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Abstract: Granular cell tumors (GCTs) in esophagus are rare tumors lacking of systemic large group reports. In this 
study, we summarized the clinical characteristics, histological features and therapeutic approaches of 31 cases. 
GCTs generally located at middle and distal of the esophagus in middle aged and elderly patients with no incidence 
of gender differences. Histologically, tumor cells were mainly plump and polygonal with abundant, granular, ampho-
philic or eosinophilic cytoplasm. The growth pattern was solid or nested, usually with minimal infiltration and inflam-
matory infiltrates and lymphoid aggregation. All GCTs in the present study were benign according to Nasser criteria. 
Nestin, NSE, CD68 and S100 protein were moderate to strong positive. Moreover, a developmental morphology of a 
GCT was found, which included areas of relatively normal Schwann cells, transitional cells and typical cells of GCTs. 
All patients received endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD). Twenty-six 
patients were followed up and remained clinically well. In conclusion, GCTs of esophagus are neurogenic origin tu-
mors with favourable prognosis. Definite diagnosis of GCTs relies upon pathological examination. The Nasser criteria 
for stratification are practical in guiding treatment strategy. ESD is a recommended therapeutic strategy, and the 
range of application is expanding.
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Introduction

Granular cell tumors (GCTs) were firstly descri- 
bed by Abrikossoff in the tongue in 1926 [1]. 
Then, they have been reported in different 
parts throughout the body, most commonly in 
oral cavity, skin, and subcutaneous tissue, and 
less common in the breast, thyroid, respiratory 
tract, biliary tree, female genital tract, nervous 
system, and all segments of the gastrointesti-
nal tract [2-6]. Approximately 8% of GCTs devel-
op in the gastrointestinal tract, and the most 
common site being the esophagus, which is 
involved in one-third to two-thirds cases [7, 8]. 
In the esophagus, GCTs are most commonly 
found incidentally during endoscopy. They usu-
ally present as a small nodule or plaque with 
grayish-white to yellow color endoscopically 
[7-10]. They are generally restricted to the sub-
mucosal layer of the esophagus. Endoscopic 
ultrasound (EUS) is valuable in characterizing 
these lesions. The most widely accepted theory 
is that they are neurogenic origin, arising from 

the Schwann cells, which form part of the sub-
mucosal neuronal plexus in the esophagus [8]. 
Although the majority of GCTs are benign, malig-
nant potential has been described, particularly 
for larger lesions [7]. The histological criteria of 
malignancy proposed by Fanburg-Smith are still 
debatable among pathologists, with metastasis 
being the sole criterion of malignancy with 
unanimous agreement [11]. 

Most GCTs of the esophagus have been report-
ed as small series or single case report, and 
diagnosis and therapeutic methods varied. In 
the present study, we summarized clinicopatho-
logical characteristics of 31 cases and com-
bined the up-to-date progress trying to propose 
some accessible approaches in diagnosis and 
treatment. 

Methods and materials

The archives of the department of pathology at 
Drum Tower Hospital and Veterans Affairs 
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Boston Healthcare System were searched over 
the period 2003 to 2013 for cases of granular 

Table 1. Antibodies used for immunohistochemis-
try
Marker Supplier Dilution
S100 DakoCytomation (Z0311) 1:300
CD34 DakoCytomation (QBEnd/10) 1:250
CD68 DakoCytomation (PG-M1) 1:300
SMA DakoCytomation (1A4) 1:300
Desmin DakoCytomation (D33) 1:150
CD117 DakoCytomation (A4502.R) 1:500
CD8 DakoCytomation (C8/144B) 1:400
NSE DakoCytomation (BBS/NC/V1-H14) 1:400
Ki67 DakoCytomation (M1B-1) 1:400
Nestin ZSGB-Bio (10C2) Undiluted

Figure 1. A. The GCT of esophagus presented as a 
small nodule with grayish-white color endoscopically. 
B. Endoscopic ultrasound (EUS) showed the GCT was 
restricted to the submucosal layer of the esophagus.

cell tumors occurring in esophagus. Thirty-
one cases were identified and reassessed by 
three experienced pathologists, including 29 
cases in Drum Tower Hospital and 2 cases in 
Veterans Affairs Boston Healthcare System. 
The medical records of all patients with GCT 
were reviewed for demographic data, size 
and site of the tumors, endoscopic ultra-
sound information, and treatments. For the 
prognostic evaluation, clinical information 
was obtained from the follow-up data. The 
median follow-up time was 18 months (2-54). 

The tumor tissues were fixed by 10% neutral 
buffered formalin and embedded by paraffin, 
sections of 4 μm thickness were stained with 

hematoxylin and eosin (HE), immunohisto-
chemistry (IHC) and histochemistry. The IHC 
stain was performed following EnVision meth-
od. The antibodies being used in this study 
were showed in Table 1. The histochemistry 
stain was performed with periodic acid–Schiff 
(PAS). HE slides were reviewed for the following 
detailed pathologic information: necrosis, atyp-
ia, hyperplasia index and mitoses (count per 
10HPF). 

We evaluated all slides using an Olympus BX 41 
microscope by three observers. When discrep-
ancies arose, the cases were reviewed using a 
multiheaded microscope to achieve a consen-
sus. The Nasser criteria [12] were adopted to 
evaluate malignancy of these tumors.

Results

The median age of identified patients was 49 
years (range, 24 to 71 y) at time of diagnosis. It 
occurred with equal frequency in male and 
female (male : female = 16:15). Clinical data 
showed that most lesions located in middle 
and distal of the esophagus. Nearly all cases 
had single lesion, with maximal diameters rang-
ing from 2 mm to 28 mm. Only one patient had 
two small lesions. Excluding 2 cases with 
obscure therapeutic information, 12 patients 
received endoscopic mucosal resection (EMR), 
and the other 17 patients received endoscopic 
submucosal dissection (ESD). Bleeding was the 
only complication that we met, presenting once 
respectively in patients received EMR and 
those received ESD. The bleeding was not 
severe and could be controlled by endoscopic 
hemostasis. There was no delayed bleeding. 
Twenty-six patients were followed up, they 
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remained clinically well, without evidences of 
recurrence or metastasis. Most GCTs located in 
submucosal of the esophageal wall by endo-
scopic observation. Clinically, tumor locations 
were uncertain in 5 cases, therefore, EUS was 
performed for assistance in diagnosis. As a 
result, three of the tumors located in submuco-
sal and the other two were muscular propria 
connected. They were both hypoechoic, homo-
geneous on EUS. Endoscopic characteristics 
were showed in Figure 1 and Table 2.

Distribution of GCTs in esophagus Layers under 
microscopy was generally consistent to the 
result of clinical evaluation. Histologically, all 
GCTs had normal overlying mucosa (Figure 2A); 
tumor cells were mainly plump and polygonal 
with mild or moderate cellularity (Figure 2B); 
spindling and/or vesicular nuclei with promi-
nent nucleoli could be found in 5 cases (Figure 
2D, 2E). The cytoplasm of tumor cells was 
abundant, granular, amphophilic or eosinophil-
ic (Figure 2B, 2C). The growth pattern was solid 
or nested, usually with minimal infiltration into 
adjacent tissues (Figure 2F). Some GCTs had 
prominent inflammatory infiltrates and lym-
phoid aggregation (Figure 2F). Mitosis was 

scarce, necrosis was absent in all cases, thus, 
they were benign according to Nasser criteria. 
Interestingly, a developmental morphology of 
GCT was showed in one case, which included 
areas of relatively normal Schwann cells (Figure 
3A), transitional cells (Figure 3B) and typical 
cells of GCTs (Figure 3C). The transitional cells 
generally kept the arrangement pattern of nor-
mal Schwann cells, however, the nuclei turned 
oval and round, and the cytoplasm turned to be 
granular. Despite of these changes, these tran-
sitional cells were general showed a uniform 
and benign appearance. 

PAS staining was positive and diastase resis-
tant in available 10 cases (Figure 4A). 
Immunohistochemical results demonstrated 
that tumor cells were moderate to strong posi-
tive staining of Nestin, NSE and S100 protein 
(Figure 4B-D), and were negative staining of 
SMA, Desmin, CD117 and CD34. CD68 was 
typically moderate positive (Figure 4E). Ki67 
had a low labelling index (Figure 4F), usually 
less than 2%. The scattered lymphocytes in 
tumor stroma or the hyperplastic lymphoid tis-
sues around the tumor were showed positivity 
of CD45RO (Figure 4G) and CD8 (Figure 4H). Of 
note, the stroma around the nest of tumor cells 
were positive for CD34 (Figure 4I).

Discussion 

The clinical data showed that GCTs occur most 
commonly in the fourth to sixth decades of life, 
and generally locate in middle and distal of the 
esophagus. No gender tendency was observed 
in this cohort. In a few cases, primary GCTs of 
the esophagus may occur in multiple sites at 
the time of initial presentation [13]. In this 
series, only one case had two adjacent small 
lesions. If GCTs underlies mucosa, pseudoepi-
theliomatous hyperplasia may occur, imitating 
squamous cell carcinoma [14, 15], while all our 
cases had normal overlying mucosa including 
large lesions. GCTs of the esophagus usually 
appear as grayish-white to yellow color, sessile 
mass on endoscopy. They were mainly located 
in the submucosal layers of the esophagus wall 
which were hypoechoic, homogeneous and 
margined on EUS. These findings highly sug-
gest GCTs. Differential diagnosis includes other 
submucosal tumors, such as leiomyomas aris-
ing from the muscularis mucosa, gastrointesti-
nal stromal cell tumors, and metastasis [8, 16]. 
Leiomyomas should especially be considered 

Table 2. Results of endoscopy and EUS in 31 
patients with GCT
Endoscopic characteristics n = 31 (%)
Location 
    Upper 4 12.9
    Mid 11 35.5
    Distal 13 41.9
    More than one lesion 1 3.2
    Not available 2 6.5
Maximum diameter in single patient
    < 10 mm 19 61.3
    10-20 mm 9 29.0
    > 20 mm 1 3.2
    Not available 2 6.5
Wall layers estimated by EUS*
    Submucosa based 3 60
    Muscular propria connected 2 40
Therapeutic management
    EMR 12 38.7
    ESD 17 54.8
    Surgical resection 0 0
    Not available 2 6.5
*For the 5 cases in which endoscopic ultrasonogra-
phy (EUS) images were available for review.
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in differential diagnosis since they are both 
hypoechoic and margined masses, however, 
GCTs are usually slightly more echogenic than 

leiomyomas [13] and display posterior shadow-
ing with a coarse internal echo and high bound-
ary echo [17].

Figure 2. HE stained histological characters of GCTs of esophagus. A. GCTs of esophagus usually had normal over-
lying mucosa; B. Tumor cells were mainly plump and polygonal with mild or moderate cellularity; D, E. Spindling 
and/or vesicular nuclei with prominent nucleoli could be found casually. B, C. The cytoplasm of tumor cells were 
abundant, granular, amphophilic or eosinophilic. F. The growth pattern was solid or nested, usually with minimal 
infiltration into adjacent tissues and prominent inflammatory infiltrates and lymphoid aggregation.

Figure 3. A developmental morphology of a GCT of esophagus. It included areas of (A) relatively normal Schwann 
cells, (B) transitional cells and (C) typical cells of GCTs. The transitional cells generally kept the arrangement pat-
tern of normal Schwann cells, however, the nuclei turned oval and round, and the cytoplasm turned to be granular.
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Despite that clinical characters are of great 
help, the definite diagnosis of GCTs relies upon 
pathological examination. The histological 
characteristics of these tumors are distinctive. 
They are composed by sheet or nested of pump, 
round or polygonal cells with granular ampho-
philic or eosinophilic cytoplasm and uniformly 
small round and pyknotic nuclei. Mitoses and 
binucleate cells are rarely seen in benign GCTs. 
PAS staining is positive and diastase resistant. 
Immunohistochemical staining generally show 
that GCTs are strongly positive for Nestin, S100, 
NSE, and various myelin proteins, and negative 
for SMA, Desmin, CD117 and CD34. It is impor-
tant to note that the stroma around the tumor 
cells were positive for CD34. It was reported 
that GCTs of the gastrointestinal tract express 
of nestin, a class VI intermediate filament pro-
tein present normally in neuroectodermal stem 
cells and early skeletal muscle cells [18]. This 

finding suggested that GCTs may arise from a 
common multipotential stem cell in the diges-
tive tract that has the capability to differentiate 
between both interstitial cells of Cajal and 
peripheral nerve pathways. Murakata and 
Ishak [19] reported that expression of inhibin-α 
in 100% of 17 gallbladder and extrahepatic bili-
ary GCTs, which was probably useful in differen-
tial diagnosis. 

The immunohistochemical results imply the 
neurogenic origin of GCTs. Combining the histo-
logical features and immunohistochemical 
results, it is not difficult to give a correct diag-
nosis. Interestingly, a developmental morphol-
ogy recorded the formation process of a GCT, 
which gave a potent evidence of neurogenic 
origin. 

Histogenesis of malignant granular cell tumor 
is still vaguely understood. So far, no specific 

Figure 4. Immunohistochemistry (IHC) and histochemistry staining results of GCTs of esophagus. (A) PAS staining 
was positive and diastase resistant. Tumor cells were moderate to strong positive staining of (B) Nestin, (C) NSE and 
(D) S100 protein. (E) CD68 was moderate positive. (F) Ki67 had a low positivity. The scattered lymphocytes in tumor 
stroma or the hyperplastic lymphoid tissues around the tumor were showed positivity of (G) CD45RO and (H) CD8. 
The stroma around the tumor cells were positive for (I) CD34.
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karyotype characterizes these tumors [11, 20]. 
Fanburg-Smith et al proposed six histological 
criteria for separating of atypical or malignant 
GCTs [21]. Their criteria are as follows: 
increased nuclear-to-cytoplasmic ratio; nuclear 
pleomorphism; necrosis; spindling of tumor 
cells; vesicular nuclei with prominent nucleoli; 
and a mitotic count of more than two in 10 
high-power fields. They adopted a three-tier 
classification dividing GCTs into benign (none of 
the above criteria or focal pleomorphism), atyp-
ical (1-2 criteria), and malignant (3-6 criteria). 
However, some of the proposed criteria, such 
as pleomorphism and increased nuclear to-
cytoplasmic ratio, are subject to interobserver 
variation and show weak reproducibility among 
different pathologists complicating the diag-
nostic spectrum and rendering the separating 
limits between the different diagnostic sub-
groups hazy. Nasser et al [12] proposed a sim-
pler and more practical and clear diagnostic 
criteria. Their diagnostic criteria based on the 
presence of necrosis (whether single cell or 
zonal) and/or mitoses (respecting Fanburg-
Smith criteria), and designated that tumors 
without any of the two features as benign gran-
ular cell tumors, and tumors demonstrating at 
least one feature as granular cell tumors with 
uncertain malignant potential. They considered 
metastases as the only denominator of malig-
nant cases. Classification of malignant cases 
did not based on histology alone. All our cases 
were benign according to Nasser criteria, and 5 
cases presenting spindling of tumor cells or 
vesicular nuclei with prominent nucleoli were 
classified as atypical GCT following to Fanburg-
Smith criteria. We adopt the Nasser criteria in 
this study because it has clear repercussions 
on the patient’s treatment strategy. In addition, 
tumor cells or individual cells usually infiltrate 
the surroundingt tissues, presenting infiltrative 
growth pattern. However, we agree with the 
opinion that the infiltrative feature of the esoph-
ageal GCTs, by itself, cannot be considered as a 
malignant feature [22].

Scattered hyperchromatic degenerate appear-
ing nuclei, inflammatory infiltrates and lym-
phoid aggregates were often present in GCTs, 
reminiscent of so-called ‘ancient change’ seen 
in schwannomas [18]. It was reported that mac-
rophage inflammatory protein-1a (MIP-1a) whi- 
ch belongs to the C-C family of chemokines, is 
thought to be involved in the recruitment of 

inflammatory cells and might play a role in the 
degenerative change of Schwann cell tumors 
[23]. MIP-1a is a production of pharmacologi-
cally stimulated CD4+CD45RA+, CD4+CD45RO+, 
and CD8+CD45RA+ cells, and the largest 
amounts of MIP-1a are secreted by CD8+ 

CD45RO+ lymphocytes [24]. We labeled the 
lymphocytes that in and around esophageal 
GCTs, as a result, close to half of these cells 
presented positivity of CD45RO and CD8. This 
finding suggests the degenerated change of 
GCTs probably related to these CD8+CD45RO+ 
lymphocytes. 

In contrast to GCTs of the tongue and skin, 
malignant potential of esophageal GCTs is low 
[16]. The benign nature of this tumor in esopha-
gus raises questions regarding the need to 
remove asymptomatic, incidentally detected 
GCTs. Zhong et al [16] proposed an algorithm of 
the management of GCTs of esophagus. 
However, totally endoscopic resection is recom-
mended approach in some Asian countries, 
and demonstrated to be safe and efficient [25, 
26]. Twenty-six patients receiving EMR or ESD 
were followed up in this study, and they 
remained clinically well, without evidences of 
recurrence or metastasis. We preferred ESD for 
its more accurate resection than conventional 
EMR. ESD is safe and less invasive therapy for 
smaller tumors, however, we successfully 
remove an esophageal GCT with maximal diam-
eter of 28 mm, which suggests the feasible 
application of ESD concerning esophageal 
GCTs exceeding 20 mm.

In conclusion, GCTs of esophagus are rare 
tumors. They are neurogenic origin, arising from 
the Schwann cells, and located in the submu-
cosal layer of the esophagus. Definite diagno-
sis of GCTs relies upon pathological examina-
tion. However, criteria for stratification of them 
remain disputed. We recommended the Nasser 
criteria because of its guiding role in treatment 
strategy. CD8+CD45RO+ lymphocytes may 
related to the degenerate appearing of GCTs. 
ESD is a recommended therapeutic strategy for 
small benign GCTs of esophagus, and a triable 
approach for large lesions that exceeding 20 
mm.
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