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Pancreatic ductal adenocarcinoma (PDAC) has an extremely poor prognosis, with a
survival rate of less than 10% [1,2]. Various factors have been associated with this phe-
nomenon. For example, effective chemotherapy remains under development [3], and pa-
tients referred for surgical intervention must be selected using strict criteria [4]. However,
the most profound reason for the poor prognosis is the limited early-stage detection of
PDAC [5]. To improve the prognosis, an early-stage diagnosis of PDAC is essential. There-
fore, the selection of an effective diagnostic method is critical.

Ultrasonography (US), computed tomography (CT), and magnetic resonance imag-
ing (MRI) are the commonly used methods for PDAC detection (Table 1). US is easy to
perform at the bedside and is noninvasive. CT aids in diagnosing malignant tumors of the
liver, kidney, adrenal gland, and lymph nodes [6]; moreover, it provides information in
emergencies [7]. MRl is essential for the qualitative diagnosis of a tumor in the abdominal
organs [6]; in particular, diffusion-weighted MRI can identify an abnormal lesion in the
body that cannot be identified using CT [8].

US has limited usage in observing the entire abdominal cavity and diagnosing ab-
normal findings in a clinical setting, including at the scene of an emergency [9]. Moreover,
the diagnostic quality of US depends on the operators [10]. The pancreas is a retroperito-
neal organ behind the stomach that is difficult to observe using US [11]. Therefore, US has
limited efficacy in diagnosing pancreatic diseases. In fact, US’s sensitivity in diagnosing
PDAC is reported to be as low as 69.01% [12]. At an early stage, US has a tumor detection
rate of only 52.6% [13].

CT and MRI are also limited in diagnosing PDAC [14,15], although these methods
provide a clear image of the abdominal organ. CT is not sufficient to diagnose tumors <
20 mm [14]. MRI is good for depicting a cystic lesion but inefficient in diagnosing a small,
solid lesion [15]. Diffusion-weighted MRI is sufficiently efficient in diagnosing PDAC, but
no studies have revealed its ability to detect small PDACs [16]. Positron emission tomog-
raphy (PET) has been used to identify abnormal abdominal lesions, including cancer [17].
However, it is not superior to prior diagnostic methods for PDAC [18].

In other words, any conventional diagnostic method has limitations in diagnosing
PDAC at the early stage.

Recently, endoscopic ultrasonography (EUS) has been reported as a diagnostic tool
for detecting early-stage PDAC [19-22] with a prominent negative predictive value [19].
Essentially, US has a superior ability to reveal minute abnormalities in organs [23]; how-
ever, the circumstances differ in the pancreas. As described above, this organ is retroper-
itoneal, and US cannot detect minute pancreatic lesions pancreas. Moreover, due to its
position behind the stomach, imaging is obstructed by air in the stomach [11], limiting its
ability to observe the entire pancreas.
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Table 1. Advantages and disadvantages of diagnostic imaging methods.

Advantage Disadvantage Commonly Detectable Tumor Size
Us Easy Poor detection of the pancreas and pan- >10 mm
Low cost creatic lesions (Location limited)
Easy Radiation exposure
T >2
¢ Observation of the entire pancreas Poor detection of small PDACs 0 mm
MRI . Easy . Poor detection of small PDACs >10 mm
Observation of the entire pancreas
Eas Radiation exposure
PET . asy . Poor detection of small PDACs >10 mm
Observation of the entire pancreas .
Expensive
Detection of very small PDACs .
EUS Obtaining tissue for histopatho- Invasive >5 mm
5 P Technical difficulty

logical diagnosis

US, ultrasonography; CT, computed tomography; MRI, magnetic resonance imaging; PET, positron
emission tomography; EUS, endoscopic ultrasonography; PDAC, pancreatic ductal adenocarci-
noma.

The ultrasound probe must be placed close to the pancreas, or an endoscope can be
used to overcome these problems. The endoscope tip easily reaches the stomach and du-
odenum, and the pancreas can be observed precisely using US through the walls of these
organs. Several reports have described that EUS is superior to other diagnostic methods,
such as CT, MRI, US, and PET, in identifying PDACs, especially small ones [20,21].

In addition to its ability to detect small PDACs, EUS provides an opportunity to infer
the histopathological characteristics of pancreatic lesions [24]. That is, using the technique
of EUS-guided fine-needle aspiration (EUS-FNA), cytological or histopathological diag-
nosis can be achieved with high sensitivity and specificity for a pancreatic tumor [24-26].
Using EUS-FNA, we were able to diagnose and treat pancreatic diseases accurately. More-
over, various ideas have been reported for a more accurate diagnosis using EUS-FNA,
such as the development of new puncture needles [27,28] and novel methods to aspirate
the tissue [29,30]. Contrast-enhanced (CE) EUS [31] and elastography [32] have recently
been used to observe pancreatic lesions. These data provide information for estimating
the histopathological characteristics of pancreatic lesions. However, the information ob-
tained from these examinations requires objectivity, and further estimation is necessary.

Compared with conventional methods, including CT and MRI, EUS has the potential
to diagnose small PDACs. However, even if EUS can diagnose a small PDAC, the tumor
is invasive and can potentially metastasize because PDAC originates from the pancreatic
ductal epithelium, invades the surrounding parenchyma, and forms a tumor that can be
recognized. The five-year survival rate is unsatisfactory despite the small size of Ia and Ib
tumors (80.4 and 50.0%, respectively) [5]. A case of small PDACs with a diameter of 4 mm
and metastasis to the lymph nodes around the pancreas has been reported [33].

High-grade pancreatic intraepithelial neoplasia/carcinoma in situ (HGP/CIS) de-
serves the definition of “early pancreatic cancer” because it does not metastasize. How-
ever, direct observation of carcinoma in situ is difficult even when using an endoscopic
method because of the small diameter of the main pancreatic duct, and we have no infor-
mation on the macroscopic epithelial findings of HGP/CIS. In other words, diagnosing
HGP/CIS using direct observation is impossible.

However, if we recognize secondary signs suggestive of HGP/CIS, HGP/CIS can be
diagnosed. Main pancreatic duct (MPD) stricture has been accepted as a secondary sign
of early-stage PDAC, including HGP/CIS [13,34]. More sensitive and specific secondary
symptoms of HGP/CIS have been recently explored, including focal pancreatic parenchy-
mal atrophy (FPPA) [35,36]. HGP/CIS influences the surrounding pancreatic parenchyma
through a mechanism that causes atrophy, and this change can be recognized on CT or
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MRI [36,37]. Moreover, this change occurs 38 months [37] or at least 1 year before the di-
agnosis of PDAC [38].

Moreover, the cytological examination of pancreatic juice has advanced. Originally,
pancreatic juice cytology had high sensitivity for diagnosing PDAC, but the results were
not always satisfactory owing to its low sensitivity [39]. However, a novel cytologic
method, serial pancreatic juice aspiration cytologic examination (SPACE) [40,41], has dra-
matically improved the diagnosis of PDAC by means of pancreatic juice cytology.

FPPA is a secondary finding suggesting HGP/CIS that can be recognized on MRI or
CT [36-38,41,42]. FPPA presents as an irregularly shaped focal defect in the pancreatic
parenchyma, which can be recognized as an indentation of the parenchyma on CT or MRI
(Figure 1) [35,36] showing asymmetric changes concerning the MPD. According to the
shape, FPPA is classified into three types: cave-in, slimness, and slit [35]. The cave-in type
presents as a focal indentation of the pancreatic surface; the slimness type as longitudinal
but focal atrophy of the pancreatic parenchyma with a shaggy appearance; and the slit
type as a cuneiform defect of the pancreatic parenchyma.

Figure 1. Focal pancreatic parenchymal atrophy (FPPA). T2 magnetic resonance imaging shows that
the pancreatic parenchyma is lacking with an irregular shape and is replaced by fat (square arrow)
near the cystic lesion (arrow).

Histopathologically, the FPPA area comprises replaced adipose tissue, sometimes
containing fibrotic and chronic inflammatory cells (Figure 2) [36]. The margin of the area
is sharp and clear, and the surrounding pancreatic parenchyma shows no significant
changes, such as inflammatory cell infiltration, fibrosis, or atrophy. FPPA is observed
around or adjacent to the pancreatic duct, with neoplastic changes in the pancreatic ductal
epithelium.

MPD strictures are reliable signs of PDAC, including HGP/CIS [13,34]. However,
FPPA has been reported to be more sensitive and helpful in identifying HGP/CIS of the
pancreatic duct than MPD strictures [35]. Among patients with FPPA, 46% had a positive
result (adenocarcinoma and suspicious) on SPACE, and 65% of those who underwent sur-
gery due to the result had a final histopathological diagnosis of HGP/CIS [36].

FPPA could be an alternative secondary sign of early-stage PDAC, including
HGP/CIS. To evaluate whether FPPA is associated with PDAC development, Nakahodo
et al. reported FPPA was identified in 47/170 (28%) patients before PDAC diagnosis [37],
and the median duration from FPPA detection to diagnosis was 35 months [37]. Moreover,
the resolution of the FPPA was a sign of PDAC development because PDAC developed
and filled the atrophied pancreatic parenchyma [37]. Thus, identifying FPPA provides an
opportunity to diagnose and treat early-stage PDAC.
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Figure 2. Histopathology of focal pancreatic parenchymal atrophy (FPPA). (a) FPPA consists of re-
placed adipose tissue. The margin of the area is sharp and clear, and the surrounding pancreatic
parenchyma shows no significant changes, such as inflammatory cell infiltration, fibrosis, or atrophy
(hematoxylin—eosin, x40). (b) FPPA is observed around or adjacent to the pancreatic duct with neo-
plastic changes in the pancreatic ductal epithelium (square part of a) (hematoxylin—eosin, x200).

However, any degree of neoplastic change in the pancreatic duct could induce FPPA,
although FPPA occurs in association with HGP/CIS because patients undergoing surgery
due to positive SPACE results do not always have histopathological results of HGP/CIS
[37]. FPPA has also been observed around low-grade pancreatic intraepithelial neoplasia
(LGP). Thus, we were concerned about the difference between FPPA in HGP/CIS and LGP.

FPPA was studied by focusing on the size of the area of FPPA [42].and it was revealed
that a larger area of FPPA (>269.79 mm?, p = 0.0001) was related to positive results (adeno-
carcinoma and suspicion) of pancreatic juice cytology on SPACE. Moreover, FPPA com-
monly accompanies a cystic lesion, and when the cystic lesion is prominent and clinically
diagnosed as intraductal papillary mucinous neoplasia, the rate of positive pancreatic
juice cytology results on SPACE is significantly higher [42]. Surgery based on positive re-
sults can lead to a histopathological diagnosis of HGP/CIS [42].

Although FPPA is closely related to neoplastic changes in the pancreatic duct, includ-
ing HGP/CIS, the mechanism of FPPA has not been identified, and various conjectures
have been proposed, such as pancreatic parenchymal cell apoptosis caused by focal acute
pancreatitis [43] and acinar ductal metaplasia [44]. Acute pancreatitis could be induced
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due to pancreatic juice obstruction by the mucin produced by the neoplastic cells, while
histopathological examination of the resected specimen revealed that mucin production
is not always prominent in branch duct obstruction. Acinar ductal metaplasia leads to at-
rophy; however, fat replacement is not accompanied by this phenomenon. Further inves-
tigation is required to clarify the mechanism of action of FPPA.

FPPA can be observed on EUS as a blurred hypoechoic area (Figure 3) [22,45]. The
pancreatic parenchyma is hyperechoic. If the parenchyma is atrophied and the area is re-
placed by fibrosis and fat, echogenicity is lost, and the area becomes hypoechoic. How-
ever, this area is not clearly demarcated and can be blurred. In some cases, fibrosis related
to HGP/CIS strictures the MPD and shows an MPD stricture surrounded by hypoecho,
which is known as a hypoechoic stricture [22].

Figure 3. Endoscopic ultrasonography (EUS) finding of focal pancreatic parenchymal atrophy
(FPPA). FPPA can be observed on EUS as a blurred hypoechoic area (arrow).

A newly developed cytologic examination of pancreatic juice for PDAC, namely
SPACE, has a high sensitivity for PDAC, especially for HGP/CIS [40,41]. Pancreatic juice
cytology was repeated at least six times by placing a nasopancreatic duct drainage tube
(Figure 4). The pancreatic juice for cytology was obtained using endoscopic retrograde
cholangiopancreatography; placing a nasopancreatic drainage tube on SPACE could im-
prove sensitivity because it allowed repeated gain of pancreatic juice and made it possible
to perform cytology multiple times; this improved sensitivity for PDAC [40]. If HGP/CIS
is suspected based on the recognition of FPPA, SPACE can contribute to the diagnosis.
Thus, SPACE can improve the prognosis of PDAC.

However, SPACE may cause post-endoscopic cholangiopancreatography pancreati-
tis (PEP) [36,40]. In addition to the obstruction of pancreatic juice flow from the pancreatic
branch duct during a nasopancreatic drainage tube placement, pancreatic duct injury dur-
ing the introduction of the guidewire into the pancreatic duct could induce PEP. However,
although hyperamylasemia is relatively common [36], the ratio of PEP is not always high,
and severe PEP is rare [36,40]. As pancreatic juice drainage using a nasopancreatic drain-
age tube can be used to treat acute pancreatitis [46], the incidence of PEP during SPACE
is low. Another problem with SPACE is that it impels the patient to stay in the hospital for
several days because of the maintenance of the placed nasopancreatic tube, although
meals are not restricted.

Therefore, SPACE allows early-stage diagnosis of PDAC; however, careful selection
of candidates that require SPACE should be performed because of its inherent complica-
tions and burden.
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Figure 4. Endoscopic nasopancreatic drainage tube (arrow) placement for serial pancreatic juice as-
piration cytologic examination (SPACE).

High-risk factors for PDAC, such as a familial history of PDAC, pancreatic cystic le-
sions, and elderly-onset diabetes mellitus, are well known [47]. Patients at risk of PDAC
are candidates for pancreatic examination. The strategy considered efficient for diagnos-
ing early-stage PDAC is shown in Figure 5.

EUS is the first-choice replacement for MRI or CT because EUS is the only examina-
tion able to reveal a small PDAC. When a tumor is recognized, EUS-FNA is selected to
confirm the diagnosis. When no tumor is recognized despite a high risk of being present,
examination for PDAC should be repeated. The time interval between examinations is
important.

The mean tumor volume doubling time (TVDT) of PDAC is approximately five
months (21.2-255 days) [48,49]. For example, a PDAC with a diameter of 4 mm, which is
difficult to recognize using any diagnostic method, including EUS [33], grows into a tumor
of 5.2 mm within six months, which can be recognized only with EUS. If EUS is used to
observe patients at risk of PDAC, a six-month interval is considered reasonable.

However, some PDACs have shorter TVDTs. If the TVDT is 30 days, a tumor of 4 mm
grows to 15 mm within six months, classified as TS1c, with an unfavorable prognosis and
high potential for metastasis. Once a tumor becomes invasive, its prognosis depends on
its characteristics, and the diagnosis of small PDACs depends on the timing of the exam-
ination. Diagnosing PDAC at stage 0 HGP/CIS before it becomes invasive is ideal.

Before a recognizable tumor emerges, FPPA develops due to neoplastic changes in
the pancreatic duct, which can be recognized on MRI or CT. When EUS does not reveal a
tumor but FPPA is identified, neoplastic changes in the pancreatic duct are suspected, and
SPACE can be used for diagnosing HGP/CIS.

However, if repeated EUS-FNAs cannot diagnose PDAC despite recognition of a tu-
mor, an alternative method in the form of SPACE could be selected because PDAC origi-
nates from the pancreatic duct epithelium and SPACE, which can obtain epithelial cells,
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is more sensitive than EUS-FNA for diagnosing PDAC [22]. Conversion of the examina-
tion results from EUS-FNA to SPACE should also be considered.

In conclusion, the conventional methods for diagnosing PDAC are ineffective in im-
proving prognosis. The early diagnosis and treatment of HGP/CIS are ideal and have be-
come possible. Furthermore, identifying FPPA is essential.

Figure 5. Proposal of a diagnostic strategy for pancreatic cancer at the early stage. Endoscopic ultra-
sound (EUS) is the first-line treatment for patients at risk of pancreatic ductal adenocarcinoma
(PDAC). Endoscopic ultrasound-guided fine-needle aspiration (FNA) is performed when a tumor
is identified. If a histopathological finding of PDAC is not obtained despite repeated EUS-FNA,
serial pancreatic juice aspiration cytologic examination (SPACE) is undertaken. If no tumor is de-
tected on EUS, but focal pancreatic parenchymal atrophy (FPPA) is recognized on magnetic reso-
nance imaging (MRI) or computed tomography (CT), SPACE is selected. PDAC, pancreatic ductal
adenocarcinoma; EUS, endoscopic ultrasonography; EUS-FNA, EUS-guided fine-needle aspiration;
MRI, magnetic resonance imaging; CT, computed tomography; FPPA, focal pancreatic parenchymal
atrophy; SPACE, serial pancreatic juice aspiration cytologic examination.
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