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Abstract:

Objective The diagnostic accuracy of an endoscopic ultrasound-guided fine-needle aspiration cytology/bi-
opsy combined with a cell-block method (FNA-CB) for gastrointestinal subepithelial lesions (GI-SELs) has
not been fully studied.

Methods A total of 109 patients (with 110 GI-SELs) were evaluated to clarify the rate of obtaining evalu-
able histology specimens using FNA-CB. In addition, we investigated the following: 1) the accuracy for de-
termining the histology, 2) effects of the number of cell clusters obtained via FNA-CB, 3) correlation of the
Ki67 labelling index (Ki67LI) of the gastrointestinal stromal tumor (GIST) lesions between FNA-CB and re-
sected specimens, and 4) clinical courses for patients followed up after FNA-CB.

Results Of the 110 GI-SELs for which FNA-CB was performed, 95 (86%) were able to be histologically
evaluated using the first FNA-CB. For the 70 resected GI-SELs, the accuracy of FNA-CB to determine his-
tology was 96%, remaining at 90% even when only a few cell clusters were obtained. The concordance rate
of the risk-grouping of GIST (high-risk, Ki67LI >8; low-risk, <8) between FNA-CB and resected specimens
was 84%. Of the 29 patients followed up after the first FNA-CB, 12 with benign GI-SELs determined using
the first FNA-CB showed no obvious increases in their GI-SEL sizes.

Conclusion Since FNA-CB can be used to determine the histology and reproductive activity of GI-SELs
accurately, not only preoperative histological confirmation but also reliable information to determine clinical
plans, such as follow-up without surgery or neoadjuvant chemotherapy, can be obtained.
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racy of EUS-FNA for determining the histology of GI-SELs

Introduction

Since gastrointestinal subepithelial lesions (GI-SELs) in-
clude various diseases, ranging from neoplastic to non-
neoplastic lesions, tissue acquisition using an endoscopic
ultrasonography-guided fine-needle aspiration cytology/bi-
opsy (EUS-FNA) is often needed to create clinical plans for
those lesions. Although a meta-analysis of the pooled accu-

was shown to be inadequate (59.4%) (1), it was suggested
that the diagnostic accuracy might be able to be improved
using a cell-block method. Because almost all specimens ob-
tained via EUS-FNA can be used for histocytological evalu-
ations with this method (2-5), this approach may be useful
when specimens obtained via EUS-FNA are small in size or
involve a relatively large volume of blood.

In addition, various immunostaining approaches can be
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Table 1.

Baseline Characteristics of 109 Subjects.

Age, median (IQR)
Sex (male:female)
Lesion size, median (IQR), mm
Location of lesions, n (%)
Esophagus
Stomach [U/M/L]
Duodenum
Rectum

Surgical or endoscopic resection, n (%)

63 (53-72)
60:40
27 (21-34)

11 (10)
87 (79) [44/24/19]
10 (9)
22)
70 (63)

Details of needles mainly used for EUS-FNA, n (%)

(total number of lesions: 114)
Type of needles

Conventional FNA needles
Echo Tip (Cook Medical)
EXPECT (Boston Scientific)
EZshot3 (Olympus)
EZshot2 (Olympus)
Sono Tip (Medico’s Hirata)

FNB needles
Acquire (Boston Scientific)

Echo Tip ProCore (Cook Medical)

N/A
Gauge sizes

19G

20G

22G

25G

N/A

91 (80)
18 (16)
43 (37)
24 (21)
2(2)
4(4)
10 (9)
8(7
2(2)
1311

9(8)
1(D)
82 (72)
10 (9)
12 (10)

IQR: interquartile range, U: upper third, M: middle third, L: lower third, EUS-FNA:
endoscopic ultrasound-guided fine-needle aspiration cytology/biopsy, FNB: fine-

needle biopsy, N/A: not applicable, G: gauge

used with this method. GI-SELs include several diseases for
which a conclusive histological diagnosis can be obtained
with immunostaining, including gastrointestinal stromal tu-
mors (GISTs) (6, 7). Therefore, these GI-SELs can be his-
tologically confirmed even when the pieces of tissue ob-
tained from EUS-FNA are very small. Furthermore, im-
munostaining may be useful for the classification of risk
groups of GISTs, as the Ki67 labelling index (Ki67LI) can
be evaluated to determine the risk of GISTs more easily
than a mitotic count can.

The combination of the cell-block method and
munostaining may be a promising method for histological
evaluations using EUS-FNA specimens of GI-SELs. How-
ever, the diagnostic accuracy of EUS-FNA combined with
the cell-block method (FNA-CB) has not been fully studied.
Therefore, we conducted a retrospective study to clarify the
clinical implications of this method for GI-SELs.

im-

Materials and Methods

Study population

The Sendai City Medical Center institutional review board
approved this study (registration number: 2018-0012). Indi-

cations for EUS-FNA for GI-SELs at our facility were as
follows: 1) a diameter of >2 cm determined by using imag-
ing studies, 2) an increase in the size of GI-SELs during
surveillance, and 3) endoscopic findings indicative of malig-
nant GI-SELs, including an ulcerative formation. A total of
109 patients with GI-SELs (comprising 110 GI-SELs) who
underwent FNA-CB at our hospital from March 2009 to
March 2020 were included in this study (Table 1).

Outcome measures

We determined the rate of obtaining the definitive histol-
ogy from FNA-CB specimens as a primary outcome meas-
ure in this study. In addition, we investigated the following
secondary outcome measures: 1) the accuracy of FNA-CB
for determining the histology of GI-SELs among patients
who underwent surgery for their GI-SELs, 2) the effects of
the number of cell clusters obtained from FNA-CB, 3) the
correlation of the Ki67LI between the FNA-CB specimens
and the resected ones in patients found to have GISTs using
resected specimens, and 4) the clinical courses of patients
who underwent surveillance without undergoing surgery just
after initial FNA-CB.
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Endoscopic procedures

All endoscopic procedures were performed in accordance
with the Declaration of Helsinki. The echoendoscopes used
for EUS-FNA were GF-UC240P-AL5 and GF-UCT260
(Olympus, Tokyo, Japan). For processing images from EUS,
the EU-ME1 and EU-ME2 (Olympus) ultrasonographic sys-
tems were used.

A 22-G needle was mainly used for EUS-FNA (Table 1).
For each FNA needle pass, about 20 strokes with a negative
pressure applied using a 20-mL syringe were made. Al-
though three FNA needle passes were usually carried out,
additional passes were made when the volumes of the speci-
mens obtained with three FNA needle passes were macro-
scopically inadequate.

Of the 109 subjects, 17 who were admitted to our hospi-
tal from March 2009 to January 2013 underwent EUS-FNA
combined with a rapid on-site cytologic evaluation (FNA-
ROSE) using Diff-Quick™ and Papanicolaou staining only
for their specimens obtained with the first FNA pass. All
EUS-FNA specimens obtained from the 109 subjects, ex-
cluding specimens subjected to ROSE, were pushed out
from the inside of the FNA needles into a centrifuge tube
containing 5 mL of a 10% formalin solution using a small
volume of saline or a needle stylet. The specimens were
processed using the cell-block method.

Histocytological evaluations

All histocytological diagnoses for FNA-CB specimens and
resected specimens were prospectively made via the consen-
sus of two or more pathologists (YN, TS, MU, and FF). To
assess the histology of the FNA-CB specimens, cell-block
sections were prepared using a sodium alginate method and
subjected to hematoxylin and eosin (HE)
munostaining was performed when the following situations
occurred: 1) GI-SELs for which immunostaining would be
diagnostic (e.g., GISTs, leiomyoma, schwannoma, etc.) were
suspected based on HE staining, and 2) HE staining af-
forded an indeterminate histological diagnosis. The antibod-
ies used for immunostaining were as follows: KIT (CD117;
DAKO, Glostrup, Denmark), CD34 (NU-4A1; Nichirei, To-
kyo, Japan), DOGI (K9; Novocastra, Newcastle, UK),
Desmin (D33; DAKO), aSMA (1A4; Enzo Life Sciences,
Farmingdale, USA), Ki67 (MIB-1; Immunotech, Marseilles,
France), P53 (DO-7; DAKO), MUCI1 (Ma695; Novocastra),
chromogranin A (chromogranin; Nichirei), and synapto-
physin (27G12; Novocastra).

For resected specimens, HE staining and several im-
munostainings were performed using the method for FNA-
CB specimens. When histological diagnoses for resected
specimens could be made using HE staining, immunostain-
ing was not performed.

stain. Im-

Indications for surgery and surveillance methods for
patients without undergoing surgery

When FNA-CB afforded a diagnosis of neoplastic GI-

SELs with malignant potential, such as GISTs, neuroendo-
crine neoplasms (NENs), malignant lymphoma, adenocarci-
noma, etc., surgery (or systemic chemotherapy) was recom-
mended. When patients with those GI-SELs had a high risk
for surgery, they did not undergo further surveillance or
were monitored for their GI-SELs by imaging every three to
six months. Patients with benign GI-SELs diagnosed using
FNA-CB underwent surveillance by imaging every 6-12
months. Patients with an indeterminate diagnosis using
FNA-CB were scheduled to undergo a re-examination of
FNA-CB or underwent careful monitoring for their GI-SELs
by imaging every three to six months.

Definition of the concordance of Ki67LI

To clarify the relationship of the Ki67LIs of FNA-CB
specimens and resected specimens for patients who were
found to have GISTs by using the resected specimens, we
firstly performed correlation analysis. The value of Ki67LI
was obtained from our clinical and pathological databases
prospectively registered. On the basis of previous report (8),
we classified patients who underwent surgery, followed by
the diagnosis of GISTs, into the following two groups: 1)
patients whose GISTs had a Ki67LI >8% (high-risk group)
and 2) patients whose GISTs had a Ki67LI <8% (low-risk
group). The concordance of Ki67LI was defined as follows:
when the FNA-CB specimens and resected specimens were
separately classified into each of the two risk groups, both
of those specimens were classified into the same group.

Statistical analyses

All statistical analyses were performed by using SPSS
software version 24 (SPSS, Chicago, USA). Pearson’s y* test
or Fisher’s exact test was used for the categorical variables.
The Mann-Whitney U test was used for the continuous data
[distribution of variables shown using the interquartile range
(IQR)]. A p value of less than 0.05 was considered statisti-
cally significant.

Results

Baseline characteristics of patients (Table 1)

Among the 109 patients, there were 69 men and 40
women. The median age at the time of first FNA-CB was
63 (IQR: 53-72) years old. Of the 110 target GI-SELs for
FNA-CB (1 patient had 2 GI-SELs), 87 (79%) were in the
stomach. The median size of GI-SELs was 27 (IQR: 21-
34) mm. A total of 70 patients (63%) underwent surgical or
endoscopic resection, and 61 of those (87%) were histologi-
cally diagnosed with GISTs.

Rate of obtaining definitive histology using the first
FNA-CB and histological results of the first FNA-CB
procedure

Histological diagnoses determined using the first FNA-CB
procedure are shown in Table 2. For 95 of the 110 GI-SEL
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Table 2. Histological Diagnoses Determined
Using the First FNA-CB Procedure.

n (%)

Determinate histology 95 (86)

GIST 66 (60)
adenocarcinoma 4 (4)
NEN 2(2)
malignant lymphoma 1(1)
leiomyoma 9(8)
gastric aberrant pancreas 6(5)
schwannoma 44
submucosal heterotopic gastric mucosa 2(2)
hamartoma 1(1)

Indeterminate histology 15 (14)

FNA-CB: endoscopic ultrasound-guided fine-needle aspira-
tion cytology/biopsy combined with a cell-block method,
GIST: gastrointestinal stromal tumor, NEN: neuroendocrine
neoplasm

lesions (86%), histological diagnoses were able to be made
using the first FNA-CB procedure specimens. The rate of
obtaining the definitive histology using the first FNA-CB
procedure was thus 86%. For 66 of the 95 lesions, the diag-
noses of GISTs were able to be made using the first FNA-
CB procedure.

Regarding the results of the first FNA-CB procedure by
the sites at which GI-SELs developed, the rate of obtaining
the definitive histology using the first FNA-CB procedure
specimens obtained from esophageal, gastric, duodenal, and
rectal GI-SELs were 91% (10/11), 89% (77/87), 70% (7/10),
and 50% (1/2), respectively (Table 3).

Regarding the 16 patients who underwent FNA-ROSE at
the time of the first EUS-FNA, ROSE was able to be used
to obtain a cytologic diagnosis of neoplastic disease for just
3 patients (19%), whereas the cell-block method afforded
conclusive histological diagnoses for 12 of the 16 patients
(75%).

Clinical plans after first FNA-CB procedure

A flowchart of the clinical plans for GI-SELs after the
first FNA-CB procedure is shown in Fig. 1. Regarding the
clinical plans for the 94 patients (95 GI-SEL lesions) with a
determinate histological diagnosis at the first FNA-CB pro-
cedure, 63 patients (64 GI-SEL lesions) underwent surgery,
5 underwent systemic chemotherapy, and 26 did not undergo
clinical treatments for their GI-SELs (surveillance, 18; no
surveillance, 8).

The first FNA-CB procedure was unable to be used to ob-
tain a histological diagnosis for 15 patients (15 GI-SELs)
due to an indeterminate histological diagnosis on FNA-CB
or an inadequate volume of FNA-CB specimens. Among
those patients, one underwent a second FNA-CB procedure
just after the results of the first procedure were obtained. Of
the remaining 14 patients, 3 underwent surgery just after the
first FNA-CB procedure despite lacking histological confir-
mation, and 11 underwent surveillance. After surveillance, 3

Table 3. The Rate of Obtain-
ing the Definitive Histology Us-
ing the First FNA-CB Procedure
Specimens.

For total lesions 86% (95/110)

For each site

esophagus 91% (10/11)
stomach 89% (77/87)
duodenum 70% (7/10)
rectum 50% (1/2)

FNA-CB: endoscopic ultrasound-guided
fine-needle aspiration cytology/biopsy
combined with a cell-block method

of the 11 patients underwent a second FNA-CB procedure
due to an increase in the size of their GI-SEL.

Accuracy of FNA-CB for determining the histology
of the resected GI-SELs

A total of 70 GI-SELs of 69 patients who underwent sur-
gical or endoscopic resection for their GI-SELs were used to
clarify the accuracy of the first FNA-CB procedure for de-
termining the histology. The histological diagnoses of the re-
sected specimens are shown in Table 4. The accuracy of the
first FNA-CB procedure in determining the histology was
96% (67/70). Three patients with inadequate specimens ob-
tained from the first FNA-CB procedure were able to be his-
tologically diagnosed using their resected specimens (GIST,
1; schwannoma, 1; cyst, 1).

For the 61 GISTs histologically diagnosed using resected
specimens, the accuracy of the first FNA-CB procedure in
determining GISTs was 93% (57/61). When the second
FNA-CB procedure was included in the analysis, the accu-
racy increased to 98% (60/61).

Influence of the number of cell clusters obtained
from FNA-CB (Table 5)

Using first FNA-CB procedure, the rate of obtaining his-
tologically evaluable specimens was 100% when cell clus-
ters of 25 were obtained and remained high (90%) even
when the number of cell clusters was 1-4. Regarding the 70
resected GI-SELs, the accuracy of the first FNA-CB proce-
dure for diagnosing the histology was 100% when the num-
ber of cell clusters was 25, and it remained high (95%) even
when the number was in the range of 1-4.

Correlation of the value of Ki67LI between FNA-CB
and resected specimens in patients with resected
GISTs

A total of 42 patients with resected GIST for whom the
Ki67LI was evaluated for both the FNA-CB and resected
specimens were included in this investigation. These 42 pa-
tients showed no significant differences in the Ki67LI of
GIST lesions between the two types of specimens [p=0.48;
median: FNA-CB 2.0% (IQR: 1.0-3.0%) vs. resected 2.0%
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| GI-SEL (n = 110 lesions [109 patients]) |

First EUS-FNA (n =110)
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Diagnostic histology (n = 95)
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by using first EUS-FNA by using first EUS-FNA
(n=12 (n=06)

No change Increase in size  No change
n=12) n=2) (n=4)
Figure 1.

Flowchart of the clinical plans for 110 GI-SELs after first FNA-CB procedure. FNA-CB:

endoscopic ultrasound-guided fine-needle aspiration cytology/biopsy combined with a cell-block

method, EUS-FNA: endoscopic ultrasonography-guided fine-needle aspiration cytology/biopsy, GI-
SELs: gastrointestinal subepithelial lesions, GIST: gastrointestinal stromal tumor, NEN: neuroendo-

crine neoplasm

Table 4. Histological Diagnoses
of the Resected Specimens of 70
Patients who Underwent Surgical
or Endoscopic Resection for Their
GI-SELs.

Total lesions 96% (67/70)

For each site

Esophagus 100% (1/1)
Stomach 97% (59/61)
Duodenum 86% (6/7)

Rectum 100% (1/1)

For each disease

GIST 98% (60/61)
Adenocarcinoma 100% (2/2)
NEN 100% (1/1)
Leiomyoma 100% (1/1)
Schwannoma 66% (2/3)

Hamartoma 100% (1/1)
Cyst 0% (0/1)

GI-SELs: gastrointestinal subepithelial le-
sions, GIST: gastrointestinal stromal tu-
mor, NEN: neuroendocrine neoplasm

(IQR: 1.0-4.3%)]. The correlation of the Ki67LIs of the
GIST lesions between the two specimens was statistically
significant (Fig. 2).

When the 42 patients were classified into high-risk (Ki67
LI >8) and low-risk groups (Ki67LI <8), the concordance
rate of the 2 risk groups between the 2 types of specimens

was 86% (36/42). For the six patients with discordance in
risk groups between the two types of specimens, the first
FNA-CB procedure overestimated the risk based on the Ki
67LI for two patients and underestimated the risk for the
other four. Among the possible factors related to mis-
matched results of Ki67 intensities between the two types of
specimens, such as the lesion size, location, and number of
cell clusters, only the lesion size significantly differed be-
tween the patients whose pre- and post-operative risk groups
were matched and the patients whose the groups were mis-
matched (median: matched risk groups 27 mm vs. mis-
matched risk groups 39 mm, p=0.014). The cut-off value of
the lesion size to predict discordance of risk groups between
the 2 types of specimens was calculated to be 35 mm using
a receiver operating characteristic (ROC) curve (area under
the curve: 0.82), and the sensitivity and specificity of a le-
sion size of 235 mm to predict that were 67% and 91%, re-
spectively.

Clinical outcomes for patients who underwent sur-
veillance without undergoing surgery after the first
FNA-CB procedure

After the first FNA-CB procedure, 29 patients (29 GI-
SELs) underwent surveillance for their GI-SELs by receiv-
ing imaging at regular intervals. Of those, 6 patients indi-
cated for surgery after the first FNA-CB procedure (GIST,
5; NEN, 1) underwent surveillance without surgery due to
an advanced age or the presence of comorbidities. For 12 of
the 29 patients, the GI-SELs were histologically shown to
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Table 5. Relationship between the Number of Cell Clusters Obtained from FNA-CB

and Its Histological Efficacy.

Count of cell

110 GI-SELs for which first FNA-CB

70 resected GI-SELs

clusters was performed
obtained from .
Rate of obtaining
FNA-CB Number of adequate FNA-CB Number of diaArleslirsaf)); }fm(i);tg;(e)
Median lesions, specimens for which lesions, sg'n FNA-CB forgy
(IQR): 11 n (%) histological evaluations n (%) ust gd Gl S_EL p
(3-23) could be performed (%) resected GI-SELs (%)
>50 15 (14) 100 7 (10) 100
20-49 21(19) 100 15 (21) 100
10-19 20 (18) 100 14 (20) 100
5-9 16 (15) 100 12 (17) 100
1-4 29 (26) 90 20 (29) 95
0 9(8) 0 2(3) 0

FNA-CB: endoscopic ultrasound-guided fine-needle aspiration cytology/biopsy combined with a cell-block

method, GI-SELSs: gastrointestinal subepithelial lesions, IQR: interquartile range

Ki67LI (%) EUS-FNA

T T T
5 10 15

Ki67LI (%) surgical resection

Figure 2. The correlation of the Ki67 labelling index (Ki67LI)
of FNA-CB and resected specimens for patients with resected
GIST (Spearman’s rank correlation coefficient: 0.34, p=0.027).
FNA-CB: endoscopic ultrasound-guided fine-needle aspiration
cytology/biopsy combined with a cell-block method, GIST: gas-
trointestinal stromal tumor

be benign diseases according to the first FNA-CB procedure
(leiomyoma, 5; gastric aberrant pancreas, 5; schwannoma, 1;
submucosal heterotopic gastric mucosa, 1), and no obvious
increase in the size of their GI-SELs was observed during a
mean surveillance period of 71+11 (range: 6-12) months.
Among the 11 patients with an indeterminate diagnosis us-
ing the first FNA-CB procedure, no marked changes in the
size of the GI-SELs were observed for 8 patients during a
mean surveillance period of 66+16 (range: 6-127) months,
and an increase in the size of GI-SELs was observed for the
remaining 3 patients. For 2 of those 3 patients, a second
FNA-CB procedure was performed at 79 and 115 months
after the first FNA-CB, resulting in diagnoses of GISTs.
However, the remaining patient failed to obtain a determi-
nate histological diagnosis, even after a second FNA-CB

procedure.
Adverse events related to endoscopic procedures

For all endoscopic procedures performed on the 109 pa-
tients with GI-SELs, no adverse events, such as bleeding,
perforation, peritonitis, and cardiopulmonary issues, were
observed.

Discussion

This study demonstrated the excellent utility of FNA-CB
for obtaining evaluable histology specimens from GI-SEL
lesions (86%). The diagnostic ability of FNA-CB for deter-
mining the histology of resected GI-SELs was quite high
(96%). These results may be due to the effects of im-
munostaining on the histological evaluations using FNA-CB
specimens. The reasons for these findings are as follows: 1)
immunostaining is a strong determinant for confirming his-
tocytological diagnoses of GI-SELs, 2) no histological diag-
noses for FNA-CB specimens obtained from the GISTs
could be confirmed using only HE staining, and 3) FNA-CB
proved extremely useful for determining the histology, even
when a few cell clusters were obtained. Therefore, combin-
ing the cell-block method and immunostaining may be ef-
fective when a small volume of tissues is obtained. In addi-
tion, the ability of FNA-CB to determine the histocytologi-
cal diagnosis tended to be superior to that of FNA-ROSE
(75% vs. 19%), despite the investigation being carried out
using a small sample size.

In addition, the present results indicate that follow-up vis-
its for patients with benign GI-SELs determined using FNA-
CB should be conducted. All 12 patients who did not un-
dergo surgery after the diagnosis of benign GI-SELs using
FNA-CB showed good clinical courses without an increase
in the size of their GI-SELs. Based on recent clinical stud-
ies (9-11), surveillance appears feasible for small GI-SELs
(<2 cm), as GI-SELs that increase in size were reported to
be rare. However, few studies have examined the clinical
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courses of benign GI-SELs determined using EUS-FNA.
FNA-CB can be used to obtain supportive information for
creating clinical plans to follow patients when GI-SELs are
determined to be benign using FNA-CB, although a valida-
tion study using a larger number of patients with GI-SELs is
needed.

Furthermore, the present results indicate a strong correla-
tion between the Ki67LI of resected specimens and that of
FNA-CB specimens. In a recent report among resected GI-
SELs, high-risk GI-SELs, classified according to the Na-
tional Institutes of Health (NIH) risk classification system
for GISTs, tended to have a high Ki67LI (8, 12-15). There-
fore, the Ki67LI of FNA-CB specimens may be useful for
the preoperative risk classification of GISTs, which may aid
in determining whether or not neoadjuvant systemic chemo-
therapy should be performed in order to prevent postopera-
tive local or distant metastasis of GISTs (16). In this study,
the rate of discrepancy of the risk groups was relatively low
(<15%). However, since there is heterogeneity in the distri-
bution of Ki67-positive cells within the lesion of
GISTs (17), discrepancy of the Ki67LI values between sam-
pling specimens obtained from EUS-FNA and resection, in-
cluding entire GIST lesions, is sometimes observed. We
therefore additionally investigated the mismatch between the
Ki67 intensities of a sample and the whole tissue, with the
lesion size of GISTs found to be related to the false findings
of Ki67 intensity determined using EUS-FNA. In particular,
based on the present findings, a GIST lesion size of 235
mm seems to be related to the mismatch of risk-grouping
between the 2 types of specimens. For large GISTs likely to
have a heterogenous distribution of Ki67-positive cells, the
following may improve the accuracy of EUS-FNA for deter-
mining the Ki67 intensity: 1) multiple needle passes made
within the GIST lesions in different directions and 2) using
the fanning technique when to-and-fro strokes with an EUS-
FNA needle within the lesions are performed. In the future,
if the findings of EUS, including contrast-enhanced EUS,
specific to hot spots of Ki67-positive cells within the lesion
of GISTs can be identified, the mismatched results of pre-
and post-operative Ki67LIs may therefore have been mini-
mized by targeting the part of the lesion showing the EUS
findings.

Several limitations associated with the present study war-
rant mention. First, this was a retrospective study with a
small sample size conducted at a single medical center. Sec-
ond, immunostaining for factors such as KIT, CD34, and Ki
67 was not carried out on all resected specimens of GISTs.
Third, the procedures for EUS-FNA, including the selection
of needles, number of punctures, and suction method, were
not consistent, as they were left to the physicians’ discre-
tion. Fourth, because the study period was relatively long,
some advances in the EUS-FNA procedure and the process-
ing of obtained tissues may have influenced the diagnostic
results of FNA-CB, depending on the era. However, the
main outcome did not differ markedly between the earlier
(April 2009-December 2014) and later (January 2015-April

2020) study period (89% vs. 83%, respectively). Of note,
the kind of EUS-FNA needle was found to differ depending
on the era (p=0.005), and so-called “EUS-fine-needle biopsy
(EUS-FNB) needles” were recently used in our hospital.
Fifth, despite FNA-CB demonstrating an excellent ability to
obtain adequate evaluable histology specimens and deter-
mine the histology for patients with GI-SELs, FNA-CB
failed for some of those patients. For 15 patients without
evaluable histology specimens obtained from the first FNA-
CB procedure and 3 with resected GI-SELs for which the
first FNA-CB procedure could not determine the histology
preoperatively, the number of cell clusters in their specimens
obtained from the first FNA-CB procedure was <1 (0-1).
Newly-designed EUS-FNB needles, including the Franseen
needle and fork-tip needle (18), may be useful for improv-
ing the number of cell clusters obtained from EUS-FNA.

Despite these limitations, the study results suggest that
FNA-CB may be used to aid in the selection of appropriate
clinical plans for GI-SELs considered suitable for surgery
based on imaging findings.

Conclusion

FNA-CB can be used to determine the histology and re-
productive activity of GI-SELs with considerable accuracy.
Therefore, this combined method can provide not only pre-
operative histological confirmation but also reliable histo-
logical information to determine appropriate clinical plans,
such as follow-up without surgery or neoadjuvant chemo-
therapy, for patients with GI-SELs indicated for surgery.
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