjacent structures. After
review of the radiologic studies, clinical and pathologi-
cal findings were correlated with radiological findings.

RESULTS: The patients, 13 men and 1 woman, were
aged 31-62 years (mean = 51.5 £ 10.7 years). The
most common initial presentation was hematochezia (n
= 6). The mean tumor diameter was 5.68 + 2.64 cm
(range 1.5-11.2 cm). Eight lesions were round or oval,
and 6 lesions were irregular. Eleven lesions were well-
defined and 3 had ill-defined margins. Ten tumors were
extraluminal and 4 were intraluminal. The density and
MR signal intensity of the solid component of the le-
sions were similar to that of muscle on unenhanced CT
(n = 6) and T1-weighted images (7 = 11), and hyper-
intense on T2-weighted MR images. Calcification was
detected in 2 tumors. Following intravenous injection
of contrast media, 3 lesions had mild enhancement and
11 lesions had moderate enhancement. Enhancement
was homogenous in 3 lesions and heterogeneous in 11.
In 1 of 11 patients who underwent both CT and MRI,
the tumor was homogenous on CT scan and hetero-
geneous on MRI. Eight patients were classified as high
risk according to the modified recurrent risk classifica-
tion system of NIH.

CONCLUSION: Rectal GISTs usually manifest as large,
well-circumscribed, exophytic masses with moderate
and heterogeneous enhancement on CT and MRI. The
invasion of adjacent organs, bowel obstruction and lo-
cal adenopathy are uncommon.

© 2013 Baishideng. All rights reserved.
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Core tip: Rectal gastrointestinal stromal tumors (GISTs)
are so rare that little information has been reported
on their radiological features. This study describes the
computed tomography (CT) and magnetic resonance
imaging (MRI) features of rectal GISTs with clinical and
pathological correlation, in order to better understand
this rare disease. Rectal GISTs usually manifest as
large, well-circumscribed, exophytic masses with mod-
erate and heterogeneous enhancement on CT and MRI.
The presence of invasion of adjacent organs, bowel ob-
struction and local adenopathy is uncommon.
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INTRODUCTION

Gastrointestinal stromal tumors (GISTs), which arise
from the interstitial cell of Cajal or its precursot, the
intestinal mesenchymal precursor cell, are the most com-
mon mesenchymal neoplasms of the gastrointestinal
tract. They are defined by their expression of CD117
(KIT), a tyrosine kinase growth factor receptor, which
distinguishes them from other mesenchymal neoplasms
such as lelomyomas, leilomyosarcomas, schwannomas,
and neurofibromas and which determines the appro-
priateness of CD117-inhibitor therapy. Throughout the
length of the gastrointestinal tract, GISTs arise most
commonly in the stomach (60%-70%) followed by the
small bowel (20%-25%), however, GISTSs in the rectum
are extremely rare (5%)". It was reported that GISTs
account for 0.6% of all malignant rectal tumors”. The

imaging features of rectal GISTSs are unclear due to their
[3-6]

rarity and have only been described in small series
Surgical resection remains the initial treatment for local-
ized rectal GISTs", familiarity of these imaging features
may permit preoperative diagnosis and improve the sur-
gical management of patients. The purpose of our study
was to describe the computed tomography (CT) and
magnetic resonance imaging (MRI) features of rectal
GISTs with clinical and pathological cortelation, in order
to enhance the understanding of this rare disease.

MATERIALS AND METHODS

The database of the Department of Surgery at our hos-
pital was reviewed in order to identify patients present-
ing between January 2000 and June 2012 with histologi-
cally and immunochemically confirmed GISTs arising in
the rectum. Fourteen patients were identified during this
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period. Patient histories were retrospectively reviewed
for patient age, gender, presenting symptoms, endoscop-
ic investigations, and surgical notes. Pathologic slides of
the specimens and mitotic activity (number of mitoses
per 50 consecutive high-power fields) were reviewed by
an experienced pathologist, and the tumors were strati-
fied according to the current criteria of the National
Institutes of Health (NTH)", All tumors were evaluated
for CD117 and CD34 expression.

In all cases, the first pre-operative CT or MRI was
reviewed. Of the 14 patients, 3 underwent both CT and
MRI examinations, 8 underwent only MRI examina-
tions and 3 underwent only CT examinations. The CT
and MRI technique varied somewhat due to the dif-
ferent imaging equipment and the retrospective nature
of the study. However, intravenous contrast-enhanced
images had been obtained for studies in all patients. A
retrospective review of CT and MR images was imple-
mented by two radiologists by consensus. The following
imaging features of each mass were assessed: tumor
size, shape, CT density (hypodense, isodense and hypet-
dense), MRI signal intensity (hypointense, isointense and
hyperintense), epicenter (intraluminal or extraluminal),
margin (well-defined or ill-defined), internal component
(presence of calcifications, necrosis, hemorrhage or
ulceration), pattern of enhancement (homogeneous or
heterogeneous), and invasion into adjacent structures.
The degree of enhancement of the lesion was assessed
subjectively and categorized as follows: mild, when the
enhancement was similar to that of adjacent muscle;
moderate, when the enhancement was higher than that
of muscle, but lower than that of blood vessels; and
marked, when the enhancement was approaching that
of blood vessels. High signal intensity in the necrosis on
T1WI was defined as hemorrhage. The adjacent struc-
tures were also assessed for the presence of invasion.
Findings on CT and MRI for abdominal adenopathy and
hepatic metastasis were also evaluated. After review of
the radiologic studies, surgical notes and excised speci-
mens were correlated with radiological findings.

RESULTS

Clinical findings

Our patient cohort included 13 men and 1 woman with
a mean age of 51.5 = 10.7 years (range, 31-62 years), and
the clinical findings are summarized in Table 1. Digital
colorectal examination was performed in 7 patients.
Colonoscopy showed a mass protruding from the rectal
wall with intact overlying mucosa in 6 patients (Figure
1), while a central mucosal ulceration was revealed in 1
patient. Two of these 7 patients underwent additional
endoscopic ultrasonography, which showed hypoechoic
masses that were contiguous with the muscularis propria
of the rectal wall (Figure 1). All masses were found in
the lower part of the rectum, with a distance from the
anal verge ranging from 2.0 to 5.5 cm. Twelve patients
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Table 1 Summary of the presenting complaints of 14

patients with rectal gastrointestinal stromal tumors

Presenting symptoms or signs

Incidental finding on an imaging study
Change of defecation habit
Hematochezia

Pelvic pain

Narrow stools

Difficult defecation

Sense of anal falling inflation

[ N = = N S R ]

underwent radical resection, including abdominoperi-
neal resection (7 = 9) and low anterior resection (7 = 3)
depending on the extent and localization of the tumors.
The other 2 patients underwent transanal excision. At
the time of surgical exploration, none of the patients
had evidence of remote metastasis. Tumor rupture was
not found during surgery. No lymph node metastases
were identified pathologically in all 12 patients who un-
derwent lymphadenectomy.

Pathological findings

Immunohistochemical staining showed that all tumors
wete positive for CD117 (14/14) (Figure 2), while 13
patients were positive for CD34 (13/14). The masses
were solid and grayish-white or dark-red with areas of
hemorrhage or necrosis on the cut sections (Figure 3),
and showed a spindle cell pattern under light microscope
(Figure 2). According to the current NIH classification
scheme, 8 tumors (8/14) had high risk, 3 (3/14) had
intermediate risk, 3 (3/14) had low risk for aggressive
behavior.

Imaging findings

The diameter of the tumors ranged from 1.5 to 11.2 cm
(mean, 5.68 £ 2.64 cm). The tumor was smaller than
5 cm in 4 patients and larger than 5 cm in 10 patients.
Eight masses were either round (# = 2) or oval (n = 6),
and 6 were irregular. The tumors showed definite intra-
luminal tumor growth in 4 patients, whereas extraluminal
tumor growth was seen in the majority of our patients
(10/14) (Figures 1-8). Eleven tumors showed a well-
defined margin, and 3 tumors showed contour irregular-
ity or blurring,

On unenhanced CT images, the density of the 6 tu-
mors was 33-45 HU (mean, 38 HU) which was similar to
that of muscle. Flecks of calcification were detected in
2 extraluminal tumors (Figures 4, 5). Following intrave-
nous administration of contrast media, the majority (4/6)
of rectal GISTs were moderately enhanced masses with
areas of unenhanced low attenuation on CT scan. A ho-
mogeneous pattern of enhancement was less common
and was present in 2 of the patients who underwent CT
studies (Figure 0); in 1 patient who underwent both CT
and MRI, the tumor was homogenous on CT scan, but
demonstrated heterogeneous enhancement with foci of
fluid signal on MR images. All the heterogeneous tumors
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showed areas of fluid density in keeping with cystic
changes on cut sections.

In the 11 cases examined with MRI, the solid com-
ponent of all the tumors was isointense to skeletal
muscle on T1-weighted images and hyperintense on T2-
weighted images. There were some intratumoral high-
intensity foci on T1WI representing hemorrhage (7 = 1)
(Figure 3) and hyperintensity on T2WI corresponding
to necrosis (7 = 8) (Figure 7). Nine of these 11 tumors
were heterogeneous, with non-enhancing components
showing fluid signal. After intravenous administration of
gadolinium, 7 lesions had moderate enhancement and 4
lesions had mild enhancement on fat-suppressed T1WI.
Ulceration to the rectal lumen was seen in 1 patient (Fig-
ure 8). Bowel obstruction, abdominal adenopathy and
remote metastasis were not seen in any of our patients.

DISCUSSION

Although an increasing amount of literature concerning
GISTs has been published, there is little information re-
ported on the radiological features of rectal GISTs due
to their rarity. To our knowledge, this article is the largest
study of rectal GISTs in the radiological literature.

Clinical characteristics

It was reported that rectal GISTs occur in adults be-
tween the fifth and sixth decades with a significant male
predominance (71%)". In this study, there was a marked
male predominance with a male: female ratio of 13:1,
and the mean age at onset was 51.5 years, in line with
the pathological literature. The clinical manifestations of
rectal GISTs depend on the location and size of the tu-
mors and are often nonspecific' . A GIST can remain
clinically silent and present late when the tumor is large.
Two of our patients were asymptomatic and the tumors
were incidental findings, perhaps due to their small size
(less than 3.0 cm in maximum diameter) and tendency
to grow exophytically. The exophytic growth pattern
may also explain why rectal GISTSs rarely cause intesti-
nal obstruction even when they are large. Miettinen ez
al” reported that rectal bleeding was the most common
symptom in patients with a large rectal GIST more than
5 cm. In this study, the most frequent symptom was also
hematochezia.

Imaging features

Rectal GISTs generally manifest as large eccentric mass-
es growing beyond the rectal wall”®. Our series showed
a similar growth pattern. Although larger tumors have
a higher rate of malignancy, size does not predict be-
nignity, and small GISTs have been known to behave in
a malignant fashion"". Since most rectal GISTS arise
within the muscularis propria of the intestinal wall, they
most commonly have an exophytic growth pattern with
the epicenter located well outside the rectum'”"™. GISTs
arising from the anterior rectal wall in male patients can
even mimic tumors of prostatic origin on CT"*. Thus,
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Figure 1 A 40-year-old man with a rectal gastrointestinal stromal tumor. A: Colonoscopy shows a mass protruding from the rectal wall with intact overlying mu-
cosa (arrow); B: Endoscopic ultrasonography shows a well-defined hypoechoic mass located along the right anterior aspect of the rectal wall; C: Sagittal T2-weighted
magnetic resonance imaging shows an oval, homogenous, hyperintense mass with a sharp margin bordering the anterior rectal wall. A small area of anatomical conti-
nuity between the tumor and the anterior rectal wall is observed (arrow); D: Postcontrast T1-weighted image shows a slightly homogenously enhancing mass (arrow).

Figure 2 A 56-year-old man with a rectal gastrointestinal stromal tumor. A: Axial T1WI shows the lesion as a round, intraluminal, homogenous, hypointense
mass with a sharp margin (arrow); B: It shows homogenous hyperintense on T2WI (arrow); C: Sagittal enhanced T1WI shows homogenous moderate enhancement
(arrow); D: Photomicrograph shows fascicular proliferation of spindle-shaped tumor cells (hematoxylin and eosin, x 200); E: The tumor cells were strongly and dif-
fusely positive for CD117 staining (immune-histochemistry, x 200).
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Figure 3 A 62-year-old man with a rectal gastrointestinal stromal tumor.
A: The mass is located between the prostate and the anterior rectal wall and its
epicenter is well outside the rectum. Axial T1-weighted MR image shows a high
signal (arrow) within the mass, in keeping with hemorrhage; B: Sagittal T2WI
shows a heterogenous mixed-intense mass with blurring contour (arrow); C:
Postcontrast T1WI shows the solid component of the mass enhanced hetero-
geneously (arrow); D: Macroscopic cross section shows a pale yellow, tan and
solid mass with hemorrhage (arrow).

the classic rule regarding determination of the organ
of origin based on the location of the epicenter of a
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Figure 4 A 52-year-old man with a rectal gastrointestinal stromal tumor.
The mass is located in the left posterior wall of the rectum with scattered calcifi-
cation (arrow).

Figure 5 A 61-year-old man with a rectal gastrointestinal stromal tumor.
A: The mass located in the left wall of the rectum with fleck of calcification at
the tumor margin (arrow); B: The mass enhanced heterogeneously following
intravenous administration of contrast media.

tumor is often not applicable. In such cases, enhanced
MRI should be performed. MRI with direct multiplanar
capability is definitely more useful in determining the
exact tumor origin, delineating the spatial relation to ad-
jacent structures, and outlining the pelvic floor surgical
anatomy. In our study, tumor-rectal wall continuity was
revealed in the sagittal plane, which suggested the diag-
nosis of a rectal mass. On the other hand, invasion of
adjacent organs was better seen on MRI compared with
CT examination.

In this study, most of the tumors were round or oval
and smooth with well-defined margins. On unenhanced
CT, rectal GISTs appear as isodense with normal muscle
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Figure 6 A 53-year-old man with a rectal gastrointestinal stromal tumor.
A: Computed tomography scan shows a round intraluminal mass with a sharp
margin; B: Photomicrograph shows the tumor originating from the muscularis
propria (arrow) of the rectum (hematoxylin and eosin, x 20).

as the standard for comparison. On unenhanced MRI,
rectal GISTs appear as isointense to skeletal muscle on
T1-weighted images and hyperintense on T2-weighted
images, and moderately or mildly enhanced on CT and/
or MR studies. A heterogeneous pattern of enhance-
ment is more common on CT and/or MR studies, and
was present in 11 of our cases. Heterogeneity corre-
sponds to intralesional necrosis or hemorrhage, which
was confirmed on cut sections. It is likely that MRI may
be superior to CT in detecting the internal component.
Only one of our patients underwent both CT and MRI,
and the tumor was homogenous on CT scan, but was
heterogeneous with fluid signal on MR images.

Although calcification is not a usual clinicopathologic
feature of GISTs, it has been reported in previous stud-
ies® ). Most calcifications within GISTs are circum-
scribed and patchy. In our study, one of the two calcified
tumors showed focal calcification and the other was
mottled. Previous episodes of bleeding or tumor necro-
sis with cystic degeneration may cause calcification”**,
Because these tumors are submucosal, the overlying
mucosa can be intact. However, overlying mucosal ul-
cerations are often present and cause bleeding, and are
more common in high risk GISTs™?,

Differential diagnosis

Unfortunately, there is significant overlap between the
imaging appearances of rectal GISTs and other rectal
diseases, such as epithelial neoplasms, lymphoma or
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Boiovidengs  WIG | www.wjgnet.com

Figure 7 A 59-year-old woman with a rectal gastrointestinal stromal tumor.
The mass is located between the uterus and the anterior rectal wall with focal
fluid signal on T2WI corresponding to necrosis (arrow).

Figure 8 A 31-year-old man with a rectal gastrointestinal stromal tumor. A:
Axial T2WI shows the lesion as an intraluminal mass with ulceration (arrow) of
the rectal lumen; B: The mass is enhanced moderately heterogeneously follow-
ing intravenous administration of gadolinium.

carcinoids. Most of these tumors may be differentiated
from rectal GISTSs by the presence of the following fea-
tures: well-demarcated margins, prominent extraluminal
location and no surrounding adenopathy, and the lack
of bowel lumen constriction despite the large size of
the rectal GIST. This behavior is unlike most cases of
adenocarcinoma which has a propensity for luminal ob-
struction. The appearance of a smooth regular border
is a feature that allows these tumors to be differentiated
from malignant epithelial neoplasms. Signs of intratu-
moral degeneration, such as cystic change, hemorrhage,
and calcification, should exclude lymphoma from the
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differential diagnosis.

Due to the submucosal origin of the tumors, endos-
copy is only of use when the tumor infiltrates the mu-
cosa and can be detected™. In addition to endoscopy,
endoscopic ultrasonography is a valuable technique in
the diagnosis of these tumors because it can reliably dis-
tinguish intramural lesions from extrinsic compression.
Enhanced MRI with an endoluminal coil has been pet-
formed to determine the tumor origin in some reported
casest"™
rarely used in routine examinations.

, but these procedures are invasive, and are

Pathological features

CD117 is the most specific and important diagnostic
molecular marker of GISTs. Most GISTs (more than
95%) express CD117, which can be detected immuno-
histochemically””. Although CD117-positive expression
is very common in GISTs and a major defining charac-
teristic of GISTs, it is not absolutely necessary for the
diagnosis of GISTs. CD34 is also commonly expressed
in GISTs, which is less specific compared with CD117
and is not considered a requirement for the diagnosis
of GISTs either®. The review of pathology in our
patients showed that the tumors were strongly positive
for CD117 and in most cases also CD34, consistent with
previous reports.

The pathologic differentiation and biologic behavior
of GISTs have been continuing topics of controversy
for many years. A small number of GISTs recur or
metastasize despite a histologically benign appearance.
Therefore, some authors support stratifying GISTs into
very low-, low-, intermediate-, and high-risk categories
rather than classifying them as benign or malignant. The
NIH risk classification system, which consists of tumor
size, mitotic count (number of mitoses per 50 consecu-
tive high-power fields), anatomic location, and tumor
rupture, is recommended as a valuable tool for estimat-
ing the clinical behavior of GISTs". Rectal GISTSs have a
high-risk tendencylz’?’] which was observed in the majority
of our patients.

Attempts to predict the potential high-risk behavior
of GISTs from their imaging features is difficult. It was
reported that GISTs with irregular margins, size larger
than 10 cm, central necrosis, ulceration, and heteroge-
neous contrast enhancement are normally regarded as
denoting aggressionpwsj. These signs are mainly derived
from a study population of stomach and small intestine
GISTs and seldom from rectal GISTs. However, our
series is small and no correlation between radiologic ap-
pearance and risk levels could be established with regard
to the degree of necrosis, hemorrhage, ulceration, or
contrast material enhancement.

There are several limitations in this study. The study
was retrospective and the reviewers of the imaging stud-
ies knew that all patients had a pathologically confirmed
rectal GIST, which may have increased the sensitivity for
detecting each imaging sign. In addition, different CT
and MRI equipment and techniques were used. How-
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ever, these problems are simply unavoidable due to the
rarity of this type of tumor, and this should not have
significantly affected the imaging features studied.

In summary, we present the largest series of radio-
logical studies of rectal GISTs to date. These tumors
often present with hematochezia. They are normally
seen as large, bulky, exophytic rectal masses with heter-
ogenous enhancement on CT and MRI. Cross-sectional
imaging, which allows better visualization of the origin
of the mass, its internal components, and other organ
involvement, is indicated for surgical planning;

COMMENTS

Background

Rectal gastrointestinal stromal tumors (GISTs) are very rare, which accounts
for 0.6% of all rectal malignant tumors. Only a few reports concerning the ra-
diological features of rectal GIST has been published due to its rarity. Surgical
resection remains the mainstay of therapy for localized rectal GISTs, familiarity
of their radiological features may permit preoperative diagnosis and improves
surgical management of patients. Thus, it is very important to enhance the un-
derstanding of the imaging features of this rare tumor.

Research frontiers

The current imaging knowledge of rectal GISTs is based on a few case reports.
Grassi et al reported a 4-cm mass in a 70-year-old man that showed marked,
irregular, eccentric thickening of the lateral left wall of the lower third of the
rectum. Hama et al reported a 9.8-cm mass in a 50-year-old man that was
contiguous with the prostate and enhanced on both computed tomography
(CT) and magnetic resonance imaging (MRI). Levy et al reported six anorectal
gastrointestinal stromal tumors, and found that anorectal GISTs were typically
large, well-demarcated anorectal masses containing hemorrhage.

Innovations and breakthroughs

This study contained a relative large cohort of cases of rectal GISTs confirmed
by histology and immunochemistry. All the patients had a complete medical
records including age, gender, presenting symptoms, endoscopic examinations,
surgical notes and pre-operative cross-sectional imaging studies. The authors
focused on the correlation of imaging features of this rare tumor with clinical
and pathological characteristics.

Applications

Rectal GISTs are normally seen as large, bulky, exophytic rectal masses with
heterogenous enhancement on CT and MRI. Cross-sectional imaging, which al-
lows better visualization of the origin of the mass, its internal components, and
other organ involvement, is indicated for surgical planning.

Terminology

GIST is the most common mesenchymal neoplasm of the gastrointestinal tract,
which arises from the interstitial cell of Cajal or its precursor. The rectum is the
rare primary site involving about 5% cases. Due to the submucosal origin of the
rectal GISTs, the presence of the following features allows these tumors to be
differentiated from malignant epithelial neoplasms: well-demarcated margins,
prominent extraluminal location and no surrounding adenopathy, and the lack of
bowel lumen constriction despite the large size of the tumor.

Peer review

The authors reported imaging features of rectal gastrointestinal stromal tumors
with clinical and pathological correlation. The main strength of this study is the
relatively large number (n = 14) of patients and broader spectrum of imaging
findings in this rare tumor. The findings are instructive to both radiologists and
physicians.
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