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A b s t r a c t

We studied the use of immunocytochemical analysis
with material procured by endoscopic ultrasound–
guided fine-needle aspiration (EUS-guided FNA) 
for the diagnosis of subepithelial intramural
gastrointestinal (GI) mesenchymal neoplasms
(SIGIMNs). We identified all EUS-guided FNA
specimens of SIGIMNs that had undergone
immunocytochemical analysis. Results were compared
with follow-up histologic diagnoses. There were 95
aspirates that were diagnosed as GI mesenchymal
tumors (GI stromal tumors [GISTs], n = 46),
leiomyomas (n = 38), peripheral nerve sheath tumors
(n = 5), and other neoplasms by cytologic examination.
Immunoreactivity with antibodies to CD117 always
predicted GIST at follow-up; 15 of 16 cases
immunoreactive with antibodies to CD34 were found 
to be GISTs at follow-up. Strong immunoreactivity with
antibodies to smooth muscle actin or desmin usually
predicted a leiomyoma at follow-up aside from a single
glomus tumor and a case with apparent nonneoplastic
smooth muscle contaminant. When sufficient material 
is present, immunocytochemical analysis used with
material obtained by EUS-guided FNA is highly
predictive of final pathologic diagnosis.

Endoscopic ultrasound–guided fine-needle aspiration
(EUS-guided FNA) has been shown to be a safe and effec-
tive method for the sampling of gastrointestinal (GI) and
adjacent lesions, including subepithelial intramural GI mes-
enchymal neoplasms (SIGIMNs).1-8 The distinction of the
various types of mesenchymal neoplasia can be important
because these lesions may have different prognoses and may
be amenable to different treatments (eg, gastrointestinal stro-
mal tumors [GISTs] can be treated with tyrosine kinase inhi-
bition). Although retrospective studies have described the
cytologic features and immunocytochemical profiles of the
various lesions, we are not aware of a large study that inves-
tigated the positive predictive value of cytologic diagnosis
coupled with immunocytochemical analysis.1,3-9 This study
reviews our experience with the use of immunocytochemical
analysis applied to samples of SIGIMNs obtained by EUS-
guided FNA.

Materials and Methods

The cytologic files of Hennepin County Medical Center,
Minneapolis, MN, were searched for all SIGIMNs sampled by
EUS-guided FNA that had sufficient cell block material to
allow for ancillary immunocytochemical studies. The original
interpretations of the immunocytochemical results were used
for all cases. With almost all cases, results for each stain were
recorded as positive or negative. Positive staining was usually
described as strong and diffuse immunoreactivity, whereas
negative staining was described as “nonreactive.” The rare
cases that were described as having weak and focal staining
were considered negative for the purposes of this study.
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All samples were originally obtained by a gastroenterol-
ogist (F.M.M., R.L., and S.M.) using a linear echoendo-
scope. Samples were procured using 19- and 23-gauge nee-
dles. A cytopathologist (E.B.S., S.M.D., M.W.S., and
R.H.B.) attended the sampling of all cases, interpreting air-
dried, rapid Romanowsky–stained material on-site and
directing material for cell block preparation. This was
accomplished by allowing material to clot on a slide and then
scraping it into 10% buffered formalin. The procedure was
usually terminated when the attending pathologist believed
enough material had been collected for cell block. Cell-
block material was then processed per routine histology.
Three H&E-stained sections were cut at 5 µm thick, and
intervening ribbons were kept for later use as needed. After
examination of the H&E-stained cell-block material,
immunocytochemical analysis was ordered at the discretion
of the pathologist to whom the case was assigned. Adequate
material was present for immunocytochemical analysis in
approximately 80% of cases.10

Immunocytochemical analysis was performed using a
Ventana Benchmark and a Benchmark XT (Ventana,
Tucson, AZ) using prediluted antibodies. Antibodies
included Ventana Pathway anti–c-KIT, Ventana Confirm
anti-Desmin, Ventana anti–Muscle Actin, Ventana anti–Pan
Keratin (AE1/AE3/PCK26), Ventana Confirm anti-S100,
Ventana Confirm Anti-Vimentin, Ventana Confirm anti-
CD34, and Enzo Life Sciences (Farmingdale, NY) anti-
Melanoma (HMB-45).

Follow-up was identified within the surgical patholo-
gy files of Hennepin County Medical Center or, alterna-
tively, through written communication with the patients
and subsequent communication with the patients’ referral
institutions. Final results were compared with original FNA
interpretations.

Results

There were 95 SIGIMNs sampled by EUS-guided FNA
that had immunocytochemical results. The lesions were
diagnosed by FNA as follows: GIST, 46; smooth muscle

tumor,  38; peripheral nerve sheath tumors, 5 (granular cell
tumor, 1; schwannoma, 4); glomus tumor, 1; spindle cell
neoplasm, not otherwise specified, 3; and smooth muscle
present, 2. Immunocytochemical results for these interpreta-
tions are summarized in ❚Table 1❚. Of note, 41 GISTS were
located in the stomach, 2 in the esophagus, and 2 in the duo-
denum, and 1 appeared extragastrointestinal. Of the leiomy-
omas, 24 were located in the esophagus and 14 in the stom-
ach. Of the peripheral nerve sheath tumors, 3 were located in
the esophagus and 2 in the stomach. The glomus tumor was
located in the stomach. Two of the unspecified spindle cell
tumors were located in the esophagus, and 1 was in the duo-
denum. The 2 cases that showed only scant smooth muscle
by FNA were located in the esophagus and stomach.

Follow-up information was retrieved for 29 cases. These
included 18 GISTs, 6 leiomyomas, 3 peripheral nerve sheath
tumors (2 schwannomas and 1 granular cell tumor), 1 glomus
tumor, and 1 carcinoid tumor. The preliminary cytologic diag-
noses and immunocytochemical findings are given in ❚Table

2❚. Of note, all cases given a specific cytologic interpretation
originally were diagnosed the same at resection. One case
originally interpreted as “spindle cell neoplasm” was found to
be a duodenal carcinoid tumor at resection, and a case inter-
preted as “smooth muscle and lymphocytes” was found to be
a schwannoma at resection.

On follow-up, all tumors that had been immunoreactive
with antibodies to CD117 were found to be GISTs at resec-
tion. Of the 16 cases originally found to be immunoreactive
with antibodies to CD34, 15 were found to be GISTs at fol-
low-up. The lone case not found to be a GIST was a carcinoid
tumor, and we believe that the immunoreactive vasculature
was misinterpreted in this case. Immunoreactivity with anti-
bodies to smooth muscle actin (SMA) was limited in all but
1 case to leiomyoma and the glomus tumor. The schwanno-
ma noted to have been SMA immunoreactive at biopsy had
been given a descriptive interpretation for its cytologic mate-
rial because the material was so limited that the pathologist
believed it to represent possible contaminant from the normal
wall. All cytologic cases found to be immunoreactive with
antibodies to S-100 were found to be peripheral nerve sheath
tumors at follow-up.

❚Table 1❚
Cytologic Interpretations and Immunocytochemical Findings in Gastrointestinal Mesenchymal Neoplasms*

Cytologic Interpretation CD117 CD34 SMA Desmin S-100

Gastrointestinal stromal tumor 36/37 37/39 1/38 0/11 0/37
Leiomyoma 0/37 0/31 37/37 14/14 0/30
Peripheral nerve sheath tumor 0/5 1/4 1/3 0/4 5/5
“Smooth muscle present” 0/2 0/2 2/2 NA 0/1
Spindle cell neoplasm, not otherwise specified 0/3 1/3 1/3 0/1 1/3

SMA, smooth muscle actin.
* Data are given as number positive/number tested.
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Discussion

EUS-guided FNA has proved itself to be a safe and effec-
tive means for the sampling of submucosal lesions of the
upper GI tract, rectum, and anus. Unlike conventional tech-
niques that use forceps biopsy, EUS-guided FNA can sample
deep-seated lesions that may only involve the submucosa or
muscularis propria. Such tumors are usually mesenchymal;
however, epithelial and hematopoietic neoplasms can mani-
fest as subepithelial lesions. The distinction of these tumors
from one another is obviously important for prognostic and
therapeutic reasons, even for the various mesenchymal neo-
plasms. All GISTs are potentially malignant and require ade-
quate margins when resected.11 Patients with GISTs who can-
not undergo resection or who have metastatic tumors can be
treated with tyrosine kinase inhibitors that specifically block
the KIT receptor. Most other mesenchymal neoplasms of the
GI tract are unequivocally benign, require surgery only for
palliative reasons, and will not respond to therapeutic tyrosine
kinase inhibition.

Our results show that a small battery of immunostains,
including CD117, CD34, SMA, and S-100, may be all that is

required to correctly prospectively diagnose most SIGIMNs
sampled by EUS-guided FNA ❚Image 1❚, ❚Image 2❚, and
❚Image 3❚. This is likely the case because almost all mesenchy-
mal lesions will be GISTs, leiomyomas, or benign peripheral
nerve sheath tumors. Undoubtedly, there are a few caveats.

First, it has recently been demonstrated that up to 4% of
GISTs may actually lack immunoreactivity with antibodies to
CD117.12 These GISTs may be composed of epithelioid or
spindled cells and are frequently associated with mutations of
the gene encoding platelet-derived growth factor receptor α.
Approximately half of these cases will show immunoreactivi-
ty with antibodies to CD34. Although focal immunoreactivity
with antibodies against SMA and S-100 protein is sometimes
seen with these tumors, diffuse immunoreactivity is not gen-
erally seen with either antibody. Desmin immunoreactivity is
not seen. We had 1 case that demonstrated CD34 immunore-
activity without CD117 reactivity that we prospectively diag-
nosed as a GIST. Unfortunately, we were unable to retrieve
follow-up information for that case. In general, the differential
diagnosis for a mesenchymal neoplasm of the gut with
immunoreactivity with antibodies to CD34 but not with anti-
bodies to CD117 or S-100 protein should include vascular

Anatomic Pathology / ORIGINAL ARTICLE

❚Table 2❚
Diagnoses at Resection, Original Cytologic Interpretations, and Immunocytochemical Results for 29 Gastrointestinal
Mesenchymal Neoplasms With Follow-up Information

Diagnosis

Final Cytologic CD117 CD34 SMA S-100 Desmin Other

GIST GIST + + – – ND
GIST GIST ND + ND – ND Vimentin+; CK–; 

HMB45–
GIST GIST + + ND ND ND
GIST GIST ND + – – ND
GIST GIST + + – – ND
GIST GIST + + – – ND
GIST GIST ND + – – – CK–
GIST GIST + + – – –
GIST GIST + ND – ND ND CK–
GIST GIST + + – – ND
GIST GIST + ND – ND ND
GIST GIST + ND – – –
GIST GIST + + – ND ND
GIST GIST + + – – ND
GIST GIST + + – – ND
GIST GIST + + – – ND
GIST GIST ND + ND ND ND
GIST GIST + + – – ND CK–
Leiomyoma Leiomyoma ND ND + ND ND
Leiomyoma Leiomyoma – – + – ND
Leiomyoma Leiomyoma – – + ND ND
Leiomyoma Leiomyoma – – + – + Vimentin–
Leiomyoma Leiomyoma – – + – ND
Leiomyoma Leiomyoma – – + – +
Glomus tumor Glomus tumor – – + – – Vimentin+; CK–
Schwannoma Schwannoma – – ND + –
Schwannoma Descriptive – – + – ND Vimentin+; CK–
Granular cell tumor Granular cell tumor – – ND + ND
Carcinoid Spindle cell tumor – + – – ND

CK, cytokeratin cocktail (pankeratin); Descriptive, descriptive diagnosis given; GIST, gastrointestinal stromal tumor; ND, not done; SMA, smooth muscle actin.
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tumors or even solitary fibrous tumor. One should be able to
exclude most vascular tumors by using cell-block H&E histo-
logic examination, and the use of antibodies to other antigens,
such as CD31, factor VIII–related antigen, or even human her-
pesvirus 8, could be considered. We would be hesitant about
diagnosing a solitary fibrous tumor of the gut, especially with
the limited material present in a cell block from a lesion locat-
ed in the wall of the gut.

Malignant melanomas or clear cell sarcomas may mani-
fest as primary lesions or as metastases throughout the GI
tract.13-16 One needs to be especially aware of these lesions in
the anorectal area.13 We have seen few aspirates from this area
and have yet to sample (to the best of our knowledge) one of
these cases. Malignant melanomas or clear cell sarcomas may
be composed of epithelioid or spindle cells and are typically

immunoreactive with antibodies to S-100 and CD117.13 We
did not have a single case that showed such an immunopheno-
type but do believe that the use of both antibodies together,
rather than CD117 alone, is helpful for excluding such tumors.
When melanoma is considered, using other more specific anti-
bodies, such as HMB45, may be helpful.13

When sufficient tissue was present, the only tumors we
noted to be immunoreactive with antibodies to SMA were
leiomyomas and a single glomus tumor. That said, a number
of fibroblastic and myofibroblastic lesions can involve the GI
tract (eg, fibromatosis and inflammatory myofibroblastic
tumors).17-20 These lesions do not histologically resemble
leiomyomas (for the most part). Leiomyomas do not produce
collagen (like many fibroblastic and myofibroblastic tumors)
and have blunt, spindle cells with very eosinophilic cytoplasm

A B

C D

❚Image 1❚ Cell-block immunostained slide of a gastrointestinal stromal tumor. A, CD117 (×100). B, CD34 (×100). C, Smooth mus-
cle actin (×100). D, S-100 (×100).
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and tapered nuclei. These features can usually be recognized
with the H&E-stained cell block. When in doubt, additional
immunocytochemical analyses can be performed. Most
leiomyomas show strong and diffuse immunoreactivity with
antibodies to desmin, whereas most fibroblastic and myofi-
broblastic lesions do not. Other stains, such as anaplastic
lymphoma kinase and β-catenin, can also be helpful for
identifying specific lesions such as inflammatory myofi-
broblastic tumors and fibromatoses, respectively.17,19

Furthermore, as mentioned, some GISTs do not react with
antibodies to CD117 or CD34 and can be immunoreactive
with antibodies to SMA. For this reason, desmin may actu-
ally be a better marker for smooth muscle neoplasia because
it may retain the sensitivity of SMA and actually have a
much better specificity.

Potentially, it could also be difficult to distinguish
leiomyomas and leiomyosarcomas. Although most tumors
previously diagnosed as leiomyosarcomas of the GI tract
would now be diagnosed as GISTs, true leiomyosarcomas of
the GI tract occur.21,22 Unlike at other sites of the body, true
leiomyosarcomas of the GI tract have appeared clinically and
histologically malignant. Although not reported in this series,
the single esophageal leiomyosarcoma that we have seen aspi-
rated by EUS-guided FNA was obviously clinically malignant
and had marked cytologic atypia.23

We have also wondered whether sampling of the GI wall,
namely of the muscularis propria, might lead to the erroneous
diagnosis of a smooth muscle tumor. Although it is uncom-
mon, we have seen fragments of smooth muscle in cell blocks
made from EUS-guided FNA specimens of the pancreas,

Anatomic Pathology / ORIGINAL ARTICLE

A B

C D

❚Image 2❚ Cell-block immunostained slide of a leiomyoma. A, CD117 (×100). B, CD34 (×100). C, Smooth muscle actin (×100). D,
S-100 (×100).
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likely sampled as the needle was passed through the gastric or
duodenal wall. In a single case, we identified smooth muscle
within a cell block by immunocytochemical analysis that had
to have been a contaminant because the patient was found to
have a gastric schwannoma at resection. With this case, there
was so little tissue in the cell block that we were not comfort-
able with an interpretation of leiomyoma and instead used a
descriptive diagnosis, “smooth muscle with lymphocytes.” We
believe that the case serves as a warning and that abundant
stromal tissue should be present before one unequivocally
diagnoses neoplasia, especially with leiomyomas.

Finally, it should be remembered that true epithelial neo-
plasms can be composed of spindle cells. This is certainly true
with neuroendocrine carcinomas, such as carcinoid tumors, but it
is also true with adenocarcinomas and squamous cell carcinomas,

especially of the esophagus. With such cases, a cytokeratin cock-
tail or pankeratin immunostain can be used, and it will readily
allow for the diagnosis of most spindle cell epithelial neoplasms.
Antibodies to endocrine antigens, such as chromogranin, can
then be helpful for identifying neuroendocrine differentiation.

We believe a small battery of immunocytochemical stains
may be all that is needed to diagnose most SIGIMNs that are
sampled by EUS-guided FNA. For the most part, we now stain
most cases with antibodies to CD117, CD34, SMA, and S-100
(Images 1-3). The results of these stains and the H&E histo-
logic features seen with our cell blocks allow us to correctly
classify the tumors prospectively. Antibodies to epithelial anti-
gens or antigens specific for melanoma should be used when
atypical immunostaining patterns are seen.

A B

C D

❚Image 3❚ Cell-block immunostained slide of a schwannoma. A, CD117 (×100). B, CD34 (×100). C, Smooth muscle actin (×100).
D, S-100 (×100).
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