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Abstract 

Gastrointestinal (GI) tract tumors are rarely seen in children and adolescents, and can easily be misdiagnosed. Lym-
phoma is the most frequent GI tract tumor, and the common locations are ileum and ileocecal area. GI tract tumors 
may present as large heterogeneous mass lesions. For gastric and colonic tumors, increased wall thickening usually 
prompts the diagnosis of GI tract tumors. Computed tomography and magnetic resonance imaging might be used 
in clinically suspected cases for correct/appropriate diagnosis and management. Awareness as regards the most 
common tumors and their locations is paramount for radiologists. Likewise, the aim of this article was to define the 
imaging findings of primary benign and malignant GI tract tumors in children and adolescents.

Keywords:  Pediatric, Mass, Colon, CT, MRI

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Key points

•	 GI tract tumors are rarely seen in children and ado-
lescents and can easily be misdiagnosed.

•	 For the diagnosis of GI tract tumors, increased wall 
thickening is usually suggestive.

•	 In children, ultrasound is the first imaging method to 
evaluate abdominal pathology. Most GI tract tumors 
in children are diagnosed by US after which CT and 
MRI should follow in clinically suspected cases.

Introduction
Cancer arising from the gastrointestinal (GI) tract is 
uncommon in the pediatric age group. No more than 
5% of childhood tumors are seen in the GI tract [1]. Due 
to their rare existence, the current literature contains 
only review of small case series and anecdotal reports 
which have been mainly published in surgery journals. 
The most common GI tract tumors are gastrointestinal 

lymphoma, colorectal carcinoma, gastrointestinal stro-
mal tumors (GIST), inflammatory pseudotumor and gas-
tric tumors (signet ring cell carcinoma, adenocarcinoma, 
etc.) [2–7]. The purpose of this paper was to review the 
most commonly seen primary benign and malignant GI 
tract tumors of the esophagus, stomach, small intestine 
and colon (Table 1) as well as their imaging features using 
ultrasonography (US), computed tomography (CT), and 
magnetic resonance imaging (MRI).

Colon and small intestine
Colorectal carcinoma
Colorectal carcinoma is extremely uncommon in the 
pediatric age group. Most common complaints are 
abdominal pain and vomiting [4–6]. Less common symp-
toms are abdominal distension, palpable abdominal 
mass, or alteration in bowel habits. Signs and symptoms 
of the colorectal carcinoma in the pediatric age group are 
nonspecific and can mimic those of acute abdomen—
including intussusception, intestinal obstruction and 
appendicitis (Fig. 1).

Regarding colon adenocarcinoma, 10% of the patients 
have underlying causes like familial adenomatous poly-
posis, other polyposis syndromes, Lynch syndrome, and 
ulcerative colitis [4]. 50% of pediatric colon carcinomas 

Open Access

Insights into Imaging

*Correspondence:  drhnozcan@yahoo.com
1 Department of Radiology/Subdivision of Pediatric Radiology, Hacettepe 
University School of Medicine Ankara, Sıhhiye 06100, Ankara, Turkey
Full list of author information is available at the end of the article

http://orcid.org/0000-0003-4756-4359
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13244-022-01193-9&domain=pdf


Page 2 of 13Özcan et al. Insights into Imaging           (2022) 13:51 

are mucinous adenocarcinomas, in contrast to adults 
who frequently have adenocarcinoma. A propensity for 
sigmoid and transverse colon disease is present in ado-
lescent patients. In children and adolescents, the progno-
sis of colorectal carcinoma is worse than in adults. The 
poor prognosis is usually related to diagnostic delays. 

Most of the children and adolescents are diagnosed with 
mucinous and/or signet ring cell variants of the colorec-
tal carcinoma which have poor prognosis. Advanced level 
of the tumor at the time of initial diagnosis is due to the 
diagnostic delay and majority of the children have metas-
tasis to local lymph nodes and liver, and in some cases 
they have peritoneal carcinomatosis. Clinical suspicion 
for this tumor is crucial to prevent delay in the diagnosis 
of pediatric patients.

Similar to adults, diagnosis of adenocarcinoma in chil-
dren necessitate colonoscopy and imaging studies (US, 
CT/MRI). Barium studies are not used nowadays. US 
can be helpful while imaging colonic wall and perimesen-
teric fat tissues. In US imaging, the colon wall is normally 
2–3 mm thick and has 5–8 layers. Carcinomas are usu-
ally hypoechogenic and can be seen as bowel wall thick-
ening with disrupted integrity or sometimes as lobulated 
masses. Lymph nodes involved by the tumor are round 
and they lose the fatty hilum. CT and MRI are necessary 
for local/distal extension of the tumor to the peritoneal 
cavity, retroperitoneal lymph nodes and/or metasta-
sis. Colorectal carcinomas can appear as focal, irregular 
wall thickening, pericolonic fat tissue infiltration, serosal 
irregularity and with lymphadenopathy on CT (Figs.  2, 
3). Calcification can be seen in mucinous carcinoma. In 
the early stage of small tumors without wall thickening, 
arterial contrast enhancement might be the only imag-
ing finding. Herewith, the presence of thickening and 
invasion of the wall layers is remarkable when evaluating 
advanced tumor stages. The risk of lymph node metas-
tasis has increased in younger patients (< 40 years) with 
early-stage colon adenocarcinomas [7, 8]. In histopatho-
logical examinations, it has been depicted that nearly 
50% of the lymph nodes in colon cancer are smaller than 
5 mm in terms of size [8]. Lymph node size > 1 cm, short-
long axis diameter ratio, internal heterogeneity, irregu-
lar outer border, attenuation values > 100 Hounsfield 
units (HU), and cluster of three or more normal sized 

Table 1  The most frequent types of gastrointestinal tract tumors

Esophagus Stomach Small bowel Large bowel

Adenoma Polyp Adenoma Polyp

Leiomyoma Lymphoma Hamartoma Lipoma

Adenocarcinoma GIST Lipoma Leiomyoma

Squamous cell carcinoma Leiomyoma/Leiomyosarcoma Leiomyoma Neurofibroma

Lymphoma Teratoma Lymphoma Lymphoma

Leiomyosarcoma Inflammatory pseudotumor GIST Adenocarcinoma

Neuroendocrine tumors Neuroendocrine tumors

Adenocarcinoma

Inflammatory pseudotumor

Fig. 1  An 11-year-old girl was admitted with abdominal pain in 
the last two days. On physical examination, she had abdominal 
tenderness. On US, there was a suspicious appearance of 
intussusception. Contrast-enhanced coronal reformatted CT image 
shows increased wall thickening at the transverse colon seen 
as intussusception (arrows) and increased mesenteric density. 
Segmental colon resection was performed, and the histopathological 
diagnosis was colon adenocarcinoma
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lymph nodes, or any combination of the above, have all 
been used as a combined criteria [8]. Low-density lymph 
nodes can also be present due to the predominantly 
extracellular mucin component of the tumor in mucinous 
adenocarcinoma [9].

MRI is another imaging method to detect the trans-
mural tumor infiltration and to screen for lymph node 
involvement. The majority of colorectal carcinomas have 
soft tissue intensity that narrows the bowel lumen—easily 

seen in all imaging techniques. Colorectal carcinomas 
are generally demonstrated as hypointense masses on 
T1-weighted images and hyperintense-heterogeneous 
masses on T2-weighted images (Fig.  4). Invasion of 
the bowel wall layers with the tumor, after the infiltra-
tion of peripheral adipose tissue, is well observed on 
T1-weighted sequences. Penetration and invasion of 
bowel wall layers are best demonstrated on T2-weighted 
sequences (Fig.  5). Disappearance of hyperintense 

Fig. 2  a–c A 16-year-old girl presented with complaints of fatigue, abdominal pain and diarrhea for the last 6 months. CT examination was 
performed when a suspicious mass was seen in the liver on US. a–c Contrast-enhanced axial and coronal reformatted CT images show diffuse 
increased wall thickening at the splenic flexure and transverse colon (arrows). Note the subcapsular metastatic lesion adjacent to the right liver lobe 
(arrow). Ca-125 level was found to be high (234 U/mL, normal range 0–35 U/mL). The patient was operated and the histopathological diagnosis was 
colon mucinous adenocarcinoma

Fig. 3  a, b A 17-year-old girl with rectal bleeding for the last 2 weeks. Hb level was 9.8 gr/dL (normal range 11.7–15.5 gr/dL). Colonoscopy 
(performed in an external center) showed many irregular mucosal polyps in the descending/sigmoid colon and rectum. Biopsy revealed villous 
adenocarcinoma. The patient underwent total colectomy. a, b Contrast-enhanced coronal reformatted CT images show hypodense polypoid 
tumoral lesions in the descending colon (arrows)
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adipose tissue between the bowel wall and neighboring 
organs or other intestinal loops is considered as extra-
colonic local and regional extension [10]. On diffusion-
weighted images, restricted diffusion is observed owing 
to the tumoral cellularity, not only in the tumor but also, 
in the metastases. Both CT and MRI can assess the peri-
toneal carcinomatosis in the presence of ascites, perito-
neal nodules, mesenteric thickening and fat stranding all 
of which signify peritoneal spread of the disease. Inflam-
matory bowel disease and bowel lymphoma should be 
kept in mind as regards the differential diagnosis. The 
management of colorectal cancer in children is similar 
to adults. Complete surgical excision is the most impor-
tant prognostic factor. Surgery/complete tumor resection 
involving the lymphatic pathway of the affected colon 

segment is the main treatment for carcinoma in adoles-
cent patients. Adjuvant chemotherapy and radiotherapy 
are the other options in the treatment of colorectal carci-
noma with distant extension.

Inflammatory myofibroblastic tumor
Inflammatory myofibroblastic tumor (IMT) or inflam-
matory pseudotumor is used to define a benign and rare 
process particularly involving the lung and orbit, also 
seen at almost every site in the body. Pseudotumors of 
the GI system are uncommon, and they mainly involve 
the stomach, followed by small and large intestines. It 
may be asymptomatic or manifest with abdominal pain, 
intestinal obstruction, dysphagia, anemia, and fever. The 
radiologic features are non-specific and include wall 

Fig. 4  a, b A 14-year-old girl with colon adenocarcinoma. She had blood in her stool and tenesmus for the last 1 month. Hb level was 6.3 gr/dL 
(normal range 11.7–15.5 gr/dL), Ca 19–9: 539 U/mL (normal range 0–35 U/mL), CeA: 207 ng/mL (normal range 0–7 ng/mL). US showed multiple 
lesions in the liver with hypoechoic halo. a Axial fat-saturated T2-weighted MRI demonstrates increased wall thickening at the sigmoid and rectal 
colon (arrows). b Axial fat-saturated T2-weighted MRI shows mild hyperintense liver metastases (arrows). She was operated

Fig. 5  a, b A 14-year-old boy with colon mucinous adenocarcinoma. He had back pain and loss of appetite for the last 1.5 months. His father and 
uncle had colon carcinoma. a Axial fat-saturated T2-weighted image demonstrates diffuse increased wall thickening at the sigmoid colon (arrows). 
b Post-contrast T1-weighted image shows hypoenhancing liver metastases
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infiltration and extraluminal extension [11]. On US, 
they appear like hypoechoic or hyperechoic solid masses 
with variable vascularity on Doppler imaging. CT shows 
well-defined, hypodense, heterogeneous masses in non-
enhanced images. After injection of the contrast mate-
rial, IMTs are seen as homogeneous or heterogeneous 
lesions with variable enhancement on delayed acquisi-
tions (due to the presence of  fibrous tissue formed by 
the accumulation of myofibroblasts and fibroblast). MR 
images display hypointense masses on both T1- and 
T2-weighted images, representing the fibrotic tissue 
(Fig.  6). Their characteristic post-contrast enhancement 
pattern is hypointense lesion in the arterial phase, with 
progressive-variable enhancement in the delayed phase. 
Abdominal IMT should be considered in the differential 
diagnosis of any soft-tissue mass within in the abdomen. 
Despite all the imaging findings, histopathological confir-
mation is needed for accurate diagnosis.

The most common treatment is surgery, although local 
recurrence is higher in the GI tract when compared with 
other locations of involvement. Steroids, NSAIDs and 
radiotherapy are the other adjunctive treatments [12].

Lymphoma
Non-Hodgkin’s lymphoma (NHL) is the most frequent 
tumor of the GI tract in children, and it is frequently of 
B cell origin. Burkitt lymphoma is the most frequent sub-
type of non-Hodgkin’s lymphoma in childhood. Concern-
ing extranodal involvement, GI tract involvement has 
been reported in 22.5% of cases, with abdominal or pel-
vic masses in 45% of the cases [13]. Distal ileum, cecum, 
appendix, and ascending colon are the most common 
sites of involvement; however, the stomach and duode-
num are very rarely involved. The presentation varies 

from no symptoms (with an obscure abdominal mass) to 
more urgent clinical scenarios like intestinal obstruction 
with bilious emesis or abdominal pain due to perforation. 
Of note, intussusception can be another presentation in 
children [14].

GI tract lymphomas are hypoechoic and usually display 
circumferential wall thickening on US. The tumor gen-
erally spreads circumferentially throughout the intesti-
nal submucosa, progressively infiltrating the bowel wall. 
Infiltration of the muscular layers by tumor spread leads 
to narrowing or dilatation in the bowel lumen whereby 
an aneurysmal dilatation may occur. US can also demon-
strate the aneurysmal dilatation of the bowel lumen and 
intussusception [15] (Fig. 7a). CT shows marked focal or 
diffuse thickening of the intestinal wall, loss of stratifica-
tion, and post-contrast soft-tissue attenuation with mini-
mal enhancement (Figs.  7b, 8). Fat planes surrounding 
the tumor are preserved. Accompanying mesenteric lym-
phadenopathies are often seen. MRI can also depict cir-
cumferential, huge constrictive and out-growing masses 
with irregular bowel wall and mucosal fold thickening. 
Majority of the masses are homogeneous, isointense on 
T1-weighted images, and heterogeneous and hyperin-
tense on T2-weighted images. After intravenous contrast 
material administration, the tumor shows mild to mod-
erate enhancement [16]. Moreover, an increased signal 
on diffusion-weighted imaging sequence and diminished 
signal on apparent diffusion coefficient maps are seen 
(Fig.  9). PET/CT is the preferred functional imaging 
technique both for initial staging and to evaluate treat-
ment response in children with Burkitt lymphoma. PET/
CT has been shown to reveal disease sites that are not 
previously identified, possibly leading to upstaging of the 
disease [13].

Fig. 6  a, b A 3-year-old girl with inflammatory pseudotumor. She had fever and weight loss for the last 3–4 months. In physical examination, a 
mass was detected in the abdomen. a Axial fat-saturated T2-weighted image shows hypointense tumor in the ileum (arrows). b Post-contrast 
T1-weighted axial image shows peripherally contrast-enhanced tumor with central necrotic parts (arrows). After biopsy, ALK and SMA positive 
inflammatory pseudotumor was diagnosed
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Differential diagnosis contains inflammatory bowel dis-
ease, gastrointestinal stromal tumor, carcinoma and IMT. 
However, without obstruction, a bulky mass or diffuse 
infiltration with preservation of fat planes, multiple site 
involvement, and associated bulky lymphadenopathies 
are suggestive for lymphoma [17, 18]. Another distinctive 
sign is significantly lower apparent diffusion coefficient 
values in adenocarcinoma as compared to those of lym-
phoma [19].

Adjuvant chemotherapy, radiotherapy, and radioimmu-
notherapy are treatment modalities for the management 
of intestinal lymphoma.

Leiomyosarcoma
Smooth muscle tumors are uncommon in children. Lei-
omyosarcoma accounts for less than 0.2% of all child-
hood malignancies. The most prevalent locations are 
(anywhere in) the GI tract. Jejunum is the most common 
involvement site for leiomyosarcomas in the pediatric 

age group. Presentation varies from none (asymptomatic 
abdominal mass) to occult or active gastrointestinal hem-
orrhage with anemia, intestinal obstruction/perforation 
and intussusception [20, 21]. US demonstrates different 
echo patterns for abdominal sarcomas including homog-
enously hyperechoic and hypoechoic masses as well as 
mixed echo pattern and cystic structures. Coarse calci-
fication is an uncommon finding in this tumor. At CT, 
small tumors may be homogeneously solid, but large 
tumors have extensive areas of necrosis. Specific find-
ings of these malignant tumors are central areas of lower 
density, surrounded by a rim of higher density peripheral 
areas with significant enhancement after contrast admin-
istration. MRI demonstrates a mass—which is isointense 
to muscle on T1-weighted images and heterogeneously 
hyperintense on T2-weighted MR images—containing 
necrosis and heterogeneous post-contrast enhancement. 
It is essential to keep in mind that leiomyosarcoma does 
not include fatty elements [22].

Fig. 7  a, b A 11-year-old girl with Burkitt lymphoma. She complained of abdominal pain for the last 2 months. a US image demonstrates 
pathological diffuse thickening of the intestinal wall (arrow) causing intussusception at the level of the ileal loops and appearance of a 
pseudo-mass. b Axial post-contrast CT image shows mass lesion (arrow) in the right lower quadrant in the intestinal wall. Also note the pelvic fluid

Fig. 8  a, b A 13-year-old boy with Burkitt lymphoma. The patient had abdominal pain and vomiting for the last 15 days. Invagination was detected 
in US performed in an external center. Axial and coronal reformatted CT images show intussusception at the level of the ileocecal valve (arrows)



Page 7 of 13Özcan et al. Insights into Imaging           (2022) 13:51 	

Surgical/en bloc resection is the most accepted treat-
ment option. Adjuvant chemotherapy is another treat-
ment modality in children [23].

Gastric tumors
Most primary gastric tumors stem from epithelial cells 
of the stomach and are prone to be malignant in adults. 
In contrast children, most of the tumors (reported as 
isolated case reports) have mesenchymal origin and 

they are benign, e.g., leiomyoma, benign teratoma, 
hemangioma, adenoma, schwannoma, fibroma and 
nerve fibroma [24]. Borderline tumors of the stom-
ach consist of IMT and epitheliomesenchymal bipha-
sic tumor, malignant tumors of the stomach including 
adenocarcinoma, leiomyosarcoma, malignant germ cell 
tumor, rhabdomyosarcoma, lymphoma and peripheral 
primitive neuroectodermal tumor [25]. Primary malig-
nant gastric neoplasms are uncommon in the pediatric 
age group.

Fig. 9  a–e A 4-year-old boy with Burkitt lymphoma. a, b Axial T2 weighted images show hypointense mass lesions that are difficult to distinguish 
from intestinal loops (arrows). c, d Diffusion-weighted images (b = 800 s/mm2) and (e, f) apparent diffusion coefficient (ADC) maps show diffusion 
restriction in the lesions (arrows)
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Gastric adenocarcinoma
Gastric carcinomas are also unusual in children, respon-
sible for only 0.05% of all GI tumors [26]. Presentation, 
treatment, and biological behavior are similar to those 
seen in adults. Patients present primarily with weight 
loss, vomiting, abdominal pain, or a palpable abdominal 
mass. Patients younger than 30 years (with early disease) 
have better outcome, whereas those with advanced dis-
ease have worse outcomes when compared with older 
patients [26].

Gastric carcinomas are seen on US as areas of focal 
thickening, irregularity or distortion of the layers. US 
can detect the liver metastasis. CT is the most preferred 
technique for the evaluation of local extension of tumor, 
nodal disease and metastases. The particular CT find-
ing is loss of the multilayered pattern and thickening of 
the gastric wall. Focal thickening greater than 5 mm on 
CT in a distended stomach indicates a neoplastic lesion 
(Fig.  10) [27]. MRI and CT findings are similar. Gastric 
carcinomas can appear as focal-irregular wall thickening, 
or as a huge circumferential mass which is hypointense 
on T1-weighted images and heterogeneous-hyperintense 
on T2-weighted images (Fig. 11). After intravenous con-
trast material injection, the lesion has heterogeneous 
enhancement and surrounding fat stranding [28]. Lower 
ADC values and diffusion restriction have been shown 
to be associated with higher TNM classification [29, 30] 
(Fig. 12).

The widest spread types of metastasis in children with 
gastric malignant tumors are lymph node metastasis and 
direct invasion to adjacent tissues [31]. The fundamen-
tal treatment for gastric tumors is surgical resection. For 

sure, a metastatic workup is vital to specify the type of 
surgical resection.

Gastrointestinal stromal tumors
Gastrointestinal stromal tumors (GIST) are the most 
prevalent mesenchymal tumors of the GI tract [32]. They 
occur in the stomach (50–60%), small intestine (30–35%), 
colon and rectum (approximately 5%) and less com-
monly in the esophagus [32, 33]. The frequent finding 
in childhood GIST is anemia (86.4%) which manifests as 

Fig. 10  a, b A 12-year-old girl with gastric adenocarcinoma (signet ring cell carcinoma). She had complaints of abdominal pain, vomiting and 
weight loss that started 3 months ago. a, b Axial contrast-enhanced CT images demonstrate hypodense tumor at the antrum of the stomach 
(arrows) observed as pathological wall thickening

Fig. 11  A 15-year-old girl with gastric adenocarcinoma (signet ring 
cell carcinoma). She had abdominal pain and anemia complaints for 
the last 4–5 months. Her Hb value was 6.9 gr/dL (normal range 11.7–
15.5 gr/dL). Axial T2-weighted image shows diffuse increased gastric 
wall thickening (arrows) and diffuse hyperintense heterogeneous 
metastases at the left liver lobe (asterisk). Note the left adrenal mass 
consistent with metastasis (arrow head)
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acute or subacute bleeding due to the mucosal ulceration 
[33]. Tumor behavior and risk of malignancy rely on size 
(tumor size is < 5 cm), low mitotic index and absence of 
lymphadenopathy [34–36]. GISTs smaller than 5 cm are 
generally regarded benign with a very low risk of recur-
rence. GISTs have unique immunohistochemical pro-
file that is useful for confirming the diagnosis. In 95% of 
the patients, it is significant to determine KIT (CD117) 
which is a tyrosine kinase receptor in the interstitial cells 
of Cajal [35].

Radiological findings of GISTs vary, based on the size 
and aggressiveness of the tumor. Large GISTs are, eccen-
tric, well-circumscribed masses on CT and/or MRI and 
they are often heterogeneous due to necrosis, hemor-
rhage, or cystic degeneration during the time of pres-
entation. Cavitation, ulceration and fistulation to the 
gastrointestinal lumen can be detected in GIST. After 
contrast material administration, these tumors are 
hypervascular with heterogeneous enhancement on CT 

and with intense arterial enhancement on MRI (Fig. 13). 
Small tumors are commonly depicted as submucosal 
or endoluminal polypoid round-shaped masses with 
homogenous contrast enhancement [36–38]. A low ADC 
value and diffusion restriction are suggestive for high 
malignancy risk [37] (Fig. 14).

Gastric leiomyoma, schwannoma, and leiomyosarcoma 
should be considered in the differential diagnosis. How-
ever, GIST tumors are hypervascular on early arterial 
phase and hypoenhancing as compared to the surround-
ing tissues on portal venous phase [38].

Surgery (en bloc resection) is the most accepted 
treatment.

Teratoma
Teratomas are embryonal tumors derived from pluripo-
tent cells. They usually consist of elements from all the 
three germ layers, i.e., ectoderm, endoderm and meso-
derm. In the GI tract, they may be located in the stomach, 

Fig. 12  a–d A 16-year-old girl with gastric adenocarcinoma (signet ring cell carcinoma) and colon adenocarcinoma. a, b US images show 
increased hypoechoic gastric wall thickening (arrows). c, d Post-contrast T1-weighted images show diffuse increased wall thickening in the stomach 
and increased wall thickening in the descending colon (arrows). Postoperative histopathological diagnosis was gastric adenocarcinoma with DNA 
mismatch repair deficiency. The patient was diagnosed with Lynch syndrome (hereditary nonpolyposis colorectal cancer)
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pancreas, mesentery, omentum, etc. Gastric teratomas 
are very rare, and they are responsible for less than 1% of 
all teratomas seen in neonates and infants. Histologically, 
teratomas are classified under three subgroups: mature, 
immature and malignant form. Although rare, malig-
nant gastric teratomas have been reported in the litera-
ture. These tumors usually present with abdominal mass, 
abdominal pain, obstruction, or hematemesis [39–41]. 
US demonstrates a quite large, well-marginated, hetero-
geneous mass including cystic or solid components with 
smooth borders, but might also display fat and calcifica-
tion. On CT scans, a well-defined, mixed cystic and solid 
mass with calcifications and fat density is seen. On MRI, 
the sebaceous component of the mass is hyperintense on 
T1- and T2-weighted images [41]. Diffusion-weighted 

imaging displays diffusion restriction within the mass 
[41]. Fat and coarse calcification content help to exclude 
other tumors in children. The treatment of gastric tera-
toma is complete/wide resection.

Esophageal tumors
Esophageal tumors are scarcely seen in the pediatric age 
group—limited to anecdotal case reports in the litera-
ture. Reasons behind the onset of esophageal tumors in 
younger age groups are uncertain. Esophageal epithe-
lial tumors occur due to chronic irritation from a wide 
range of known environmental carcinogens and gastric 
contents in chronic reflux. Theilen et  al. reported that 
approximately 31% patients with esophageal tumors 
were diagnosed with Barret esophagus and 63% had 

Fig. 13  a, b A 3-year-old boy with duodenal gastrointestinal stromal tumor who had been complaining of vomiting for 3 months. The mass was 
palpable in physical examination. a, b Contrast-enhanced axial CT images show duodenal tumor with calcifications (arrows)

Fig. 14  a, c A 9-year-old girl was admitted to the pediatric emergency department with complaints of black stool and fatigue. She had several 
admissions to various gastroenterology departments during the last 2 years due to recurrent melena and fatigue. In the laboratory tests; Hb was 
7.8 gr/dL (normal range 11.7–15.5 gr/dL) and ferritin was 8.3 ng/mL (normal range 20–336 ng/mL). Meckel’s diverticulum scintigraphy was normal. 
Esophagogastroduodenoscopy and ileocolonoscopy showed a normal appearing mucosa. Abdominal US was normal. a Axial T2-weighted MRI 
shows heterogeneous mass with intratumoral cystic portion at proximal jejunum (arrows). b Diffusion-weighted image (b = 800 s/mm2) and (c) 
apparent diffusion coefficient (ADC) map show diffusion restriction of solid portion of the tumor (arrows). Segmental resection was performed and 
the histopathological diagnosis was jejunal gastrointestinal stromal tumor
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preexisting conditions such as spinal palsy, hiatus her-
nia, esophageal atresia, which were associated with gas-
troesophageal reflux disease as a risk factor for Barrett’s 
esophagus [2]. Dysphagia with significant weight loss and 
presence of a mass in the distal esophagus are the most 
frequent findings at the initial diagnosis of esophageal 
cancers.

Contrast barium studies can be utilized to examine 
the esophagus and esophagogastric junction, and they 
are considered as sensitive techniques for detecting the 
carcinoma except for early stage. Benign or malignant 
strictures that are significant for the tumor should be cor-
related with endoscopy. Moreover, early-stage esophageal 
cancers may not be detected in barium studies. Hence, 
endoscopic evaluation of any suspected abnormality 
should be performed.

The most important aim of CT and MRI in esopha-
geal cancer is to ascertain the stage of the disease as 
well as to plan for the treatment [42–45]. Normal 
diameter of the esophageal wall is 3  mm on CT when 
it is distended. A wall thickness of > 5  mm is specified 

abnormal [45]. Asymmetric thickening of the esopha-
geal wall is a principal but nonspecific CT finding in 
esophageal cancer. The disappearance of fat planes 
between the tumor and adjacent structures in the medi-
astinum, and displacement/indentation of other medi-
astinal structures are accepted as local invasion on CT. 
Additionally, CT may help to screen enlarged lymph 
nodes in the mediastinum and celiac regions, tracheo-
bronchial fistula or tumor extension into the airway 
lumen [46] (Fig. 15). Although MRI findings of esoph-
ageal carcinomas are limited in the literature, these 
tumors appear as areas of iso-intensity relative to the 
residual esophageal wall on T1-weighted images and as 
intermediate-signal-intensity to high-signal-intensity 
on T2-weighted images. Metastatic lesions in the liver 
are seen as iso-hypointense foci relative to the normal 
liver on T1-weighted images and as hyperintense foci 
on T2-weighted images [46]. The differential diagnosis 
based on imaging findings includes esophageal leio-
myoma and leiomyomatosis. Herein, stranding in the 
periesophageal soft/adipose tissues and the presence of 

Fig. 15  a–c A 14-year-old girl with esophagus adenocarcinoma. a, b Axial contrast-enhanced CT images show diffuse hypodense wall thickening 
at the distal part of the esophagus (arrows). c PET/CT image shows focal hypermetabolic activity at the distal part of the esophagus corresponding 
to the mass seen on CT
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local invasion or tracheobronchial fistula are significant 
for malignancy. Since esophageal tumors are very rarely 
observed in children, treatment is based on principles 
used in adults: surgery, radiotherapy, and chemother-
apy are several treatment options.

Conclusion
Gastrointestinal (GI) tract tumors are rarely seen in 
children and have a different and broad histopathologi-
cal spectrum. Awareness and early diagnosis are criti-
cal. Different tumors have different findings. Besides, 
the most frequent tumor in children is ileocecal or 
ileum lymphoma, and they rarely manifest as necrotic 
or heterogeneous mass. Not only gastric/colonic but 
all GI tumors present with increased wall thickening. 
We strongly imply that—despite a normal US evalu-
ation—CT and MRI should be performed in clinically 
suspected cases for prompt diagnosis/management.

Abbreviations
CT: Computed tomography; GI: Gastrointestinal; GIST: Gastrointestinal stromal 
tumor; IMT: Inflammatory myofibroblastic tumor; MRI: Magnetic resonance 
imaging; NHL: Non-Hodgkin’s lymphoma; NSAID: Non-steroidal anti-inflamma-
tory drug; US: Ultrasonography.

Authors’ contributions
HNÖ analyzed, interpreted the patient data and prepared the manuscript. 
ÖÖY and SE performed the literature research. BO interpreted the patient data. 
TK and MH edited the manuscript. All authors read and approved the final 
manuscript.

Funding
No funding was received from any source.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval was obtained from the Hacettepe University School of 
Medicine Non-Interventional Ethics Committee for this study (the committee’s 
reference number GO 19/468).

Consent for publication
Informed consent to publish was obtained from the parents of the children.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Radiology/Subdivision of Pediatric Radiology, Hacettepe Uni-
versity School of Medicine Ankara, Sıhhiye 06100, Ankara, Turkey. 2 Department 
of Pediatric Surgery, Hacettepe University School of Medicine Ankara, Sıhhiye, 
Turkey. 3 Division of Pediatric Oncology, Department of Pediatrics, Hacettepe 
University School of Medicine Ankara, Sıhhiye, Turkey. 

Received: 20 December 2021   Accepted: 19 February 2022

References
	1.	 Ladd AP, Grosfeld JL (2006) Gastrointestinal tumors in children and ado-

lescents. Semin Pediatr Surg 15:37–47
	2.	 Theilen TM, Chou AJ, Klimstra DS, LaQuaglia MP (2016) Esophageal 

adenocarcinoma and squamous cell carcinoma in children and adoles-
cents: report of 3 cases and comprehensive literature review. J Pediatr 
Surg Case Rep 5:23–29

	3.	 Issaivanan M, Redner A, Weinstein T et al (2012) Esophageal carcinoma in 
children and adolescents. J Pediatr Hematol Oncol 34:63–67

	4.	 Salas-Valverde S, Lizano A, Gamboa Y et al (2009) Colon carcinoma in 
children and adolescents: prognostic factors and outcome-a review of 11 
cases. Pediatr Surg Int 25:1073–1076

	5.	 Chantada GL, Perelli VB, Lombardi MG et al (2005) Colorectal carcinoma 
in children, adolescents and young adults. J Pediatr Hematol Oncol 
27:39–41

	6.	 McPhee SJ, Tierney LM, Papadakis MA (2007) Current medical diagnosis 
and treatment. McGraw-Hill, New York

	7.	 Xie X, Yin J, Zhou Z, Dang C, Zhang H, Zhang Y (2019) Young age 
increases the risk for lymph node metastasis in patients with early Colon 
Cancer. BMC Cancer 19:803

	8.	 Rollvén E, Blomqvist L, Öistämö E, Hjern F, Csanaky G, Abraham-Nordling 
M (2019) Morphological predictors for lymph node metastases on com-
puted tomography in colon cancer. Abdom Radiol (NY) 44:1712–1721

	9.	 Horton KM, Abrams RA, Fishman EK (2000) Spiral CT of colon cancer: 
imaging features and role in management. Radiographics 20:419–430

	10.	 Dähnert W (2017) Radiology review manual. Lippincott Williams & Wilkins, 
Philadelphia

	11.	 Patnana M, Sevrukov AB, Elsayes KM, Viswanathan C, Lubner M, Menias 
CO (2012) Inflammatory pseudotumor: the great mimicker. AJR Am J 
Roentgenol 198:217–227

	12.	 Sanders BM, West KW, Gingalewski C, Engum S, Davis M, Grosfeld JL 
(2001) Inflammatory pseudotumour of the alimentary tract: clinical and 
surgical experience. J Pediatr Surg 36:169–173

	13.	 Biko DM, Anupindi SA, Hernandez A, Kersun L, Bellah R (2009) Childhood 
Burkitt lymphoma: abdominal and pelvic imaging findings. AJR Am J 
Roentgenol 192:1304–1315

	14.	 Golden CB, Feusner JH (2002) Malignant abdominal masses in chil-
dren: quick guide to evaluation and diagnosis. Pediatr Clin North Am 
49:1369–1392

	15.	 O’Malley ME, Wilson SR (2003) US of gastrointestinal tract abnormalities 
with CT correlation. Radiographics 23:59–72

	16.	 Toma P, Granata C, Rossi A, Garaventa A (2007) Multimodality imaging of 
Hodgkin disease and non-Hodgkin lymphomas in children. Radiograph-
ics 27:1335–1354

	17.	 Chung EM, Biko DM, Arzamendi AM, Meldrum JT, Stocker JT (2015) 
Solid tumors of the peritoneum, omentum, and mesentery in children: 
radiologic-pathologic correlation: from the radiologic pathology archives. 
Radiographics 35:521–546

	18.	 Karmazyn B, Ash S, Goshen Y, Yaniv I, Horev G, Kornreich L (2001) Signifi-
cance of residual abdominal masses in children with abdominal Burkitt’s 
lymphoma. Pediatr Radiol 31:801–805

	19.	 Avcu S, Arslan H, Unal O, Kotan C, Izmirli M (2012) The role of diffusion-
weighted MR imaging and ADC values in the diagnosis of gastric tumors. 
JBR-BTR 95:1–5

	20.	 Kennedy AP Jr, Cameron B, Dorion RP, McGill C (1997) Pediatric intestinal 
leiomyosarcomas: case report and review of the literature. J Pediatr Surg 
32:1234–1236

	21.	 Bruneton JN, Drouillard J, Roux P (1981) Leiomyoma and leiomyosarcoma 
of the digestive tract: a report of 45 cases and review of the literature. Eur 
J Radiol 1:291–300

	22.	 Hartman DS, Hayes WS, Choyke PL, Tibbetts GP (1992) Leiomyosarcoma 
of the retroperitoneum and inferior vena cava: radiologic-pathologic cor-
relation. Radiographics 12:1203–1220

	23.	 Cummings SP, Lally KP, Pineiro-Carrero V, Beck DE (1990) Colonic leio-
myoma: an unusual cause of gastrointestinal hemorrhage in childhood. 
Dis Col Rect 33:511–514

	24.	 Wang LM, Chetty R (2012) Selected unusual tumors of the gastric: a 
review. Int J Surg Pathol 20:5–14

	25.	 Curtis JL, Burns RC, Wang L, Mahour GH, Ford HR (2008) Primary gastric 
tumors of infancy and childhood: 54-year experience at a single institu-
tion. J Pediatr Surg 43:1487–1493



Page 13 of 13Özcan et al. Insights into Imaging           (2022) 13:51 	

	26.	 Nakamura N, Yamamoto H, Yao T et al (2005) Prognostic significance of 
expressions of cell-cycle regulatory proteins in gastrointestinal stromal 
tumor and the relevance of the risk grade. Hum Pathol 36:828–837

	27.	 Esposito F, Di Serafino M, Mercogliano C et al (2019) The pediatric 
gastrointestinal tract: ultrasound findings in acute diseases. J Ultrasound 
22:409–422

	28.	 Hallinan JTPD, Venkatesh SK (2013) Gastric carcinoma: imaging diagnosis, 
staging and assessment of treatment response. Cancer Imaging 13:212

	29.	 Giganti F, Ambrosi A, Chiari D et al (2017) Apparent diffusion coefficient 
by diffusion-weighted magnetic resonance imaging as a sole bio- marker 
for staging and prognosis of gastric cancer. Chin J Cancer Res 29:118–126

	30.	 Liu S, Wang H, Guan W et al (2015) Preoperative apparent diffusion coeffi-
cient value of gastric cancer by diffusion-weighted imaging: Correlations 
with postoperative TNM staging. J Magn Reson Imaging 42:837–843

	31.	 Zheng N, Xiao XM, Dong KR, Chen L, Ma YY, Li K (2016) Primary gastric 
tumors in infants and children: 15 cases of 20-year report. J Cancer Res 
Clin Oncol 142:1061–1067

	32.	 Price VE, Zielenska M, Chilton-MacNeill S, Smith CR, Pappo AS (2005) 
Clinical and molecular characteristics of pediatric gastrointestinal stromal 
tumors (GISTs). Pediatr Blood Cancer 45:20–24

	33.	 Miettinen M, Lasota J, Sobin LH (2005) Gastrointestinal stromal tumors of 
the gastric in children and young adults: a clinicopathologic, immuno-
histochemical, and molecular genetic study of 44 cases with long-term 
follow-up and review of the literature. Am J Surg Pathol 29:1373–1381

	34.	 Furman MS, Connolly SA, Brown SD, Callahan MJ (2020) The pediatric 
stomach - masses and mass-like pathology. Pediatr Radiol 50:1180–1190

	35.	 Gill AJ, Chou A, Vilain R et al (2010) Immunohistochemistry for SDHB 
divides gastrointestinal stromal tumors (GISTs) into 2 distinct types. Am J 
Surg Pathol 34:636–644

	36.	 Bano S, Puri SK, Upreti L, Chaudhary V, Sant HK, Gondal R (2012) Gastro-
intestinal stromal tumors (GISTs): an imaging perspective. Jpn J Radiol 
30:105–115

	37.	 Zhou HY, Zhang XM, Zeng NL, Jian SH, Tang W (2012) Use of conven-
tional MR imaging and diffusion- weighted imaging for evaluating the 
risk grade of gastrointestinal stromal tumors. J Magn Reson Imaging 
36:1395–1401

	38.	 Dietrich CF, Jenssen C, Hocke M, Cui XW, Woenckhaus M, Ignee A (2012) 
Imaging of gastrointestinal stromal tumours with modern ultrasound 
techniques - a pictorial essay. Z Gastroenterol 50:457–467

	39.	 Gupta DK, Srinivas M, Dave S, Agarwala S, Bajpai M, Mitra DK (2000) 
Gastric teratoma in children. Pediatr Surg Int 16:329–323

	40.	 Gore MD, Fernbach SK (2002) Gastric teratoma. Radiology 225:497–499
	41.	 Saha M (2010) Malignant gastric teratoma: report of two cases from a 

single center. Pediatr Surg Int 26:931–934
	42.	 Beavers AJ, Khan A, Uddin N, Weakley DL, Setoodeh S, Pfeifer CM (2019) 

Multimodal depiction of a rare immature gastric teratoma from fetus to 
infant. Radiol Case Rep 14:372–376

	43.	 Gupta S, Levine MS, Rubesin SE, Katzka DA, Laufer I (2003) Usefulness of 
barium studies for differentiating benign and malignant strictures of the 
esophagus. AJR Am J Roentgenol 180:737–744

	44.	 Noh HM, Fishman EK, Forastiere AA, Bliss DF, Calhoun PS (1995) CT of the 
esophagus: spectrum of disease with emphasis on esophageal carci-
noma. Radiographics 15:1113–1134

	45.	 Hong SJ, Kim TJ, Nam KB et al (2014) New TNM staging system for 
esophageal cancer: what chest radiologists need to know. Radiographics 
34:1722–1740

	46.	 Riddell A, Hillier J, Brown G et al (2006) Potential of surface-coil MRI for 
staging of esophageal cancer. AJR Am J Roentgenol 187:1280–1287

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Imaging findings of gastrointestinal tract tumors in children and adolescents
	Abstract 
	Key points
	Introduction
	Colon and small intestine
	Colorectal carcinoma
	Inflammatory myofibroblastic tumor
	Lymphoma
	Leiomyosarcoma

	Gastric tumors
	Gastric adenocarcinoma
	Gastrointestinal stromal tumors
	Teratoma

	Esophageal tumors
	Conclusion
	References


