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Abstract
This review is part two of three, which will present 
an update on the classification of gastrointestinal 
submucosal tumors. Part one treats of the diagnosis 
and part three of the therapeutic methods regarding 
gastrointestinal submucosal tumors. In the past there 
has been some confusion as to the classif ication 
of gastrointestinal submucosal tumors. Changes in 
classifications have emerged due to recent advances in 
mainly immunohistochemistry and electron microscopy. 
The aim of this paper is to update the reader on 
the current classification. Literature searches were 
performed to find information related to classification 
of gastrointestinal submucosal tumors. Based on these 
searches the twelve most frequent submucosal tumor 
types were chosen for description of their classification. 
The factors that indicate whether tumors are benign or 
malignant are mainly size and number of mitotic counts. 
Gastrointestinal stromal tumors are defined mainly by 
their CD117 positivity. In the future, there should be no 
more confusion between gastrointestinal stromal tumors 
and other types of submucosal tumors.
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INTRODUCTION
Submucosal tumors (SMTs) are mesenchymal tumors 
and as such, they may have very diverse origins. SMTs 
were originally divided into being of  muscular or neural 
derivation. However, in the past decade it has become 
more obvious that the SMT group, gastrointestinal stromal 
tumors (GISTs), cannot be placed in any of  these groups. 
This conclusion has been drawn based on the electron 
microscopic and immunohistochemical features, since 
GISTs in about 95% of  cases stain positively for the 
protein CD117[1-3]. This protein is not expressed by any of  
the other SMTs, except for heterotopic pancreatic tissue[3], 
which however does not pose a differential diagnosis since 
it is easily differentiated from GISTs by light microscopy. 
However, as metastases from various sites may also present 
as SMTs, there is almost no limitation to the origin of  
SMTs.

Differing between benign and malignant SMTs 
may course few problems, whereas it creates a special 
obstacle to distinguish between a benign SMT and the 
potentially malignant GIST. GISTs may appear benign 
both in mitotic counts and lack of  cellular atypia, but 
still behave malignantly[4]. Therefore it is of  great value 
that immunohistochemistry has been introduced, since 
staining for few proteins provides the information for this 
classification.

The implementation of  immunohistochemistry in the 
definition of  GISTs and other recent chances regarding 
the classification of  SMTs, have created a need for a 
review in this field. The aim of  this paper is to update the 
reader on particularly immunohistochemistry, morphology, 
and other characteristics of  the 12 most frequently encou-
ntered SMTs for classification purposes, grouped as benign 
or malignant.

BENIGN SUBMUCOSAL TUMORS
SMTs smaller than 3 cm are generally considered benign 
tumors. The number of  mitotic counts allowed for benign 
SMTs varies among the different SMTs.

Leiomyomas
On cut section leiomyomas have a pale, firm, rubbery or 
whorled appearance[6]. Microscopically, they constitute of  
a bland spindle cell population arranged in fascicles and 
whorls. Mitoses are lacking or few in number and necrosis 
is normally absent[7]. Concerning immunohistochemistry, 



leiomyomas are globally positive for desmin and smooth 
muscle actin, but negative for CD34 and CD117 proteins[8]. 

Mal ignant change is ver y rare in le iomyomas. 
Thus, a leiomyoma does not represent a presage of  a 
leiomyosarcoma in most cases[10-12].

Schwannomas
On cut section, Schwannomas are grey in color[13]. 
Microscopically, spindle cells are seen with vague nuclear 
palisading. There are often sprinkled lymphocytes and 
a nodular lymphoid cuff[8,9,13]. Immunohistochemically, 
Schwannomas are pos i t ive for S100-prote in and 
vimentin[3,9,13].

Schwannomas are always benign and have never 
been reported to develop malignancy[8,9]. Therefore, it is 
important to differentiate them from GISTs, which they 
resemble both grossly and clinically. Immunohistochemistry 
provides the sufficient distinction[9,13].

Granular cell tumors
This benign neoplasm is of  neural origin (Schwann 
cell) and often involves peripheral nerves in mucosa or 
connective tissue[14,15].

Microscopically, granular cell tumors typically infiltrate 
between adjacent tissues and the overlying mucosa may 
show pseudocarcinomatous hyperplasia[15,16]. Furthermore, 
they most commonly appear as sheets of  uniform 
histiocyte-like cells with an abundant, eosinophilic, 
per iodic ac id-Schiff-react ion-posi t ive cytoplasm 
containing lysosomal granules and small vesicular nuclei[7]. 
Immunohistochemically, granular cell tumors are S100 
protein- and neuronspecific enolase-positive, lending 
support to their neural derivation[1,7,9,16].

Malignant change is very rare and based strictly on the 
presence of  metastases[7].

The firm consistency of  granular cell tumors makes 
it difficult to achieve a biopsy[14]. If  the biopsy is too 
superficial, granular cell tumors may be confused with 
squamous cell carcinoma, since the overlying mucosa may 
show pseudocarcinomatous hyperplasia[16].

Heterotopic pancreatic tissue  
The cut surface of  heterotopic pancreatic tissue is typically 
tan[17]. If  the covering mucosa is intact, the heterotopia 
appears smooth-walled and well circumscribed[18]. 
Microscopically and immunohistochemically, heterotopic 
pancreas may contain all features of  a normal panc-
reas[1,18,19]. 

Though rare, malignancy in heterotopic pancreas must 
be considered[1,19-21].

Differential diagnoses. If  mucus retention is present, 
heterotopic pancreatic tissue can be hard to differ from 
duplication of  the stomach and mucinous carcinoma[19]. If  
acini and ducts are missing, it may be misinterpreted as an 
adenomyoma[17].

Lipomas
The cut surface in a lipoma is homogenously yellow, 
lobulated and has the appearance of  adipose tissue[17,22]. 
Microscopically, l ipomas are composed of  mature 
adipose tissue surrounded by a fibrotic capsule[1,9]. They 

arise mostly from submucosal fat, but infrequently 
from subserosal fat[22,23]. Fat cells are S100 positive, 
and CD34 posit ive spindle cel ls may be seen, but 
immunohistochemistry plays little role in the diagnosis of  
lipomas[24].

Neither solitary l ipomas nor l ipomatosis has a 
malignant potential. Liposarcomas are exceptionally 
rare and will therefore not be mentioned further in this 
review[1].

Neurofibromatosis
Neurofibromas are classified into three groups as either 
being localized, diffuse or plexiform, the latter being 
pathognomonic for neurofibromatosis type 1 (von 
Recklinghausen Disease). Diffuse neurofibromas are rare 
in the GI tract[25,26]. They normally involve the myenteric 
nerve plexus[25].

Macroscopically, localized neurofibromas are fusiform 
or diffuse tumors with a gray or tan cut surface. Plexiform 
neurofibromas have a ropelike appearance, when they 
involve non-branching nerves, but are described as “a bag 
of  worms”, when they involve highly branching nerves[25].

Localized and plexiform neurofibromas have the same 
microscopic appearance, but the latter is organized into 
multiple fascicular units. The tumors consist of  spindle 
cells loosely arranged (Schwann cells and fibroblasts) with 
varying amounts of  intervening collagen. Frequently, 
accumulation of  mucopolysaccharides results in a 
gelatinous or myxoid tumor[25,27]. Immunostaining for 
S-100 may reveal residual myelinated nerve fibers[25].

Malignant progression may be seen especially in 
patients with plexiform neurofibromas forming malignant 
peripheral nerve sheath tumors[28]. 

Vascular tumors
Hemangiomas: Hemangiomas are classified into three 
major types: capillary, cavernous or mixed. The former 
is the commonest and results in small tumors, contrary 
to the cavernous, which may involve long segments and 
all wall layers of  the ileum[1]. Hemangiomas represent 
either true neoplasms or hamartomas[29]. Microscopically, 
sheets of  spindle cells are seen, interspersed by clusters of  
erythrocytes[9]. Immunohistochemically, hemangiomas are 
positive for CD31, CD34 and factor Ⅷ[3,9].

Lymphangiomas: Histologically, the presence of  
lymphocytes in lymphangiomas aids the differentiation 
f rom hemang iomas [1 ] . Immunoh i s tochemica l l y, 
lymphangiomas are typically factor Ⅷ and D2-40 positive, 
where D2-40 is more specific and aids the differentiation 
from hemangiomas[3]. 

MALIGNANT SUBMUCOSAL TUMORS
SMTs larger than 3-5 cm, with mitotic counts greater than 
2 per 10 high power fields or that involve more layers are 
generally considered high-risk tumors for malignancy. 
GISTs have another classification, as described below[2,9].

Leiomyosarcoma
Leiomyosarcomas are predominantly exophytic and macros-
copically visible (Figures 1 and 2)[30,31]. Microscopically, 
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necrosis, cellular and nuclear pleomorphism, mitotic figures 
and atypical mitoses are typically seen (Figure 3)[17,30,32]. 
There may be areas of  fibrosis, hyalinization or necrosis[17]. 
Leiomyosarcomas are positive for desmin and smooth 
muscle actin, but negative for CD34 and CD117[9].

Differentiat ion between leiomyosarcomas and 
leiomyomas is difficult, but leiomyosarcomas may possess 
typically malignant features as disorganized microscopic 
appearance, a high mitotic index and the presence of  
metastasis[31]. 

Gastrointestinal Kaposi’s sarcoma
Microscopically, Kaposi’s sarcoma exhibit erythrocytes 
trapped in clefts in pleomorphic spindle cells, and may 
therefore be classified as a vascular tumor[1,9]. Kaposi's 
sarcomas are positive for vimentin and smooth muscle 
actin and typically also for CD31 and CD34. A little more 
than 50% are positive for factor Ⅷ[3]. Furthermore, human 
herpes virus 8 can be demonstrated by polymerase chain 
reaction[9,33].

The most important differential diagnosis is bacillary 
angiomatosis[34]. Additionally, flat Kaposi’s sarcomas may 
be confused with a cytomegalovirus (CMV) lesion[7].

Metastases in the gastrointestinal tract
Microscopic and immunohistochemical s imilarity 

between the primary tumor and another tumor suggests 
metastasis[35,36]. Immunohistochemistry may therefore be 
essential in determining the origin of  the metastasis[36]. 
Differential diagnoses to metastases are mainly primary 
tumors[35,37].

Gastrointestinal stromal tumors
Immunohistochemistry was the reason for the introduction 
of  the GIST appellation in 1983[38]. Still, many SMTs were 
misclassified as GISTs and vise versa until recently[5,39].

Macroscopica l ly, low-r isk GISTs are typica l ly 
circumscribed but not encapsulated. The cut surface is 
without whorls and has a characteristic grey color. High-
risk GISTs are sarcomatous on the cut surface, white, 
fish flesh like, and may show signs of  hemorrhage, 
calcification, ulceration, necrosis, cystic areas and myxoid 
degeneration. However, these features may also be seen 
in larger low-risk GISTs. Neither endophytic features nor 
ulcerations necessarily equals malignancy[1,4,40].

Microscopically, GISTs typically have spindle cell 
morphology, but epithelioid morphology may be seen[1,8,41]. 
Immunohistochemically, CD117 protein is a rather specific 
marker for GISTs with 95% positivity for the protein 
(Figure 4)[1-3]. The World Health Organization suggests 
that this may be the single, best defining feature of  GISTs. 
The 5% of  GISTs negative for CD117 are due to artifacts, 
sampling errors, clonal evolution (perhaps in imatinib 

Figure 1  Exophytic leiomyosarcoma of the ileum, measuring 6 cm x 5 cm x  
3 cm. A fibrin coated mucosa with stigmata of hemorrhage and discolorations of 
the adjacent mucosa can be seen (Courtesy by S Duun).

Figure 2  Cut surface of the leiomyosarcoma presented in Figure 1, showing a 
possible necrosis and a white, fish-flesh-like color, as typical for sarcomas. The 
surface did not bulge on incision (Courtesy by S Duun).

Figure 3  The leiomyosarcoma presented in Figures 1 and 2. It is of low 
malignancy, but shows nuclear atypia, pleomorphism and mitoses. (HE, x 100) 
(Courtesy by S Duun).

Figure 4  Histological findings of a GIST showing a positive CD117 immunohisto-
chemical reaction. (× 200) (Courtesy by B Vainer).
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treatment) and only 2% actually lack CD117[3,5]. The latter 
seem to have mutations in platelet derived growth factor 
receptor alpha (a CD117-related tyrosine kinase receptor) 
instead[42]. About 70% of  GISTs are positive for CD34[3]. 
Furthermore, nearly all GISTs will show diffuse and strong 
staining for vimentin[3]. A recent investigation has shown 
no significant correlation between survival, histological 
tumor type (epithelioid or spindle cell) and CD34 
immunoreactivity (positive versus negative)[43]. Electron 
microscopic features are a mixture of  autonomic nerve 
and smooth muscle cells[9,44].

About 20%-30% of  all GISTs display malignant 
behavior[45,46]. All GISTs are potentially malignant and thus 
cannot be classified as benign versus malignant. Instead, 
they are regarded as being of  very low risk (tumor < 
2 cm and < 5 mitoses/50 high power fields), low risk, 
intermediate risk or high risk (tumor > 5 cm and > 5 
mitoses/50 high power fields or tumor >10 cm regardless 
of  mitotic activity) for recurrence and metastasis or overtly 
malignant (proven metastases at initial diagnosis)[1,43,47]. A 
recent study has found a perhaps more clinically useful 
classification focusing on three factors: tumor size (smaller 
or larger than 5 cm), hemorrhage/necrosis (absence or 
presence) and Ki-67 LI (proliferation marker; more or 
less than 3%), which shows significant difference between 
benign and malignant defined this way[45]. 

As typical for sarcomas, GISTs generally do not 
metastasize to the regional lymph nodes[48], but instead 
spread hematogenously to the liver or metastasize to the 
peritoneum[41,49,50]. These are also the commonest sites of  
recurrence[47,51]. A few GISTs seem to lack mitotic activity, 
but still metastasize[4,5]. Due to this unpredictable behavior, 
all GISTs must be treated as potentially malignant.

Microscopic differential diagnoses are leiomyoma, 
leiomyosarcoma, Schwannoma (if  the nuclei have a 
palisade conformation), neurofibroma and more[48]. 
Differentiation is made with immunohistochemistry or 
electron microscopy.

CONCLUSION
The combination of  size, histological, immunohisto-
chemical and, if  possible, ultrastructural criteria is the 
most precise way of  classifying SMTs and defining benign 
or malignant properties. Concerning the possibility of  
malignancy, this should always be considered when SMTs 
are larger than 3 cm or with mitotic counts greater than 2 
per 10 high power fields. However, GISTs should always 
be considered potentially malignant.

Smooth muscle derived SMTs (e.g. leiomyomas and 
leiomyosarcomas) stain strongly and diffusely for desmin 
and smooth muscle actin and are negative for CD34 and 
CD117 as opposed to GISTs, which are mostly positive 
for the CD34 and CD117 biomarkers, with the latter 
being an almost specific marker for GISTs. Accordingly 
mesenchymal tumors are now less likely to be misclassified. 

As a third group, SMTs of  neurogenic origin (e.g. 
Schwannomas, granular cell tumors and neurofibromas) 
typical ly show posit iv i ty for S100 and negat iv i ty 
for desmin, actin and CD117. Vascular tumors (e.g. 
hemangiomas, lymphangiomas and Kaposi’s sarcomas) are 

typically factor Ⅷ positive. Immunohistochemistry plays 
little role in the diagnosing of  lipomas and heterotopic 
pancreatic tissue, as their microscopic appearance is easily 
recognized.
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