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Abstract
Background  Subepithelial tumors (SETs) in the upper gastrointestinal (GI) tract are frequently discovered during upper 
endoscopy, and their management is determined based on size and histopathological diagnosis. We aimed to evaluate the 
diagnostic performance of endoscopic ultrasonography-guided fine-needle biopsy (EUS-FNB) in upper GI SETs of 2–5 cm 
in size.
Methods  We included 63 patients who underwent EUS-FNB for upper GI SETs of 2–5 cm in size between January 2013 
and February 2020. The diagnostic yield of EUS-FNB, ability of EUS-FNB in discriminating malignant from non-malignant 
lesions, and histopathological concordance between EUS-FNB specimens and resected specimens were evaluated.
Results  Successful acquisition of macroscopic tissue cores was possible in all 63 cases, and the diagnostic yield of EUS-FNB 
was 92.1% (58/63). The sensitivity, specificity, and accuracy of EUS-FNB in discriminating malignant from non-malignant 
lesions were 100% (95% confidence interval [CI] 85.3–100%), 87.8% (95% CI 79.9–87.8%), and 92.1% (95% CI 81.8–92.1%), 
respectively. Of the 26 SETs that were endoscopically or surgically resected after EUS-FNB, the histopathological concord-
ance rate between the EUS-FNB specimens and resected specimens was 100% (24/24), except in two cases of inadequate 
results with EUS-FNB specimens.
Conclusion  EUS-FNB provides high diagnostic yield and high capability in discriminating malignant from non-malignant 
lesions in upper GI SETs of 2–5 cm in size.
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Subepithelial tumors (SETs) in the upper gastrointestinal 
(GI) tract are incidentally discovered during upper endos-
copy for an unrelated condition, especially during national 
gastric cancer screening programs in Korea, and the inci-
dence of SETs has gradually increased. The accurate inci-
dence of upper GI SETs is unknown, but the prevalence of 
SETs detected during routine esophagogastroduodenoscopy 
is 0.8–2% [1, 2]. GI SETs include various types of tumors 
from benign lesions, such as leiomyoma, schwannoma, 
lipoma, and ectopic pancreas, to malignant lesions, such 

as neuroendocrine tumor or gastrointestinal stromal tumor 
(GIST).

Since it is difficult to differentiate malignant from benign 
lesions exclusively by white-light endoscopy, several tech-
niques have been introduced for the accurate diagnosis 
of SETs (such as endoscopic ultrasonography [EUS] and 
computed tomography [CT]). Although EUS is known as 
the most useful diagnostic modality for SETs, its diagnostic 
accuracy is limited because of its inability to provide his-
topathological diagnosis. Pre-treatment histopathological 
diagnosis of SETs can help establish a treatment plan in 
patients with SETs. Therefore, techniques for tissue acqui-
sition, such as bite-on-bite forceps biopsy and EUS-guided 
fine-needle aspiration (EUS-FNA), have been introduced. 
However, bite-on-bite forceps biopsy sampling cannot yield 
adequate amounts of subepithelial tissue for definitive diag-
nosis, which results in an unsatisfactory diagnostic accuracy 
of 17–42% [3, 4]. Although EUS-FNA is a good modality 
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for procuring tissue from GI SETs, it has a limited sam-
ple adequacy (80.6%) and a low diagnostic accuracy (64%) 
according to a recent meta-analysis [5]. This limitation is 
probably caused because the acquisition of cells via EUS-
FNA does not always include the stroma or related tissue 
structures, which are necessary for definitive histopathologi-
cal diagnosis [5]. Since GI mesenchymal tumors, such as 
GIST, schwannoma, and leiomyoma, have similar morpho-
logic appearances, diagnosis based on a small amount of 
specimen obtained by EUS-FNA is not reliable; therefore, 
immunohistochemical analysis is highly advisable in these 
SETs [6]. To overcome the limitations of previous methods, 
EUS-guided fine-needle biopsy (EUS-FNB) was recently 
introduced. Sampling via EUS-FNB facilitates the procure-
ment of macroscopic tissue cores and preservation of the 
cellular structure, which enables to perform immunohisto-
pathological analysis [7]. A recent meta-analysis showed 
that the sample adequacy and diagnostic accuracy of EUS-
FNB are acceptable (94.9% and 87.9%, respectively) [5].

Recent guidelines for SETs suggest that when 
SETs < 2 cm in size are detected, they can usually be fol-
lowed up by periodic endoscopy or EUS once or twice a 
year until the SETs increase in size or become symptomatic, 
even if they are diagnosed as GISTs subsequently [1, 8–10]. 
When SETs are 2–5 cm in size, the decision-making policy 
can be discussed with patients regarding whether to make a 
histopathological diagnosis (for example, by EUS-FNB) or 
whether to use modalities such as EUS or CT [10]. In case of 
GISTs or other malignant lesions, the patient should undergo 
further endoscopic or surgical treatment, and in case of 
benign lesions, such as leiomyoma or schwannoma, serial 
follow-up is usually performed [8, 10, 11]. SETs ≥ 5 cm in 
size are recommended for surgical resection and subjected 
to histopathological examination [8, 9]. Herein, we aimed 
to evaluate the diagnostic performance of EUS-FNB, such 
as the diagnostic yield and capability of EUS-FNB in dis-
criminating malignant from non-malignant lesions, in upper 
GI SETs of 2–5 cm in size.

Patients and methods

Study population

Between January 2013 and February 2020, 78 patients who 
underwent EUS-FNB for GI SETs at Pusan National Univer-
sity Hospital (Busan, Korea) were retrospectively enrolled in 
this study. Of these patients, seven patients with tumor in the 
rectum and eight patients with tumor size < 2 cm or ≥ 5 cm 
were excluded. Finally, a total of 63 patients with upper GI 
SETs of 2–5 cm in size were included in the analysis. This 
study was reviewed and approved by the Pusan National 

University Hospital Institutional Review Board (IRB num-
ber, 2110-002-107).

EUS‑FNB procedure

All procedures were performed using a linear array echoen-
doscope (GF-C2000 or UCT 260; Olympus, Tokyo, Japan) 
by a single experienced endoscopist (Kim GH) with the 
patients placed in the left lateral decubitus position under 
intravenous conscious sedation (midazolam with or without 
propofol). After the target lesion was endosonographically 
visualized, a 20- or 22-gauge ProCore needle (EchoTip Pro-
Core; Wilson-Cook Medical, USA) was advanced into the 
target lesion under endosonographic guidance. After pen-
etrating the lesion, the endoscopist moved the needle to-
and-fro for more than 10 to 15 times within the lesion, while 
an assistant simultaneously pulled out the stylet slowly and 
continuously over 20 s to achieve minimal negative pressure 
within the needle (slow-pull technique) [6]. After sufficient 
sampling, the needle was withdrawn from the lesion.

Histopathological analysis

EUS-FNB samples were harvested and stored for subsequent 
processing by the endoscopist. The specimens were expelled 
onto slides by re-insertion of a stylet or by flushing air into 
the needle assembly to harvest the tissue core. Subsequently, 
the endoscopist inspected the materials on the slides and 
determined whether the tissue cores were optimal—defined 
as whitish pieces of tissue with apparent bulk. If the core tis-
sues were visible macroscopically, they were lifted off with a 
filter paper strip and fixed in formalin. The histopathological 
diagnosis was based on hematoxylin and eosin staining with 
or without immunohistochemical staining for CD34, CD117, 
DOG1, S-100, and smooth muscle actin. When the mor-
phological characteristics of tumors were nonspecifically 
mesenchymal, a diagnosis by EUS-FNB was only consid-
ered true positive when immunohistochemical analysis was 
conclusive. For patients who underwent endoscopic or surgi-
cal resection for SETs, the final diagnosis was made based 
on histopathological assessment of the resected specimen. 
Otherwise, histopathological assessment of the EUS-FNB 
specimens was regarded as the gold standard for diagnosis.

Outcome parameters

The primary outcome was the diagnostic performance of 
EUS-FNB in upper GI SETs of 2–5 cm in size; diagnostic 
yield of EUS-FNB, and capability of EUS-FNB in discrimi-
nating malignant from non-malignant lesions. The diagnos-
tic yield of EUS-FNB was defined as the rate of cases in 
which acquisition of adequate tissue specimen for histo-
pathological interpretation was achieved. The capability of 



8062	 Surgical Endoscopy (2022) 36:8060–8066

1 3

EUS-FNB in discriminating malignant from non-malignant 
lesions was evaluated based on the assumption that EUS-
FNB could definitely diagnose malignant lesions based on 
the histopathological results of EUS-FNB specimens alone. 
Because inadequate results on EUS-FNB specimens could 
not definitely rule out a possibility of malignant lesion, such 
cases were included in the category of the malignant lesions 
for analysis. Additionally, the factors of SETs and EUS-FNB 
influencing the diagnostic yield of EUS-FNB were analyzed. 
The secondary outcome was the histopathological concord-
ance between EUS-FNB specimens and resected specimens 
for cases that were endoscopically or surgically resected 
after EUS-FNB.

Statistical analysis

Descriptive statistics were used to document the character-
istics of SETs and procedure-related outcomes. Continuous 
variables are presented as median values with range, and 
categorical variables are presented as numbers with percent-
age. Sensitivity, specificity, and accuracy were calculated 
for the capability of EUS-FNB in discriminating malignant 
from non-malignant lesions. To evaluate the factors that 
were associated with diagnostic yield of EUS-FNB, χ2 or 
Fisher’s exact test was used. A p value < 0.05 was considered 
statistically significant. The statistical analyses were per-
formed using the SPSS version 25.0 for Windows software 
(SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics of patients with SETs 
and EUS‑FNB

The baseline clinical and endosonographic characteristics 
of 63 patients (63 SETs) are summarized in Table 1. Of 
the 63 patients, 32 were men and 31 were women (median 
age 56.0 years; range 17–81 years). Most tumors (50/63, 
79.4%) were located in the stomach, and the median tumor 
size was 2.5 cm (range 2.0–4.9 cm). EUS-FNB was per-
formed until adequate macroscopically visible tissue cores 
were obtained. According to the location of SETs and avail-
ability of needles, 20-gauge needles were used in 33 patients 
and 22-gauge needles in 30 patients. In six cases (9.5%), 
adequate macroscopic tissue cores were not obtained. There-
fore, the needle size of EUS-FNB was changed from 22 to 20 
gauge in five cases (three cases located in the mid-esophagus 
and two cases in the upper third of the stomach), and from 
20 to 22 gauge in one case (located in the middle third of the 
stomach); subsequently, adequate macroscopic tissue cores 
were procured in all six cases. The median value of needle 
passes performed was 4 (range 2–8).

After EUS-FNB, bleeding and abscess formation 
occurred in 3 (4.8%) patients and 1 (1.6%) patient, respec-
tively. All bleeding was mild intra-procedural bleeding, 
which was managed successfully with endoscopic hemosta-
sis using hemoclips. Abscess was encountered 2 days after 
EUS-FNB in one patient with the SET located in the lower 
esophagus. The patient was treated successfully with EUS-
guided abscess drainage and intravenous antibiotics.

Diagnostic performance of EUS‑FNB for SETs

Successful acquisition of macroscopic tissue cores was 
possible in all 63 cases, but the sampling specimens were 
insufficient to make a definitive histopathological diagnosis 
in five cases. Therefore, the diagnostic yield of EUS-FNB 
was 92.1% (58/63). Based on the histopathological results 
of EUS-FNB, 26 were diagnosed with leiomyoma, 21 with 
GIST, six with schwannoma, two with ectopic pancreas, 
one with squamous cell carcinoma (SCC), one with ectopic 
splenosis, and one with abscess (Table 2). There were no 
significant differences in the diagnostic yield in relation to 

Table 1   Baseline clinical and endosonographic characteristics of the 
study population

EUS endoscopic ultrasonography

Number of patients 63
Median age (years, range) 56.0 (17–81)
Sex, n (%)
 Men 32 (50.8)
 Women 31 (49.2)

Tumor location, n (%)
 Esophagus
  Upper 2 (3.2)
  Middle 7 (11.1)
  Lower 3 (4.8)

 Stomach
  Upper third 35 (55.6)
  Middle third 14 (22.2)
  Lower third 1 (1.6)

 Duodenum
  Second portion 1 (1.6)

Median tumor size (cm, range) 2.5 (2.1–4.9)
EUS layer, n (%)
 3rd, 4th layer 3 (4.8)
 4th layer 60 (95.2)

EUS echogenicity, n (%)
 Homogeneous 30 (47.6)
 Heterogeneous 33 (52.4)

Needle size, n (%)
 20 gauge 33 (52.4)
 22 gauge 30 (47.6)

Median number of needle passes (range) 4 (2–8)
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tumor location, tumor size, and number of needle passes 
(Table 3). The diagnostic yield with a 20-gauge EUS-FNB 
needle was higher than that with a 22-gauge EUS-FNB nee-
dle, but this did not reach statistical significance (97.0% vs. 
86.7%, p = 0.183).

Based on the results of EUS-FNB, 27 cases (including 
five non-diagnostic cases) were classified as malignant 
lesions and 36 cases as non-malignant lesions. Accordingly, 
the sensitivity, specificity, and accuracy of EUS-FNB in 
discriminating malignant from non-malignant lesions were 
100% (95% confidence interval [CI] 85.3–100%), 87.8% 
(95% CI 79.9–87.8%), and 92.1% (95% CI 81.8–92.1%), 
respectively (Table 4).

Management of patients with SETs

Figure 1 shows the flowchart depicting the management of 
patients included in this study. Of the 21 patients with GIST, 
15 patients underwent surgical resection and one underwent 
endoscopic resection; two GISTs were diagnosed as very 
low risk, 10 as low risk, and four as intermediate risk, based 
on National Institute of Health classification. The remain-
ing five patients with GIST did not undergo surgical resec-
tion; four patients refused surgical resection due to old age 
or concurrent diseases, and one patient underwent imatinib 
treatment for recurrent GIST. One patient with esophageal 
SCC was treated with chemotherapy due to poor general 
condition. Of the 36 patients diagnosed with non-malignant 
lesions based on EUS-FNB, three patients with leiomyoma 
and three with schwannoma underwent surgical resection, 
and one patient with leiomyoma underwent endoscopic 
resection due to the increase in size during follow-up and 
presence of symptoms or bleeding risk (presence of ulcer-
ation on the surface of SETs). An additional one patient 
with schwannoma underwent surgical resection due to the 

Table 2   Histopathological results after endoscopic ultrasonography-
guided fine-needle biopsy of 63 subepithelial tumors

Histopathology Number (%)

Leiomyoma 26 (41.3)
Gastrointestinal stromal tumor 21 (33.3)
Schwannoma 6 (9.5)
Ectopic pancreas 2 (3.2)
Squamous cell carcinoma 1 (1.6)
Splenosis 1 (1.6)
Abscess 1 (1.6)
Inadequate 5 (7.9)

Table 3   Univariate analysis of factors influencing diagnostic yield of 
endoscopic ultrasonography-guided fine-needle biopsy in subepithe-
lial tumors

Factors Diagnostic yield
n/ntot (%)

p value

Tumor location 1.000
 Esophagus 11/12 (91.7)
 Stomach 46/50 (92.0)
 Duodenum 1/1 (100)

Tumor size, cm 0.468
 ≥ 2, < 3 cm 37/42 (88.1)
 ≥ 3, < 4 cm 13/13 (100)
 ≥ 4, < 5 cm 8/8 (100)

Needle size 0.183
 20 gauge 32/33 (97.0)
 22 gauge 26/30 (86.7)

Number of needle passes 1.000
 ≤ 3 21/23 (91.3)
 4–6 34/37 (91.9)
 ≥ 7 3/3 (100)

Table 4   Diagnostic capability of endoscopic ultrasonography-guided fine-needle biopsy in discriminating malignant from non-malignant subepi-
thelial lesions

CI confidence interval; EUS-FNB endoscopic ultrasonography-guided fine-needle biopsy
a Because malignant potential could not be completely excluded based on the results of EUS-FNB, five cases with inadequate results on EUS-
FNB were classified as malignant lesions on EUS-FNB results

Final histopathology

Malignant Non-malignant

EUS-FNB results  Malignant 22 5a

 Non-malignant 0 36

EUS-FNB for distinguishing malignant from non-malignant subepithelial tumors

Sensitivity 100% (95% CI 85.3–100%)
Specificity 87.8% (95% CI 79.9–87.8%)
Accuracy 92.1% (95% CI 81.8–92.1%)
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patient’s request. Of the five patients with non-diagnostic 
results, two patients underwent surgical resection and the 
final histopathology was schwannoma in both patients. The 
remaining three patients were followed up without increase 
in size for 24 months or longer.

Histopathological concordance between EUS‑FNB 
specimens and resected specimens

Histopathological concordance between EUS-FNB specimens 
and resected specimens is described in Table 5. After EUS-
FNB, 24 patients (15 with GIST, three with leiomyoma, four 
with schwannoma, and two with non-diagnostic results) under-
went surgical resection and two patients (one with GIST and 
one with leiomyoma) underwent endoscopic resection. Finally, 
16 cases were diagnosed with GIST, four with leiomyoma, 
and six with schwannoma in the resected specimens. The his-
topathological concordance rate was 100% (24/24), excluding 
the two cases with inadequate results on EUS-FNB specimens.

Discussion

Recently, GI SETs have become one of the most commonly 
encountered lesions during endoscopy. When managing 
patients with a GI SET, the important point to consider is 
whether the SET has malignant potential. However, since 
conventional endoscopic forceps biopsy cannot reveal accu-
rate information on the malignant potential in most cases of 
SETs, especially those located in the proper muscle layer, 
their clinical management is mainly determined by their size. 
SETs < 2 cm in size are usually followed up, and SETs ≥ 5 cm 
in size should be surgically resected. The management of SETs 
of 2–5 cm in size differs according to the histopathological 
diagnosis. Therefore, we focused the diagnostic yield of EUS-
FNB for SETs of 2–5 cm in size. Macroscopically optimal 
tissue cores were obtained for all 63 SETs, and the diagnostic 
yield of EUS-FNB was 92.1%. Furthermore, the sensitivity 
and specificity of EUS-FNB in discriminating malignant from 
non-malignant lesions were 100% and 87.8%, respectively.

Although EUS-FNA has been used for tissue acquisition of 
SETs in the past, its diagnostic yield was not satisfactory. To 
overcome the limitations of EUS-FNA, newly designed spe-
cial needles, such as a reverse-bevel needle (EchoTip ProCore; 
Wilson-Cook Medical), a needle with fork-tip design (Shark-
Core; Medtronic, USA), or a needle with symmetric cutting 
edges (Acquire; Boston Scientific, USA), were developed for 
use in EUS-FNB. These needles can improve tissue capture 
and enable macroscopic on-site evaluation for optimal tissue 
cores by an endoscopist without a cytopathologist [12]. In the 
present study, EUS-FNB was performed using ProCore nee-
dles, and the endoscopist himself evaluated the macroscopic 
tissue cores immediately after every needle pass. As a result, 
the macroscopically optimal tissue acquisition and diagnostic 
rates of EUS-FNB for upper GI SETs were 100% and 92.1%, 
respectively. These results are consistent with those of other 

Fig. 1   Flowchart depicting the management of patients included in this study. SCC squamous cell carcinoma; GIST gastrointestinal stromal 
tumor

Table 5   Histopathological concordance between endoscopic ultra-
sonography-guided fine-needle biopsy specimens and resected speci-
mens

EUS-FNB endoscopic ultrasonography-guided fine-needle biopsy; 
GIST gastrointestinal stromal tumor

EUS-FNB results Results of resected specimens

GIST
(n = 16)

Leiomyoma
(n = 4)

Schwannoma
(n = 6)

GIST (n = 16) 16 0 0
Leiomyoma (n = 4) 0 4 0
Schwannoma (n = 4) 0 0 4
Inadequate (n = 2) 0 0 2
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recent studies in which the diagnostic yields of EUS-FNB 
were 64.3–86.9% [13–15]. According to a recent meta-anal-
ysis, the sample adequacy and diagnostic yield of EUS-FNB 
for GI SETs were 94.9% and 89.7%, respectively, and EUS-
FNB outperformed EUS-FNA in all diagnostic outcomes [5].

We tried to identify the factors that influence the diagnos-
tic yield of EUS-FNB. The diagnostic yield was higher with 
20-gauge EUS-FNB needles than with 22-gauge EUS-FNB 
needles, but without any statistical significance. Tumor loca-
tion, tumor size, and the number of needle passes were not 
associated with the diagnostic yield. These results are consist-
ent with those of previous studies, which state that the diag-
nostic yield of EUS-FNB is not associated with tumor size and 
location, needle size, and number of needle passes [16, 17]. 
Several studies have reported that a large tumor size (≥ 2 cm) 
was related to a higher diagnostic yield of EUS-FNB compared 
with a small tumor size (< 2 cm) [13, 18, 19]. In the present 
study, only SETs of 2–5 cm in size were included.

We also evaluated the capability of EUS-FNB in dis-
criminating malignant from non-malignant lesions, which 
is important when managing SETs of 2–5 cm in size. In a 
previous study that included 70 SETs ≥ 2 cm in size, the sen-
sitivity and accuracy of EUS-FNB for diagnosing malignant 
lesions were 90% and 83%, respectively [16]. Similarly, in 
the present study, the sensitivity, specificity, and accuracy of 
EUS-FNB in discriminating malignant from non-malignant 
lesions were 100%, 87.8%, and 92.1%, respectively. Our 
results confirmed that EUS-FNB is an effective diagnos-
tic modality in decision-making during the management of 
upper GI SETs of 2–5 cm in size.

In terms of safety of EUS-FNB, many studies have 
reported adverse event rates as 1.2–5.7% and the most 
common adverse event being minor bleeding [7, 13, 15, 
16, 18–20]. Similarly, in the present study, adverse events 
occurred in four (6.4%) patients—minor intra-procedural 
bleeding in three patients and abscess formation in one 
patient. All these adverse events occurred with the 20-gauge 
needle, and the patient with abscess formation was treated 
successfully with EUS-guided abscess drainage and intra-
venous antibiotics. Although the incidence of abscess for-
mation occurring after EUS-FNB is very low, it could lead 
to severe sepsis [21]. Therefore, when a patient complains 
of infection signs, such as fever, chilling, or persistent pain 
after EUS-FNB, the possibility of abscess formation should 
be considered and cases should be treated with intravenous 
antibiotics and endoscopic drainage [22].

Because EUS-FNB provides only small amounts of tis-
sues for histopathological analysis, the histopathological 
concordance between EUS-FNB and resected specimens 
is important and should be validated. In previous studies, 
the histopathological concordance rate between EUS-FNB 

and surgical specimens were 100% in cases diagnosed 
as GIST in EUS-FNB [15, 17]. Similarly, in the present 
study, the histopathological concordant rate was 100% 
in 16 GISTs, four leiomyomas, and four schwannomas, 
excluding two cases with inadequate results on EUS-FNB 
specimens. Although we did not evaluate the difference in 
mitotic index between EUS-FNB and resected specimens, 
a recent study showed that the concordance rate of the 
mitotic index between EUS-FNB and surgical specimens 
in GIST was 89.7% [20].

This study has several limitations. First, this was a sin-
gle-center retrospective study that evaluated the diagnostic 
yield of EUS-FNB for SETs. Therefore, the patients were 
selected to undergo EUS-FNB based on the endoscopists’ 
clinical opinions and the patients’ needs. Second, all EUS-
FNB procedures were performed by a single experienced 
endoscopist. Because tissue acquisition through EUS-FNB 
requires a high level of technical skill and expertise, the 
diagnostic performance of EUS-FNB might vary depend-
ing on the endoscopists. Third, the immediate cytologic 
assessment after EUS-FNB by a cytopathologist is not 
available in our hospital. Therefore, the endoscopist per-
formed the macroscopic assessment of sample adequacy 
after every needle pass, which could decrease the ade-
quacy of tissue acquisition and increase the number of 
needle passes. However, recent studies have demonstrated 
the diagnostic feasibility of macroscopic on-site evaluation 
of the EUS-FNB specimen by an endoscopist [12, 23, 24]. 
Further, there was only one case of duodenal SET. Con-
sidering the low incidence and high malignant potential of 
duodenal mesenchymal tumors, the low number of duode-
nal SETs included in the present study seems unavoidable.

In conclusion, EUS-FNB provided high diagnostic yield 
and high capability in discriminating malignant from non-
malignant lesions in upper GI SETs of 2–5 cm in size. 
Therefore, EUS-FNB is an effective diagnostic modality 
that aids clinical decision-making for the management of 
upper GI SETs of 2–5 cm in size. Further prospective, 
multicenter studies are needed to validate our results in a 
large number of cases of upper GI SETs.
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