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nCLE combined with EUS-FNA can be performed safely and easily for PNETs. Although the diagnostic performance of
EUS-FNA for PNETs is high, nCLE may be a diagnostic option in cases of inconclusive EUS-FNA findings.
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Background/Aims: Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) is a highly accurate method for diagnosing pan-
creatic neuroendocrine tumors (PNETs); however, some PNETs are difficult to diagnose. Recently, the efficacy of needle-based confo-
cal laser endomicroscopy (nCLE) in diagnosing solid pancreatic masses has been reported. However, the efficacy of nCLE in the diag-
nosis of PNETSs remains unknown and only a small number of cases have been reported. Hence, this study aimed to evaluate the effica-
cy of nCLE in the diagnosis of PNETS.

Methods: This single-center retrospective study evaluated 30 consecutive patients with suspected PNETs on contrast-enhanced com-
puted tomography, who consented to nCLE combined with EUS-FNA and were diagnosed using EUS-FNA or surgical resection. The
diagnostic criteria for PNETs using nCLE were based on the nesting and trabecular and glandular arrangement of tumor cell clusters
surrounded by capillary vessels and fibrosis, as reported in previous studies.

Results: The diagnosis using nCLE was classified into three categories: misdiagnosis in three cases (10%), non-diagnostic in six cases
(20%), and diagnostic in 21 cases (70%). nCLE was able to diagnose PNET in one of the two cases with inconclusive EUS-FNA.
Conclusions: Although further development of the resolution and optimization of the diagnostic criteria are required, nCLE may con-

stitute a useful diagnostic option in cases of inconclusive EUS-FNA for PNETs.
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INTRODUCTION

Endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) is the gold standard technique for diagnosing pancreatic
neuroendocrine tumors (PNETs). Typical PNETs can be differ-
entiated from serous cystic neoplasms (SCNs), solid pseudo-
papillary neoplasms (SPNs), or hypervascular pancreatic me-
tastases. Atypical PNETs and G3 need to be differentiated from
pancreatic adenocarcinoma and acinar cell carcinomas.' The
accuracy of EUS-FNA for the diagnosis of PNETs is reported
to be between 83.3% and 99.9%.”" Recently, fine-needle biopsy
(FNB) needles have been developed, and their utility has been
shown in previous studies.”'” EUS-FNA and FNB are highly
accurate in diagnosing PNETs; however, some PNETS cases are
challenging to diagnose. The location of the tumor in the pan-
creatic head and the presence of rich stromal fibrosis tend to be
associated with a lower diagnostic yield on EUS-FNA."
Confocal laser endomicroscopy (CLE) is a novel endoscopic
method that uses fluorescent dyes to enable a real-time in vivo
histopathological evaluation without tissue sampling. Various
types of probes have different resolutions and depths and have
been developed for different organs. For pancreatic lesions, a
novel needle-based CLE (nCLE) mini-probe has been devel-
oped that can be passed through a 19-gauge EUS-FNA needle.”
The utility of EUS-FNA for small pancreatic tumors is limited.
For tumors <1 cm, diagnosis using EUS-FNA is thought to
be technically challenging not only in targeting the lesion, but
also in obtaining an adequate specimen.”’ nCLE is expected
to overcome such problems. Recently, the efficacy of nCLE
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has been reported in solid pancreatic masses. With the use of
nCLE, Giovannini et al. and Kongkam et al. reported an accu-
racy of pancreatic ductal adenocarcinoma diagnosis of 85.0%

" In contrast, Karstensen et al." stated

and 90.9%, respectively.
that nCLE is unable to distinguish benign from malignant solid
lesions in the pancreas. However, the efficacy of nCLE in the
diagnosis of PNETs remains unknown because these studies
included only a few cases of PNETs. Here, we present the results
of a retrospective study that evaluated the diagnostic perfor-

mance of nCLE in PNETs.

METHODS

Patients

This single-center retrospective study evaluated 30 consecutive
patients with suspected PNETs on contrast-enhanced comput-
ed tomography (CE-CT), who consented to nCLE combined
with EUS-FNA and were diagnosed using EUS-FNA or surgi-
cal resection at Aichi Cancer Center, Nagoya, Japan, between
March 1, 2017, and May 31, 2021. Magnetic resonance imaging
(MRI) and contrast-enhanced endoscopic ultrasound (CE-EUS)
findings were also considered as clinical factors affecting the
accuracy of nCLE, but both were not performed in five of the
30 cases. Gastroenterological interpretation of the nCLE images
was abstracted from the procedure notes in the electronic med-

ical records.

nCLE combined with EUS-FNA procedure
In all patients, nCLE combined with EUS-FNA was performed



under conscious sedation using 5 to 10 mg of intravenous
midazolam (Astellas) and 35 mg of intravenous pethidine hy-
drochloride (Mitsubishi Tanabe Pharma.). EUS was performed
using a Prosound SSD a-10 (Hitachi Ltd.), EU-ME2 (Olympus
Corporation), SU-1 (Fyjifilm Corporation), or ARIETTA850
(Hitachi Ltd.) ultrasound systems with either a GF-UCT260
curved linear echoendoscope (Olympus Corporation) or EG-
580UT curved linear echoendoscope (Fujifilm Corporation).

Initially, the AQ-Flex 19 probe (Cellvizio; Mauna Kea Tech-
nologies) was preloaded into a 19-gauge EUS needle (Expect
Slimline; Boston Scientific Corporation). The pancreatic tumor
was punctured, and the nCLE probe was locked 2 mm above
the tip. Sodium fluorescein was injected immediately after the
target was punctured. The nCLE provided real-time images.
The acquisition time was usually limited to 10 minutes. The
needle position was changed using the fanning technique as ap-
propriate to obtain specific images.

After the nCLE examination, EUS-FNA was performed using
the slow-pull method. EUS-FNA was performed using 22- or
25-gauge needles (EZ shot 3 plus; Olympus Corporation or Ac-
quire; Boston Scientific) as needed.

Definitions

The primary endpoint of this study was the accuracy of nCLE
for PNET diagnosis. The diagnosis of PNETs was based on a
larger series of nCLE in solid pancreatic masses that were pre-
sented at the United European Gastroenterology Week meeting
in 2014. The typical findings of PNETs are nesting, trabecular,
and glandular arrangements of tumor cell clusters surrounded
by capillary vessels and fibrosis. These findings were consistent
with the histological structure (Fig. 1). The secondary endpoints
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were adverse events and factors affecting nCLE accuracy. Ad-
verse events that were possibly related to the procedure and that
occurred after the procedure were described in accordance with
the American Society for Gastrointestinal Endoscopy lexicon."”
The maximal section of the resected specimens was used to
evaluate the degree of stromal fibrosis. ‘Rich fibrosis’ was noted
when stromal fibrosis occupied >30% of the total tumor area."
Continuous variables were analyzed using the Mann-Whitney
U-test. Categorical variables were analyzed using Fisher exact
test. All statistical analyses were performed using EZR software
(Saitama Medical Center, Jichi Medical University, Saitama, Ja-

pan).

Ethical statements

This study was approved by the institutional review board of
our institution (approval no. 2022-0-207). Each patient provid-
ed informed consent to undergo EUS-FNA and nCLE.

RESULTS

The study included 15 males (50.0%) and 15 females (50.0%).
The patients’ ages ranged from 38 to 76 years (median, 60
years). Pancreatic tumors were located in the body (n=13,
43.3%), head (n=9, 30.0%), or tail (n=8, 26.7%) of the organ.
Median tumor size was 10.0 mm (range, 5.3-60.0 mm). Seven
lesions (23.3%) contained cystic components. The final diag-
nosis was achieved using surgical resection or EUS-FNA in 19
(63.3%) and 11 (36.7%) cases, respectively. Regarding grading,
27 PNETSs were classified as G1 or G2 in 25 (83.3%) and 2 (6.7%)
cases, respectively. The remaining three cases were diagnosed
using EUS-FNA, but the grading was unclassified (Table 1).
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Fig. 1. Typical needle-based confocal laser endomicroscopy images of pancreatic neuroendocrine tumors (PNETs). (A) Typical findings of
PNETSs. (B) Nesting, trabecular, and glandular arrangements of tumor cell clusters. (C) Surrounding capillary vessels and fibrosis. (D) These
findings are consistent with the histological structure (hematoxylin and eosin staining, x400).
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Table 1. Patient characteristics (1=30)

Table 2. Details and results of EUS-FNA and nCLE (n=30)

Characteristic Value Details of procedure Value
Age (yr) 60 (38-76) Needle type of EUS-FNA
Sex (male/female) 15/15 FNA needle 10 (33.3)
Location of tumor FNB needle 20 (66.7)

Head 9 (30.0) No. of punctures 2 (1-5)

Body 13 (43.3) Acquisition times for nCLE (s) 269 (90-640)

Tail 8(26.7) Accuracy of EUS-FNA 28 (93.3)
Size of tumor (mm) 10.0 (5.3-60.0) Egg 2:::11112 ((Zleg)) gg 8;
Cystic component -

th Absent P 23(767) Accuracy of nCLE 21 (70.0)

P . 723 :7’) Accuracy of EUS-FNA+nCLE 29 (96.7)
Ei rlecs;n i< achieved ' Adverse events 0(0)

inal diagnosis achieve

. . Values are presented as number (%) or median (range).
1 1 .
:ﬁglé}fsectlon l? (gz ;) EUS-ENA, endoscopic ultrasound-guided fine-needle aspiration; nCLE,
B (36.7) needle-based confocal laser endomicroscopy; FNA, fine-needle aspiration;

WHO grade (2019) FNB, fine-needle biopsy.

Gl 25 (83.3)

G2 2(6.7)

Unclassified 3(10.0)

Values are presented as median (range) or number (%).
EUS-ENA, endoscopic ultrasound-guided fine-needle aspiration; WHO,
World Health Organization.

The needles used for EUS-FNA were FNA needles in 10
patients (33.3%) and FNB needles in 20 patients (66.7%). The
median number of punctures was 2 (range, 1-5). The mean
acquisition time for nCLE was 269 seconds (range, 90-640 sec-
onds). The accuracies of EUS-FNA were 90.0% with the FNA
needle and 95.0% with the FNB needle. The accuracy of nCLE
was 70.0%, which was significantly lower than that of EUS-
FNA alone. However, in one of the two cases with inconclusive
EUS-ENA results, the nCLE was able to diagnose PNET. The
accuracy of nCLE combined with EUS-FNA was 96.7%. No
adverse events were observed. Fluorescein was well tolerated by
all patients (Table 2).

Among the 30 cases, nCLE results were classified as a mis-
diagnosis, non-diagnostic, and diagnostic in 3 (10%), 6 (20%),
and 21 cases (70%), respectively. Among the patients, there was
a 50-year-old male with an 8-mm pancreatic body lesion that
was inconclusive on EUS-FNA (Fig. 2). The two misdiagnosed
cases were diagnosed as SCNs due to a superficial vascular net-
work-like findings observed on nCLE or a small number of cells
in the vascular bundle. In the six non-diagnostic cases, there
were findings indicating PNETs and other pancreatic tumors on
nCLE; only isolated small dark cells or fine white fibrous bands
were observed (Fig. 3). In four misdiagnosed and non-diagnos-
tic cases, surgical resection was performed (Table 3), and the
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tumors in all cases had rich stromal fibrosis in the surgical spec-
imens. For example, Case 1 from Table 3 is presented in Figure
4. Univariate analyses were conducted to identify the factors
affecting the accuracy of nCLE. MRI-T2-weighted imaging
(MRI-T2 WI) findings constituted a significant clinical factor
affecting the accuracy of nCLE. Tumor location, tumor size,
presence of cystic components, and CE-EUS findings were not
found to be significant clinical factors (Table 4). Grading was a
significant pathological factor affecting the accuracy of nCLE.
The presence of a clear border, intraductal pancreatic extension,
cystic components, and the degree of stromal fibrosis were not
found to be significant pathological factors (Table 5).

DISCUSSION

This retrospective study investigated the diagnostic perfor-
mance and safety of EUS-guided nCLE for PNET. To our
knowledge, this is the first report to evaluate the diagnostic
yield of nCLE for PNETSs in a relatively large sample of patients.

Regarding the safety of nCLE combined with EUS-FNA,
because nCLE is performed using FNA needles, no problems
beyond the known adverse events related to EUS-FNA should
be expected. Additionally, adverse events associated with the
intravenous administration of fluorescein are considered mild
and transient. No adverse events were found in this study, simi-
lar to previous studies on nCLE for solid pancreatic masses." '
Although nCLE requires exclusive equipment and is costly, it
can be performed easily and safely in combination with EUS-
FNA.
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Fig. 2. A case of inconclusive endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA). (A, B) The lesion is detected in the pancreatic
body using enhanced computed tomography and EUS. (C) The needle-based confocal laser endomicroscopy image shows typical findings
of pancreatic neuroendocrine tumor (PNET). (D) EUS-FNA shows no tumor cells in the cell block (x100). (E) Histopathological view of the
surgical specimen (hematoxylin and eosin staining, x20). (F) The pathological diagnosis is PNET, G1. F-1: hematoxylin and eosin staining,
x100; F-2: synaptophysin is positive, x100; F-3: chromogranin A is positive, x100; F-4; Ki-index is <1%, x100.
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Fig. 3. Needle-based confocal laser endomicroscopy images of misdiagnosed and non-diagnostic cases. (A) Superficial vascular network. (B)
Small cells with vascular bundles. (C) Small dark cells that are isolated. (D) Fine white fibrous bands.

In this study, the accuracy of nCLE for the diagnosis of = SCNs, the hypervascular areas were identified as superficial
PNETs was 70.0%, which was not satisfactory. Typical PNETs  vascular networks. In one misdiagnosed SPN case, areas of rich
are detected as hypervascular tumors on contrast-enhanced  stromal fibrosis and a few tumor cells were identified as small
CT. Hence, differentiating them from SCNs and SPNs is of  cells with white stromal bands. It is critical to consider that
crucial importance. Typical findings of SCNs and SPNs are  even in PNETs, nCLE images characteristic of SPNs and SCNs
superficial vascular networks and small cells with white stro-  may be observed. In surgical cases among the misdiagnosed

19,20

mal bands, respectively. * In the two misdiagnosed cases of  and non-diagnostic cases, the characteristic arrangement of
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Table 3. Detailed characteristics of misdiagnosed and non-diagnostic cases

Case Age (yr) Sex Location Size (mm)  Cystic component nCLE diagnosis Final diagnosis achieved
1 59 Female Tail 8.5 - No typical finding Surgical resection

2 73 Female Body 10.2 - SCN EUS-FNA

3 47 Male Head 56.7 - No typical finding Surgical resection

4 70 Female Head 82 - No typical finding EUS-FNA

5 60 Female Body 6.4 - No typical finding Surgical resection

6 60 Female Tail 40.1 - SPN Surgical resection

7 76 Male Body 10.4 + SCN EUS-FNA

8 42 Male Body 7.0 - No typical finding EUS-FNA

9 54 Female Body 8.3 - No typical finding EUS-FNA

nCLE, needle-based confocal laser endomicroscopy; SCN, serous cystic neoplasm; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration;

SPN, solid pseudopapillary neoplasm; —, absence of cystic components.

Fig. 4. Examples of misdiagnosed and non-diagnostic cases (Case 1 from Table 3). (A, B) Lesions are detected in the pancreatic tail using con-
trast-enhanced computed tomography and endoscopic ultrasound. (C) The needle-based confocal laser endomicroscopy image shows only
fine white fibrous bands. (D) Histopathological examination of the surgical specimen shows rich stromal fibrosis in the tumor (hematoxylin
and eosin staining, x20).

tumor cells was only observed in small areas due to the pres-
ence of rich stromal fibrosis, and nCLE was unable to detect the
findings. The diagnosis of PNET by EUS-FNA is based on the
presence of small round cells on hematoxylin and eosin stain-
ing in combination with immunohistochemistry showing the
expression of chromogranin A and synaptophysin. Therefore,
even cases with rich stromal fibrosis can be diagnosed if the tu-
mor cells are collected. Conversely, nCLE cannot be diagnosed
unless characteristic arrangements of tumor cell clusters are
observed. In this study, to evaluate the association between the
diagnostic performance of nCLE and stromal fibrosis, we ex-
amined the degree of stromal fibrosis in surgical specimens as a
pathological factor and the findings of MRI-T2 WT as a clinical
factor. We considered the findings of MRI-T2 WT as a clinical
factor because it has been reported that most PNETSs are hyper-
intense on MRI-T2 W1, but PNETs with rich stromal fibrosis
appear isointense or hypointense.m’22 The present results suggest
that the findings of MRI-T2 WI were a significant clinical fac-
tor affecting the accuracy of nCLE, and the accuracy of nCLE
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in cases with isointense or hypointense findings was lower than
that in cases with hyperintense findings. The degree of stromal
fibrosis was not a significant pathological factor affecting the
accuracy of nCLE. However, the accuracy of nCLE in cases with
poor stromal fibrosis was 100%, whereas the accuracy of nCLE
in cases with rich stromal fibrosis was 63.6%, which may not
have been a significant factor owing to the small number of cas-
es. Hijioka et al. reported that tumors with rich stromal fibrosis
have a lower diagnostic yield on EUS-FNA than tumors with
minimal fibrosis,"" which may be more pronounced in nCLE.
How can the diagnostic performance of nCLE be improved in
such cases? The fanning technique is useful for obtaining diag-
nostic findings from nCLE. However, the fanning technique is
difficult to apply for small lesions.

In contrast, when the tumor is too small to allow for inad-
equate sampling by EUS-FNA, nCLE is useful because tissue
sampling is not required. Such a case was presented in this
study. Furthermore, cystic PNETs are considered good candi-
dates for nCLE for the same reason. Although there were no



Table 4. Univariate analyses of clinical factors affecting the accuracy
of nCLE

Variable Number Accuracy (%) p-value

Location of tumor 0.68
Head 9 77.8
Body/tail 21 66.7

Size of tumor (mm) 1
<10 15 66.7
=210 15 73.3

Cystic component 0.39
Absent 23 65.2
Present 7 85.7

CE-CT 0.14
Early enhancement 25 76.0
Others 5 40.0

MRI-T2 WI” 0.01
High intensity 13 92.3
Low-iso intensity 12 41.7

CE-EUS” 1
Hyper vascularity 19 68.4
Hypo-iso vascularity 6 66.7

nCLE, needle-based confocal laser endomicroscopy; CE-CT, contrast-en-
hanced computed tomography; MRI-T2 WI, magnetic resonance imag-
ing-T2-weighted imaging; CE-EUS, contrast-enhanced endoscopic ultra-
sound.

“Five cases had not undergone MRI. “Five cases had not undergone CE-
EUS.

Table 5. Univariate analyses of pathological factors affecting the ac-
curacy of needle-based confocal laser endomicroscopy
Variable

Number Accuracy (%) p-value

Clear border 0.21
Absent 1 0
Present 18 83.3

Intraductal pancreatic extension 0.21
Absent 18 83.3
Present 1 0

Cystic component 0.60
Absent 11 72.7
Present 8 87.5

Stromal fibrosis 0.10
<30 8 100
>30 11 63.6

Grading 0.04
Gl 17 88.2
G2 2 0

cases with strong cystic changes in this study, the usefulness of
nCLE in cystic neuroendocrine tumors that cannot be diag-
nosed by EUS-FNA has been reported.”*** In univariate anal-
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yses of factors affecting the accuracy of nCLE, the location of
the tumor, size of the tumor, and presence of cystic components
were not found to be significant factors that may enable the di-
agnosis of pancreatic lesions without tissue sampling. Grading
was a significant independent factor affecting the accuracy of
nCLE; however, there were only two G2 cases, and these two
cases were characterized by rich stromal fibrosis. It is possible
that nCLE could overcome the limitations of EUS-FNA. How-
ever, further studies with larger numbers of cases are required
to confirm this hypothesis.

Currently, probe-based confocal laser endomicroscopy
(pCLE) is widely used in the gastrointestinal tract, and its ef-
ficacy has been reported in several studies.” In contrast, the
diagnostic performance of nCLE for pancreatic cystic lesions
and solid pancreatic masses has not yet reached the level of
pCLE. nCLE has a smaller outer diameter and lower resolution
than pCLE because it is performed through the FNA needle. In
addition, nCLE is susceptible to respiratory variability and in-
tratumor heterogeneity of tumor cells. Each of these issues can
be addressed to some extent by abdominal compression and
changes in the puncture line; however, there are some limita-
tions to this approach. Further developments in the resolution
and optimization of diagnostic criteria are warranted to im-
prove the diagnostic performance of combined nCLE.

The limitations of this study include its retrospective design
and the fact that it was performed at a single center with a
small number of patients. Another limitation is that the final
diagnosis was achieved not only by surgical resection but also
by EUS-FNA. In addition, because all the cases were PNETS,
the specificity and positive/negative predictive values could not
be evaluated. In fact, there were cases with typical findings of
PNETs on nCLE that could not be diagnosed or were diagnosed
as another tumor by EUS-FNA and were followed up without
surgical resection. If such cases were diagnosed as PNETs by
surgical resection, the diagnostic yield of nCLE would have a
different outcome.

In conclusion, nCLE combined with EUS-FNA can be per-
formed safely and easily for PNETs. Although the diagnostic
performance of EUS-FNA for PNETs is high, nCLE may be a
diagnostic option in cases of inconclusive EUS-FNA findings.
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