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Application of EUS-based techniques in the evaluation
of pancreatic cystic neoplasms
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ABSTRACT

Pancreatic cystic neoplasms (PCNs) are being detected increasingly frequently due to the widespread use of high-resolution
abdominal imaging modalities. Some subtypes of PCNs have the potential for malignant transformation. Therefore, accurate
diagnosis of PCNss is crucial to determine whether surgical resection or surveillance is the best management strategy. However,
the current cross-section imaging modalities are not accurate enough to enable definite diagnoses. In the last decade, EUS-based
techniques have emerged, aiming to overcome the limitations of standard cross-section imaging modalities. These novel
EUS-based techniques were primarily designed to acquire distinct images to make radiological diagnoses, collect cyst fluid to
undergo biochemical or molecular analyses, and obtain tissue to conclude the pathological diagnoses. In this article, we present
a comprehensive and critical review of these emerging EUS techniques for the diagnosis of PCNs, with emphasis being placed
on the advantages, feasibilities, diagnostic performances, and limitations of these novel techniques.
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INTRODUCTION

Pancreatic cystic neoplasms (PCNs) are being detected
more frequently due to advances in radiological
technologies. The prevalence of PCNs ranges from
1.9% to 49.1% in different races.'*! PCNs comprise
a broad spectrum of tumors. In general, PCNs can
be classified into four primary types: serous cystic
neoplasms (SCNs), mucinous cystic neoplasms (MCNs),
intraductal papillary mucinous neoplasms (IPMNs),
and solid pseudopapillary neoplasms (SPNs).
Nearly 90% of all PCNs consist of these four
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pathological types.! IPMNs are subcategorized
into main duct IPMNs (MD-IPMNs), branch duct
IPMNs (BD-IPMNs), and mixed IPMNs, according to
the different types of pancreatic duct that is connected
to the cysts. However, PCNs have varied biological
behaviors. SCNs are benign tumors; only symptomatic
SCNs require further management, and they are
very rare.’l SPNs are tumors with low potential for
malignant, and surgical resection is required once this
tumor is identified.l! IPMNs and MCNs ate mucinous
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neoplasms, which represent the tumors that have the
potential for malignant transformation.”

If a PCN is identified, two characteristics should be
verified. First, the biological nature of the cyst should
be identified; in other words, we should know whether
the cyst is malignant or benign. This characteristic is
of crucial importance, as it influences the treatment
strategy (surgical resection or surveillance). Second, if
the cyst is benign, the malignant potential should be
verified. In other words, we should know whether the
cyst is mucinous or nonmucinous. This characteristic
may influence the surveillance strategy. Conventionally,
computerized tomography (CT) or magnetic resonance
imaging (MRI) is applied to evaluate PCNs. Even with
high-quality imaging, the correct classification of the
cyst type can be challenging. Since no direct modality
could predict the malignant transformation of a PCN,
the imaging feature evaluation was adopted to predict
the possibility of malignancy indirectly by the current
guidelines. For example, the presence of mural nodules,
dilated main pancreatic duct (MPD), and cyst size are
important predictors of malignant PCNs. However,
even a mural nodule measuring 25 mm on EUS
has a sensitivity of 73%—85% and a specificity of
71%—100%.5" As a result, the diagnostic accuracies
of imaging modalities remain imperfect. The accuracy
of CT for differentiating benign from malignant cysts
was 71%—80%. CT was able to assess communication
between the MPD and the cyst, with 80% sensitivity in
distinguishing IPMNs 2. other cyst types. The accuracy
of MRI for distinguishing a benign from a malignant
cyst ranged from 55% to 76%, with 96% sensitivity for
diagnosing an IPMN from other cyst types.'? Thus,
CT/MRI is imperfect in identifying the exact type
of PCN. As a result, the management of MCNs and
IPMNs represents the key and difficult points in the
clinical practice of PCNs.

EUS is recommended as an adjunct to other
imaging modalities.!”) EUS was reported to have
the ability to detect intracyst microstructures, for
example, mural nodules, thickened septa, or mucous
plugs.>'**1 However, EUS imaging alone was reported
to have an accuracy of 65%—-96% for differentiating
a benign from a malignant cyst, which was similar
to the accuracy of MRI and CT." As a result, many
techniques have been described to improve the ability
of EUS to identify the true risk for a PCN. In this
review, we describe the current novel EUS-based
techniques in the evaluation of PCNs, primarily
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focusing on their advantages, feasibilities, diagnostic
performances, and limitations. These techniques include
imaging techniques (contrast-enhanced harmonic
EUS [CE-EUS], through-the-needle confocal laser
endomicroscopy, and through-the-needle cystoscopy),
cyst fluid analyses (tumor biomarker analyses,
biochemical analyses, and molecular and proteomic
analyses), and through-the-needle tissue acquisition
techniques.

CONTRAST-ENHANCED HARMONIC EUS

CE-EUS has a better ability to detect mural
nodules."! The improved ability may be attributable to
the injected second-generation ultrasound contrast agents
(Sonazoid or SonoVue), which can detect microcirculation
with better resolution and fewer artifacts than Doppler
EUS images. Fujita ¢/ al. reported 21 patients with
IPMNs who were suspected of having mural nodules
and scheduled for surgical resection initially. The patients
underwent CE-EUS, and four hypervascular lesions
were identified. The patients with avascular lesions were
diagnosed with mucous plugs and avoided undergoing
unnecessary surgery.') However, the sample size for this
study was small. Zhong ¢ a/!"® divided the CE-EUS
imaging mode into five types. These researchers concluded
that the nonenhancement type, hypoenhancement type,
and mixed type were associated with malignancy. The
diagnostic accuracy was over 92%, which was significantly
higher than CT/MRI/EUS. Howevet, the classification
mode is subjective, which limits its utilization. A total
of 70 studies and 2297 resected IPMNs were included
in a systematic review and meta-analysis conducted by
Marchegiani ez a/" These researchers concluded that
mural nodule size, as measured by CE-EUS, had a
considerable effect on predicting malignant IPMNs, with a
pooled standardized mean difference of 0.79. In addition
to the ability to detect mural nodules, a recent study
conducted by Ohno ¢ @/ concluded that CE-EUS could
predict MPD involvement with a sensitivity, specificity,
and accuracy of 83.5%, 87.0%, and 84.9%, respectively.
However, only 71.6% of the malignant cases had MPD
involvement.” Therefore, the value of this ability for
CE-EUS needs to be further evaluated.

In general, due to its favorable ability in evaluating
mural nodules, CE-EUS was recommended by the
European evidence-based guidelines for the further
evaluation of suspected mural nodules and vascularity
within the cyst and septations.””l Moreover, the impact
of interobserver agreement should not be ignored. The
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interobserver agreement is favorable for Sonazoid and
moderate for SonoVue.'*

EUS-GUIDED FINE NEEDLE-BASED
CONFOCAL LASER ENDOMICROSCOPY

EUS-guided needle-based confocal laser endomicroscopy
enables visualization of the 7z vivo imaging of the
epithelium of the cyst. The fluorescein is injected
intravenously before EUS-nCLE, and an nCLE
miniprobe is advanced into the cyst through a 19G
needle. Intracystic epithelial and vascular image patterns
are captured to identify the specific type of PCN.
EUS-nCLE provides an optical biopsy, which can
partially replace the cytological biopsy [Figure 1].

The diagnostic criteria for EUS-nCLE were not established
until 2015. A French multicenter study concluded that the
“superficial vascular network” observed by nCLE was a
unique feature of SCNs.! The sensitivity and specificity
of the nCLE-based diagnosis of SCNs were 69% and
100%, respectively. In their phase 2 study, this group
described nCLE patterns for MCNs, pseudocysts, and
cystic neuroendocrine tumors (NETSs).? The “finger-like
papillac with outer epithelium (dark) and inner vascular
core (white)” pattern was a feature of IPMNs. The
“horizontal horizon-type epithelial bands” pattern was a
feature of MCNSs. The “dark background (no vasculature)
with bright speckles (inflammatory cells)” pattern was a
feature of pseudocysts. A trabecular pattern of cell clusters
separated by the cyst stroma was a feature of cystic NETS.
Recently, these researchers validated these patterns in a
cohort of 78 patients. The sensitivity and specificity of
EUS-nCLE to distinguish premalignant pancreatic cysts
(SPNs, BD-IPMNSs, cystic NETs, and MCNs) from benign
lesions were 96% and 95%, respectively. To differentiate
mucinous from nonmucinous lesions, the sensitivity and
specificity were 95% and 100%, respectively.

i Cellvizio

Figure 1. (a) EUS-guided fine nCLE image of an IPMN displaying
multiple papillary projections. (b) EUS-nCLE image of the superficial
vascular network pattern of a serous cystadenoma. Multiple
interconnected vessels (white arrows). Red cells inside displayed as
black structures (orange arrow). nCLE: Needle-based confocal laser
endomicroscopy

o2

In other centers, the diagnostic ability of EUS-nCLE
was also favorable. In a Chinese center, Feng ez al.
adopted a pattern for malignant PCNs with “dark
aggregates of neoplastic cells.”®) The accuracy,
sensitivity, and specificity of this feature for the
diagnosis of malignant PCNs were 94%, 75%, and
100%, respectively. In a US center, Antonio et al.
concluded that the diagnostic yield for nCLE was
84.1%, which was significantly higher than current
“composite standard” (clinical, morphological, cyst fluid
cytology, and chemical analyses).*!

However, there are limitations to the widespread
utilization of EUS-nCLE. First, due to the insufficient
number of subjects included in studies and the lack of
prospective research, the evidence to support the use of
nCLE in the diagnostic algorithm of PCNs is limited.””
Second, the interobserver agreement may also strongly
influence the diagnostic accuracy.” Third, this novel
technology is expensive, and EUS-nCLE adds to the cost
of management of PCNs. Although total costs in both
the public and private sectors will be decreased due to
the reduction in the frequency of surgical interventions
after EUS-nCLE,»*) individual patients may be reluctant
to spend additional funds that are not covered by
insurance. As a result, EUS-nCLE was not adopted by the
current guidelines in the management of PCNs. Further
prospective studies with large sample sizes are warranted
to establish the indication and position of EUS-nCLE.

EUS-GUIDED THROUGH-THE-NEEDLE
CYSTOSCOPY

The principle for cystoscopy is similar to that for
nCLE. Cystoscopy is a procedure that enables
direct visualization of the contents of cysts and
the inner cyst wall by means of a single-operator
cholangioscopy fiberoptic probe (Spyglass). The
probe is introduced through a 19G needle into the
cyst.

In a retrospective Chai ez al
performed through-the-needle cystoscopy in
43 patients.’ These
that a tree-like branching pattern of blood
vessels may suggest the diagnosis of an SCN
(sensitivity, 69%; specificity, 91%) and that intracystic
papilla-like structures may be characteristic of
mucinous cysts (sensitivity, 22%; specificity, 92%).
However, only 55.6% of the patients had a clear
background. Adverse events were rare, no pancreatitis

study,

researchers concluded
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Figure 2. Microforceps

was observed, and only two patients presented with
mild abdominal postprocedure pain.

In the prospective DETECT study, Nakai ez a/.
performed cystoscopy followed by nCLE in
30 patients.’!! The quality of images was rated as
fair or poor in 33% of patients, while the rate
of fair or poor image quality for nCLE was 10%.
Mucinous fluid was described as having a viscous,
cloudy appearance. The sensitivity of cystoscopy in
detecting mucinous cysts was 90%. When cystoscopy
and nCLE were combined, the sensitivity increased
from 90% to 100%. Postprocedure, pancreatitis was
reported twice.

The images obtained by cystoscopy tend to be vague,
and the sensitivity in diagnosing mucinous cysts is
suboptimal. Moreover, the data of cystoscopy in
diagnosing malignant cysts are scarce. Similar to
nCLE, the cost of cystoscopy is also high. As a result,
cystoscopy has a lower position than nCLE in the
management of PCNs.

CYST FLUID TUMOR BIOMARKER AND
CHEMICAL ANALYSIS

Cyst fluid cytology and tumor markers

The cyst fluid was obtained by EUS-fine needle
aspiration (FNA). Conventionally, the evaluation of
cyst fluid included cytological analysis to differentiate
benign from malignant PCNs and tumor biomarker
analysis to differentiate mucinous from nonmucinous
PCNs. However, the diagnostic ability of EUS-FNA
remains suboptimal.
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The cytology in the cyst fluid is highly specific
(83%—100%) in identifying malignant cysts, but it
is relatively insensitive (27%—48%) in identifying
malignant cysts, resulting in a low diagnostic
accuracy (8%—59%).7% Repeat EUS-FNA may improve
the sensitivity up to 20%, though only in some specific
subtypes (eg., cystic NETs).F!

CEA in the cyst fluid is considered to have the
highest accuracy rate to differentiate mucinous cysts
from nonmucinous cysts, but the cutoff level varies
depending on reports. The most widely acknowledged
cutoff level was 192 ng/mlL, with a sensitivity of
52%-78% and specificity of 63%-91%. 5334374 In
addition to the ability of identifying mucinous cysts,
CEA >800 ng/mL was thought to be a marker
for diagnosing malignant cysts with a suboptimal
sensitivity of 48%." Other tumor markers (CA19-9,
CA724, CA125, and CA153) were also evaluated
and were found to have a lower sensitivity
in identifying mucinous cysts compared to that
with CEA.P**#%1 CA125 combined with CEA has
the ability to differentiate MCNs from other cyst
subtypes.* Cyst fluid amylase levels have been
reported to be higher in IPMNs and pseudocysts
compated to those in PCNs (<250 U/L).*" Cyst fluid
viscosity was considered to be a delineating marker
for differentiating mucinous from nonmucinous PCNs.
The diagnostic accuracy, sensitivity, and specificity
for cyst fluid viscosity were 81.8%, 70%, and 91.7%,
respectively.*!

Cyst fluid glucose

Recently, the cyst fluid glucose level was expected to
replace CEA in diagnosing mucinous cysts. Glucose
measurement is simple, rapid, inexpensive, and requires
only a little volume of the cyst fluid. Park es o/ first
found that glucose levels were significantly lower in
mucinous cysts (5 z5. 82 mg/dL, P = 0.002). The best
performance for glucose level was observed by using
a cutoff of 66 mg/dL, with a sensitivity, specificity,
and accuracy of 94%, 64%, and 84%, respectively.
The diagnostic accuracy was comparable to CEA
(84% ws. 77%). In this study, kynurenine was also
identified as another marker that can discriminate
between mucinous and nonmucinous cysts with a
sensitivity of 90%. These researchers validated these
findings, with a larger cohort 2 years later.”? The
cutoff level for glucose level was set at 50 mg/mlL in
this study. The sensitivity and specificity reached 88%
and 78%, respectively. Meanwhile, the CEA cutoff of
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192 ng/mL had a sensitivity and specificity of 73% and
89%, respectively, in this study. Later, several studies
demonstrated that cyst fluid glucose level performs
better than CEA in differentiating mucinous from
nonmucinous cysts."**"! However, similar to CEA, cyst
fluid glucose level was unable to diagnose malignant
PCNs. Therefore, cyst fluid glucose level is a promising

biomarker in diagnosing mucinous cysts.

CYST FLUID MOLECULAR ANALYSIS

Molecular analysis of the cyst fluid obtained by
EUS-FNA has become a promising modality for
the differentiation of PCNs. The molecular analysis
included DNA, RNA, protein, and metabolomic
markers.

DNA markers

The cell-free supernatant in the cyst fluid contains
DNA that can be analyzed.P! Mutations in KRAS are
thought to be eatly events in the biogenesis of IPMNs,
as it is found in all IPMN subtypes.”” Mutant KRAS
in the cystic fluid was found to be highly specific
(92%-96%) for mucinous cyst diagnosis but with low
sensitivity (33%-45%).% Similatly, high amplitude
KRAS mutations were able to detect malignancy with
high specificity (96%) but low sensitivity (45%).1*"
Cysts with high-grade dysplasia were found to have
more KRAS mutations, as well as a higher risk of
progression.P? Thus, KRAS mutations may act as
a marker for poor prognosis, rather than a cancer
detection marker.

GNAS code is another important molecular marker.
GNAS mutation is detected in 61% of IPMNs, but its
presence does not correlate with clinical outcome.
When analyzed in combination with KRAS mutations,
96% of IPMNs were positive for at least one of the
oncogenes.” In cyst fluid, either GNAS or KRAS
mutation had a sensitivity and specificity of 65% and
100%, respectively, for mucinous differentiation.”® The
detection ability could be improved by the application

of next-generation sequencing (NGS).’

Recently, the novel methylated DNA markers
(TBX15 and BMP3) were described as accuracy
markers in the diagnosis of malignant PCNs. The
area under the receiver operating characteristic curve
was 0.93, which was significantly higher than KRAS
and CEA.I! Moreover, the GNAS locus methylation
change is associated with malignancy, and the sensitivity

and specificity were 75% and 90%, respectively.l!

A study by Gaiser ef al1*! concluded that detection
of oral bacteria DNA sequences (Fusobacterium
nucleatum and Granulicatella adiacens) is an early marker
for the progression of IPMNs. These researchers
also concluded that a reduction in the pancreatic
inflammatory microbiome may represent a therapeutic
strategy for IPMNs. [

In addition to the DNA markers mentioned above,
other DNA mutations (BRAF, CDKN2A, CTNNBI,
NRAS, PIK3CA, RNF43, SMAD4, TP53, and VHL)
were also reported to be able to achieve accurate
classification of PCNs.I®! In contrast to detect
malignant cases, the KILF4 mutations are more prevalent
in low-grade IPMNS, either in tissue samples or in cyst
fluid samples.[**

RNA markers

Numerous RNA markers (micro-RNA, noncoding RNA,
long noncoding RNA, and single-cell RNA sequencing)
in resected specimens, pancreatic juice, and serum
have been identified to differentiate low- and high-risk
IPMN, 7! but we will not discuss this in the present
review. Notably, scarce research has focused on the
value of these RNA markers in the tissue obtained
by EUS-FNA. In cyst fluid, micro-RNA 21 (miR-21)
was reported to have the ability to differentiate
between mucinous and nonmucinous cystic lesions
with 80% sensitivity and 76% specificity.”? Another
study concluded that the combination of miR-21
and miR-221 is indicative of malignancy in PCNs.[”)
Matthaei e /" found that nine mictoRNAs (miRNAs)
in the cyst fluid were able to accurately identify cysts
requiring resection zs. observation, obtaining a sensitivity
and specificity of 89% and 100%, respectively.
However, the conclusion was contradicted by Utomo
¢t al., who achieved only 10% sensitivity.” The NGS
from the cystic fluid differentiating low- and high-risk
IPMNs yielded a panel of 13 miRNAs.[™

Protein markers

Proteomic cystic fluid analysis for differentiating
mucinous cysts and defining the risk of malignancy
is of high accuracy.”! However, proteomic analysis
is even more complicated than molecular analysis.
Ke ¢t al. identified amylase isoenzymes, mucins
(MUC1, MUC5AC, MUCS5B, and MUC16), CEACAM
family members (CEACAMs 5, 6, and 7), and
S100 homologs that provide valuable information on
the invasive potential of a pancreatic cyst.”™ A study
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by Jabbar e a/. identified eight biomarker candidates
for malignant potential and high-grade dysplasia/cancer
by an explorative proteomic approach. Mucin-5AC
and mucin-2 were identified as the optimal markers to
discriminate premalignant/malignant lesions from benign
lesion, with an accuracy of 97%.1 A combination
of mucin-5AC and prostate stem cell antigen could
identify high-grade dysplasia/cancer with an accuracy
of 96% (95% confidence interval, 90%-99%) and
detected 95% of malignant/severely dysplastic
lesions.” Another study identified olfactomedin-4 was
associated with the presence of MCNs and IPMNs.*!
The mass to charge (m/z) ratio was observed to
be different in malignant and benign IPMNs. Five
protein peaks were identified that were highly accurate
in discriminating malignant IPMNs.®!l The general
inflammatory marker interleukin-1 was predictive for
high-risk IPMNs, with a sensitivity and specificity of
79% and 95%, respectively.®™ The vascular endothelial
growth factors (VEGF)-A and VEGF-C were found
to be significantly increased in the cyst fluid from
benign SCNs compated to those in MCNs.[¥l Other
protein markers (tissue polypeptide antigen, SPINKI,
claudins, mAb Das-1, and plectin-1) in the cyst fluid
were reported to have the ability to differentiate PCNss,
but further validation is needed.®®¥ In conclusion,
the proteomic analysis in the cyst fluid is useful in
differentiating malignant from benign PCNs, as well as
mucinous from nonmucinous cysts. However, due to
high numbers and variability, the proteins tested display
a lack of one definitive marker capable of accurate
diagnoses.™”

The limitation of molecular and proteomic analyses
was similar to those of EUS-nCLE. The expensive
molecular and proteomic analyses can only be
performed in a small number of academic institutions.
Moreover, although there are useful markers that have
been evaluated for the differentiation of PCNs, as we
mentioned above, some subtypes lack specific markers
such as cystic NETSs. Since it is impossible to do all
molecular and proteomic tests at the same time for one
single cyst, the diagnostic criteria should be established,
and the indications for each molecular and proteomic
marker should be verified.

The cyst fluid markers and their ability to differentiate
mucinous from nonmucinous cysts are summarized in
Table 1. The other markers employed to differentiate
benign from malignant cysts are summarized in Table 2.
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NOVEL EUS-GUIDED TISSUE ACQUISITION
TECHNIQUES

Cell block technique

In 2019, Newtown ¢# a/. described the cell block
technique to process the specimen from the cyst
fluid obtained by EUS-FNA. Cell block preparations
are two times more likely to diagnose MCNs than
are direct smears and fluid CEA biochemistry."” Cell
block techniques may be a better specimen processing
method than standard smear cytology. However, the
data supporting the cell block technique as a routine
process are scarce, which limits the wide utilization of
the technique.

Brush cytology

To process brush cytology, the brushing device is
introduced through a 19G needle under EUS guidance,
and cells from the cyst wall were brushed and
collected. In the study by Sendino e a/,”" employing
this technique, 50% of mucinous cells »5. 18% with
standard EUS-FNA were identified. Al-Haddad ez @/
reported that brush cytology is more likely to provide
an adequate mucinous epithelium specimen (62%)
than standard FNA (23%). The conclusion was similar
to a study by Lozano ez /" Diagnostic material
was obtained in 85.1% of the patients undergoing
brush cytology compared with 66.3% of the patients
undergoing EUS-FNA. However, in these studies,
approximately 8%—10% of patients had postprocedural
complications. One case died from retroperitoneal
bleeding. As a result, the routine use of brush cytology
is not permitted in clinical practice.

Targeted cyst wall puncture

This technique utilizes a standard FNA/FNB needle
and introduces the needle inside the cyst followed by
aspiration and decompression of the cyst. Next, the far

wall of the cyst is punctured, and the needle is moved
back and forth through the wall to collect epithelium cells.

In a study by Hong ¢7 al., a 22G standard FNA needle
was applied.”! Cellular material adequate for cytological
evaluation was reported in 81% of cases. Four
malignant cysts were independently diagnosed by cystic
wall puncture cytology. In contrast to brush cytology,
the percentage of adverse events reported with this
technique in this study was relatively lower (1.45%).

In another study by Barresi ef a/,” a 22G ProCore
FNB needle was utilized. In this study, the diagnostic
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Table 1. Primary cystic fluids markers that identify mucinous and non-mucinous cysts

Marker Cyst type Cut-off Sensitivity/Specificity (%)
CEA Mucinous >192 ng/mL 73/84
CA125 MCN >10.0 U/ml 94.4/81.3
CA19-9 Mucinous >50,000 U/mL 75/90
Amylase Pseudocyst >250 U/mL 44/98
Cyst fluid viscosity Mucinous 1.3cP 70/91.7
Glucose Mucinous <50 mg/mL 88/78
KRAS combined with GNAS mutation Mucinous NA 65/100*
GNAS mutation IPMN NA 98/100*
miR-21 Mucinous NA 80/76*
VEGF-A Serous >8,500 pg/mL 100/97
VEGF-C Serous >200 pg/mL 100/90
MUC5AC + endorepellin Mucinous NA 92/94
MUC5AC + CA19-9 Mucinous NA 87/86
Kynurenine Mucinous NA 90/100

*The sensitivity and specificity can be improved by next generation sequencing. NA: Not available; CA: Cancer antigen; CEA: Carcinoembryonic antigen;
KRAS: Kirsten rat sarcoma viral oncogene homolog; GNAS: Guanine nucleotide-binding protein; MUC: Mucin; VEGF: Vascular endothelial growth factor;

IPMN: Intraductal papillary mucinous neoplasms; MCN: Mucinous cystic neoplasms

Table 2. Primary cyst fluid markers for malignant pancreatic cystic lesions

Maker Cyst type Cut-off Sensitivity/Specificity (%)
Cytology Malignant NA 27-48/83-100
Cell block technique Malignant NA 81/100
CEA Malignant >800 ng/ml 48/98
miR-21 plus miR-221 Malignant NA NA
miRNA panel (miR-24, 30a-3p, 18a, Malignant NA 89/100
92a, 342-3p, 106b, 142-3p, 532-3p)

MUC5AC plus MUC2 Premalignant 0.01 sum 97/100
MUC5AC plus PSCA Malignant 12 sum 95/100
IL-1 Malignant NA 79/95
mAb Das-1 Malignant Optical density 0.104 88/98
Novel methylated DNA markers (TBX15, BMP3) Malignant NA 90/92
GNAS locus methylation change Malignant NA 75/90
KRAS mutation Malignant NA 45/96

NA: Statistically significant but Sensitivity/Specificity not reported. NA: Not available; CEA: Carcinoembryonic antigen; MUC: Mucin; IL: Interleukin;
KRAS: Kirsten rat sarcoma viral oncogene homolog; GNAS: Guanine nucleotide-binding protein; miR: microRNA; PSCA: Prostate stem cell antigen

adequacy for cytological examination was approximately
65%, while the diagnostic adequacy for histological
examination was 40.1%. The technique was especially
useful in patients who had a solid component within
a cyst, and malignant cysts with cytological adequacy
rates increased to 94.4% and 100%, respectively. Mild
complications were observed in 3.3% of the patients.

Despite the better results obtained with this technique
compared with that of the cytology of cyst fluid, about
one-third of the patients still had inclusive diagnoses,
and less than half of the patients reached histological
diagnoses. The adequacy rate was still not sufficient for
clinical practice.

EUS-guided through-the-needle microforceps biopsy
EUS-guided through-the-needle microforceps
biopsy (EUS-TTNB) was first described in 2016.%

D

The forceps is introduced through a 19G FNA needle
and has serrated jaws, enabling targeted biopsies
of the cyst wall under EUS guidance [Figure 2].
This technique is the most promising technique
in diagnosing PCNs, at present. Westerveld e a/.
conducted a meta-analysis to assess the diagnostic yield
of EUS-TTNB.P" Eight studies and 426 patients were
included in this study.”*'"! EUS-TTNB was successfully
performed in 418 of 426 cases for a pooled technical
success of 98.2%. The pooled diagnostic yield for
a specific cyst type was significantly higher with
TTNB histology (72.5%) compared to that in FNA
cytology (38.1%). The pooled concordance of TTNB
and FNA with surgical pathology for a specific cyst
type was 82.3% and 26.8%, respectively. The pooled
concordance for mucinous cysts was also higher for
TTNB (89%) »s. ENA (41%). Similarly, the pooled
concordance with the histological grade of a mucinous
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cyst on surgical pathology was significantly higher
with TTNB (75.6%) vs. FNA (26%). Moreover, two
TTNB specimens at a procedure time reached 100%
histological adequacy and a specific diagnosis in 74%
of patients.!'”” More than two specimen collection
procedures for TTNB did not provide additional
information.'® However, the risk of adverse events
should not be overlooked. The pooled rate of adverse
events was 7.0% (5% with intracystic hemorrhage and
2.3% with acute pancreatitis). Fortunately, most of
these cases required additional interventions. Only one
case developed a pseudocyst that required endoscopic
drainage.’’! The data in this meta-analysis were similar

to the data obtained in other meta-analyses.!""!'"!

In general, these findings suggest that EUS-TTNB is
feasible, the diagnostic yield is high, and the adverse
event rate is moderate, but a serious adverse event is
rarely observed. Future well-designed prospective studies
with large sample sizes are warranted to enhance the
role of BUS-TTNB in the management of PCNs.

CONCLUSION

PCNs are increasingly detected on imaging, but
their characterization remains challenging due to
limitations of the current imaging techniques. In
this study, we presented a comprehensive review
on emerging EUS tools for the diagnosis of PCNs.
Among these tools, through-the-needle cystoscopy
and targeted cyst wall puncture still have been utilized
least frequently, with the most extensive experience
being reported for CE-EUS, nCLE, and TTNB.
Many novel cyst fluid markers have been described,
but the diagnostic standard is lacking. Future studies
should address the clinical impact of these markers
on patient management, the optimal timing for their
application in the diagnostic algorithm of PCNs, and
their cost-effectiveness. Moreover, the combination of
through-the-needle techniques and cyst fluid analyses
may further improve the ability of clinicians to diagnose
PCNs. The question of how these techniques may be
best utilized warrants further research.
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