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Given the low incidence of pancreatic cancer in the general population, screening of
pancreatic cancer in the general population using invasive modalities is not feasible.
Combination of invasive screening with noninvasive biomarkers for pancreatic cancer
and its precancerous lesions has the potential to reduce mortality due to pancreatic
cancer. In this review, we focus on biomarkers found in the blood that can indicate
early-stage pancreatic cancer, and we discuss current strategies for screening for
pancreatic cancer. We recently identified a unique alteration in apolipoprotein A2
isoforms in pancreatic cancer and its precancerous lesions, and we describe its clinical
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Pancreatic cancer is the fourth leading cause
of cancer in Japan and the USA, and has the
worst prognosis of solid tumors [1.2]. The Jap-
anese Association of Clinical Cancer Center
reported that the 5- and 10-year survival
rates for pancreatic cancer are 6.3 and 4.9%,
respectively [3]. Early detection of pancreatic
cancer is very difficult, because the pancreas
is located deep within the abdominal cav-
ity, and patients with early-stage pancreatic
cancer do not present unique clinical symp-
toms [4]. Symptoms of abdominal pain, jaun-
dice and/or weight loss are first reported in
locally advanced or metastatic pancreatic
cancer [s]; however, those symptoms are not
unique to pancreatic cancer [67]. The major-
ity of patients with pancreatic cancer consist
of either metastatic or locally advanced pan-
creatic cancer without unique clinical symp-
toms, and 80% of these patients present with
advanced stages of pancreatic cancer [8,9].
Pancreatic ductal adenocarcinoma (PDAC)
is the predominant histological type of pan-

creatic cancer. Surgical resection is the only
potentially curative therapy for PDAC. The
locally advanced or metastatic lesions of
PDAC complicate the curative surgery for
PDAC. Approximately 20% of patients with
PDAC present with potentially curative dis-
ease, such as resectable or borderline resect-
able cancers [8]. A recent study has suggested
that it takes at least 15 years from the initial
mutation to the development of metastatic
pancreatic cancer [10]. This finding indicates
that there is a large window of opportunity
for the early diagnosis of PDAC, even though
the vast majority of patients with PDAC pres-
ent with locally advanced and metastatic
pancreatic cancer.

Since there is a relatively low incidence
of pancreatic cancer in the general popula-
tion, screening of unselected populations for
asymptomatic pancreatic cancer is not cost-
effective with current technologies [8]. There
are a variety of factors that influence pancre-
atic cancer risk. For example, approximately
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1% of adults older than 50 years of age who have new-
onset diabetes are expected to develop pancreatic can-
cer within 3 years [11-13]. In addition, family history of
pancreatic cancer [14-18], environmental factors such as
smoking [19] and factors related to dietary habits, includ-
ing BMI [2021], red meat intake [22], low fruit and veg-
etables intake [22], diabetes [23] and alcohol intake [524],
as well as hereditary pancreatitis syndrome [25] and
certain genotypes have a certain risk of pancreatic can-
cer [726-28]. Particularly in terms of screening and treat-
ment costs, groups with a high risk of pancreatic cancer
would likely benefit from early detection.

As detection methods are refined, imaging could
also be applied to low-risk groups, especially if it were
combined with an inexpensive screening biomarker
such as a blood test.

In general, PDAC develops from three precancerous
lesions: pancreatic intraepithelial neoplasias [29]; intra-
ductal papillary mucinous neoplasms (IPMN) [30];
and mucinous cystic neoplasms (MCN) [31]. Currently
there is a great need for the development of noninvasive
biomarkers for the early detection of pancreatic cancer
including of the precancerous lesions of pancreatic can-
cer (pancreatic intraepithelial neoplasias, IPMN with
high-grade dysplasia or carcinoma 77 situ), in order to
have an impact on survival benefit for pancreatic can-
cer. Techniques in current use for detecting early-stage
pancreatic cancer are more invasive than blood tests
and include endoscopic ultrasound (EUS) and mag-
netic resonance cholangiopancreatography (MRCP)
or endoscopic retrograde cholangiopancreatography
(ERCDP).

Taking into account the high cost of screening for
the incidence of pancreatic cancer, it has been consid-
ered that invasive strategies using an imaging modal-
ity should be performed for patients who have a rela-
tively high risk of pancreatic cancer after screening
for subjects who have a high risk of pancreatic cancer
by a noninvasive strategy such as a blood test using
biomarkers.

In this review, we focus on plasma/serum biomark-
ers for the detection of early stages of pancreatic cancer
and its risk diseases such as precursors of pancreatic
cancer, in order to decrease the mortality of pancreatic
cancer.

We recently identified a potential plasma biomarker
for the detection of patients with pancreatic cancer
and of patients with diseases with a high risk of pan-
creatic cancer, and we reported the usefulness of this
biomarker in a collaboration with the National Can-
cer Institute Early Detection Research Network (NCI
EDRN) [3233] and Japanese study group. This bio-
marker can distinguish patients with stage I/1I of pan-
creatic cancer and its risk diseases from healthy subjects

by detection of the cleaved pattern of the C-terminal
ends of the amino acids of the apolipoprotein A2
(apoA2) homodimer [34-36].

We discuss the current strategies for the screen-
ing of pancreatic cancer. In addition, we describe the
potential clinical usefulness of apoA2 isoforms for the
detection of pancreatic cancer and its risk diseases.

Biomarkers for pancreatic cancer detected

by a blood test

Existing conventional biomarkers for the
detection of pancreatic cancer using a blood
test

Carbohydrate antigen 19-9

Carbohydrate antigen 19-9 (CA19-9) is the most
common biomarker that is used for monitoring the
response to therapy in patients with pancreatic cancer
and this biomarker has been approved by the US FDA
as an 7 vitro diagnostics (IVD) [37]. The weak point of
CA19-9 for the screening of pancreatic cancer is that
CA19-9 mainly reacts with the advanced stage of pan-
creatic cancer, and it is not sensitive enough for the
detection of early pancreatic cancer [38]. In addition,
CA19-9 is not expressed in populations without the
sialylated Lewis blood group antigen [39.40].

CA19-9 is not recommended for screening of pan-
creatic cancer in an asymptomatic population accord-
ing to the American Society of Clinical Oncology [41].
Kim ez al. reported that CA19-9 showed high sen-
sitivity for pancreatic cancer. However, the positive
predictive value was 0.9%, and they concluded that
screening for pancreatic cancer in asymptomatic sub-
jects using CA19-9 is ineffective, because of the low-
positive predictive value for detection of pancreatic
cancer [42].

Carcinoembryonic antigen

Carcinoembryonic antigen (CEA) is the second most
common serum biomarker used clinically to detect
pancreatic cancer [37]. It was initially discovered as a
biomarker for the detection of colorectal cancer. CEA
reacts not only with colorectal cancer, but also with
several other cancers such as pancreatic cancer. A
recent compendium reported median CEA estimates
of 54% sensitivity and 79% specificity in the detec-
tion of pancreatic cancer in an analysis of 13 studies
reporting CEA values in a total of 1323 cases [43].

Other current biomarkers for the detection of
pancreatic cancer by a blood test

A large number of biomarkers that can be used to detect
pancreatic cancer by a blood test have been reported
in the last three decades including DUPAN-2 [44],
Span-1 (451, NCC-ST-439 [46,47], osteopontin [48], mac-
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rophage inhibitory cytokine-1 [49], prolyl 4-hydrox-
ylation of o-fibrinogen [s0] and matrix metaroprote-
ase-7 [51]. Each of those biomarkers detects pancreatic
cancer in a unique way. Some of those biomarkers have
already been applied as IVD products in a clinical set-
ting. However, these biomarkers have not yet been
used for screening of pancreatic cancer because their
positive detection rates are not high enough for the
early detection of pancreatic cancer.

Recently, a diagnostic model that was based on
differences in the metabolomic profile between pan-
creatic diseases and healthy controls was reported for
the detection of pancreatic cancer by Kobayashi ez al.
For distinguishing the early stage of pancreatic can-
cer, this model measures the peaks of four metabo-
lites: 1,5-anhydro-d-glucitol, histidine, inositol and
xylitol using GC-MS ([s2]. This model showed higher
accuracy than conventional biomarkers in detecting
patients with resectable pancreatic cancer; the sensi-
tivity of this method for discrimination of patients
with resectable pancreatic cancer was 77.8%, which
was higher than that of CA19-9 or CEA even in their
validation study.

More recently, Melo et al. described a new and excit-
ing biomarker for the highly sensitive and specific diag-
nosis of pancreatic cancer by using exosomes carrying
GPCl. The most impressive finding with GPCI is the
diagnosis of the early stage of pancreatic cancer from
other benign pancreatic diseases, with 100% sensitiv-
ity and specificity [53]. GPCI can serve as a potential
biomarker for a noninvasive diagnostic and a screening
tool for pancreatic cancer. This study is a pioneer study
since GPC1 in exosomes offers better sensitivity and
specificity than any other marker that is under evalu-
ation for use in clinical practice. It is hoped that fur-
ther studies aimed at clinical development to translate
this technology to practicable clinical methods will be
undertaken [54].

Not only protein- and glycol-based biomarkers but
also DNA- and RNA-based biomarkers for the detec-
tion of pancreatic cancer have been reported. In partic-
ular, diagnostic panels that were constructed by com-
bining expression information of multiple miRNAs in
the blood for detection of the early stage of pancre-
atic cancer have gained considerable attention. Several
potential diagnostic panels that showed impressive
findings for early detection of pancreatic cancer have
been reported [s5]. Kojima et a/. reported that the com-
bination analysis of four miRNAs: miR-6075, miR-
6799-5p, miR-1252a-3p and miR-6836-3p, in the blood
stream had a high AUC value (0.94) for distinguishing
patients with pancreatic cancer from healthy controls.
The AUC value of this model was higher than that of
CA19-9 and CEA.

To apply these potential biomarkers to the clinical
setting, detailed validation studies should be designed.
The best way to confirm the claims of these interest-
ing reports is to have independent validation studies
performed by other research groups or by the NCI
EDRN [s6].

Possible detection of the early stage of
pancreatic cancer & of risk diseases by
apoA2 isoforms

Isolation of a biomarker for the early detection
of pancreatic cancer by plasma protein profiles
using top-down proteomics

To detect the early stage of pancreatic cancer using a
noninvasive biomarker, we screened comprehensive
expression profiles of proteins from plasma that was
obtained from healthy volunteers and from patients
with pancreatic cancers for a plasma biomarker, by
using the technology of top-down proteomics. Top-
down proteomics is a technique that can be used to
perform a comprehensive analysis to obtain a protein
expression profile using mass spectrometry (MS) with-
out digesting the protein by a protease. It includes
MALDI and SELDI-TOF-MS [s7]. In 2005, we identi-
fied a diagnostic panel from a plasma protein profile
that was constructed of four protein peaks and that
could distinguish patients with PDAC from healthy
subjects with high accuracy [34]. The AUC value of
the diagnostic panel, which was calculated by receiver-
operating characteristic analysis to distinguish PDAC
from healthy controls, was 0.978. The algorithm to
calculate the diagnostic panel was generalized from the
protein expression profile of a training cohort (PDAC,
n = 71; and healthy subject, n = 71) using an artificial
intelligence technique. The diagnostic panel was inde-
pendently confirmed by two other validation cohorts
that were collected from two independent Japanese
hospitals. Specifically, in that study we showed that the
protein peak in the environs of 17.5 kDa in patients
with PDCA was significantly decreased in comparison
with healthy subjects [34].

Subsequently, in 2007, Ehmann ez 4/. independently
screened sera of PDCA and healthy controls that were
collected by Heidelberg University Department of
Surgery (Heidelberg, Germany) for a biomarker that
could be used for development of an assay for the early
detection of pancreatic cancer. By using SELDI-TOEF-
MS, they identified a biomarker that was significantly
decreased in the sera of patients with PDCA com-
pared with healthy controls. This protein also had a
molecular weight (MW) of 17.5 kDa [s8]. They identi-
fied this protein using bottom-up proteomics and MS
as an apoA2 isoform in which an amino acid at the
C-terminal end was lacking in an apoA2 homodimer.
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The AUC of this apoA2 isoform to distinguish PDAC
from healthy controls was 0.94 according to Ehmann’s
report [s8]. In addition, in 2010, Xue ¢t al. also identi-
fied an apoA?2 isoform as a serum biomarker that was
reduced in pancreatic cancer by using SELDI-TOEF-
MS. They also reported that a 17.5 kDa protein was
reduced in the sera of patients with PDAC in com-
parison with healthy controls, and they confirmed
that this protein was an apoA2 isoform [59]. Thus, the
significant reduction in apoA2 in PDAC was indepen-
dently validated by other study groups in Germany
and Australia.

Possible detection of PDAC & pancreatic
disorders using the expression level of apoA2
as measured using MALDI-TOF-MS
The mature apoA2 protein consists of 77 amino acids
with 1 cysteine residue at position 6, which represents
the sulfhydryl group responsible for the formation of
disulfide bridges. Most of the apoA2 in human blood
is present as a disulfide-linked homodimer (96%) [ss].
A small fraction forms heterodimers with apolipopro-
tein D and E, and another minor fraction is present as
a monomer [60]. The data of our and other groups of
analyses using MALDI-TOF-MS indicated that there
are three isoforms of circulating apoA2 homodimers in
the blood stream of healthy subjects [61.62]. Moreover,
we newly identified another two isoforms from the
plasma of patients with PDAC [3s]. Figure 1 shows the
C-terminal amino acids of the five isoforms of apoA2
homodimers. We named these isoforms as: apoA2-
ATQ/ATQ (MW, 17,380 Da), apoA2-ATQ/AT
(17,252 Da), apoA2-AT/AT (17,124 Da), apoA2-AT/A
(17,023 Da) and apoA2-A/A (16,922 Da). The three
apoA2 isoforms of apoA2-ATQ/ATQ, apoA2-ATQ/
AT and apoA2-AT/AT were detected in healthy blood,
and the novel two isoforms of apoA2-AT/A and apoA2-
A/A were identified in the plasma of pancreatic cancer
and risk diseases of pancreatic cancer in our MALDI-
TOE-MS study. The concentration of each isoform of
the apoA2 homodimer in the plasma can be semiquan-
titatively measured after its isolation, using information
regarding the different MW of each isoform obtained
by MALDI-TOE-MS analysis. In order to semiquan-
tify the concentration of apoA2 isoforms in the plasma
in a high-throughput format, we newly developed a
sophisticated measurement method, the orthogonal
MALDI-QqTOF (quadrupole TOF)-MS system [35].
To confirm the diagnostic accuracy of apoA2-
ATQ/AT, we prospectively collected plasma samples
of healthy controls, of PDAC, and of the risk diseases
of pancreatic cancer and other gastroenterologi-
cal malignancies from seven independent medical
institutions in Japan (n = 833). We measured the

expression level of apoA2-ATQ/AT in the plasma
of patients with PDAC using MALDI-QTOEF-MS.
We found that the level of apoA2-ATQ/AT in any
clinical stage of PDAC was significantly decreased in
comparison with that of healthy controls. The AUC
value of apoA2-ATQ/AT in pancreatic cancer to dis-
tinguish patients with PDAC from healthy controls
was 0.876.

Moreover, we confirmed this result with the German
cohort that was collected by Heidelberg University.
The AUC value of apoA2-ATQ/AT in the German
cohort was 0.958, and the diagnostic accuracy to dis-
tinguish PDAC from healthy controls was confirmed
by the German cohort [3s].

ApoA2 is a major apolipoprotein and is an impor-
tant component of high-density lipoprotein. ApoA2
is responsible for lipid transportation and alteration
in the levels of apoA2 isoforms might be associated
with hyperlipidemia. Currently we do not have data
regarding lipid levels in the blood stream of the PDAC
patients and controls. However, investigation of the
correlation between the alteration of apoA2 isoforms
and high-density lipoprotein, and hyperlipidemia are
important topics for future studies.

Establishment of a novel ELISA for
measurement of the concentration of apoA2
isoforms, & confirmation of the clinical utility
of ELISA of apoA2 isoforms

Although we previously reported the development
of a novel and sophisticated oMALDI-qQTOF-MS
method for the semiquantitative assessment of the
level of apoA2 isoforms in the blood, several factors
impeded the clinical application of a MALDI-TOF-
MS-based method for the measurement of apoA2 [3s].
One factor is because an MS-based method is difficult
to use as a standardized measurement system. Another
factor is that absolute quantification of molecules by
MALDI-MS has not been established in a clinical set-
ting. We therefore developed novel sandwich ELISAs
for the measurement of apoA?2 isoforms in clinical sam-
ples. We first established specific antibodies with high
affinities for apoA2-AT/AT and apoA2-ATQ/ATQ,
and we then used these antibodies to generate novel
ELISA kits for measurement of apoA2-ATQ/ATQ and
apoA2-AT/AT. In addition, we devised a method by
which the concentration of apoA2-ATQ/AT could be
calculated. The formula that we used to calculate the
concentration of apoA2-ATQ/AT was the following:
apoA2-ATQ/AT (ng/ml) =

\/ apoA2 - ATQ/ATQ * apoA2 - AT/AT

[36].
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Figure 1. Amino acid sequences of the apolipoprotein A2 isoforms [36]. Apolipoprotein All is comprised of 77
amino acids and forms a homodimer in humans via a disulfide bond involving Cys6. The theoretical molecular
weights of the five isoforms of apolipoprotein A2 are shown at left [36].

We then measured the apoA2 isoforms again in
plasma samples that were collected by seven Japanese
medical institutions, using ELISA. Interestingly,
when we checked the distribution of the plasma con-
centration of apoA2-ATQ/ATQ, which is a heavy
isoform (MW, 17,380 Da), and that of apoA2-AT/
AT, which is a light isoform (MW, 17,124 Da), in
patients with PDAC, apoA2-ATQ/ATQ and apoA2-
AT/AT showed reciprocal distributions in pancreatic
cancer in comparison with healthy controls. Thus,
two processing patterns of the C-terminal end of
apoA2 are detected in the plasma of PDAC: one is the
hyper-processing pattern, in which the light isoform
apoA2-AT/AT is predominantly observed, and the
second is the hypo-processing pattern in which the
heavy isoform is predominantly observed (Figure 2).
Neither processing pattern was detected in healthy
controls. These data indicate that apoA2-ATQ/AT,
which is intermediate between the heavy and light
isoforms, also decreases in the plasma of PDAC com-
pared with the healthy controls (Figure 2). A signifi-
cant reduction in apoA2-ATQ/AT was detected in
the plasma of any stage of PDAC in comparison with
healthy controls. AUC values of apoA2-ATQ/AT to
distinguish PDAC from healthy controls are shown
in Figure 3A. AUC values to distinguish stage I, II,

I and V were 0.939, 0.957, 0.926 and 0.946, respec-
tively. AUC values of ELISA kits of apoA2 isoforms
were higher than those of CA19-9 in any stage of
PDAC (Figure 3A & B). A significant reduction in
apoA2 was detected not only in PDAC but also in
risk diseases of PDAC such as chronic pancreatitis,
IPMN and others. The hyper- and hypo-processing
patterns of apoA2 isoforms were also detected in the
risk diseases of PDAC. However, although slight
reductions in apoA2-ATQ/AT were detected in
other gastroenterological tumors but not in pancre-
atic cancer, interestingly, hyper- and hypo-processing
patterns were never observed in other gastroentero-
logical diseases (Figure 3C & D). We consider that the
hyper- and hypo-processing patterns might be phe-
nomena that are unique to pancreatic diseases. The
hyper- and hypo-processing might be explained by
the activity of exopeptidases that are released from
the pancreas into the blood stream with PDAC and
other pancreatic disorders [36].

Confirmation of the clinical utility of apoA2
isoforms measured using ELISA by the NCI
EDRN

The Early Detection Research Network (EDRN), an

initiative of the National Cancer Institute, is a consor-
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Figure 2. Unique processing patterns of the C-terminal ends of the apoA2 homodimer in pancreatic ductal
adenocarcinoma and precancerous lesions of PDAC. (A) Normal, hypo-processing and hyper-processing

patterns; and (B) representative gel-mobility image of MS spectra.(A) The normal type of apoA2 isoforms were
mainly distributed in healthy controls. However, the hypo-processing pattern, in which apoA2-ATQ/ATQ was
predominantly expressed, and the hyper-processing pattern, in which apoA2-AT/AT was predominantly expressed
were detected in PDAC or its risk diseases. In both the hyper- and hypo-processing patterns, because apoA2-ATQ/
ATQ or apoA2-AT/AT was increased, apoA2-ATQ/AT consequently decreased in PDAC [36]. (B) MALDI-MS spectra
were converted to gel-mobility images (16,500-17,500 m/z). The expression patterns were different in each

case. Top blue: healthy controls; top red: PDAC; bottom green: normal pattern; bottom purple: hypo-processing

pattern; bottom brown: hyper-processing pattern [36].

MS: Mass spectrometry; PDAC: Pancreatic ductal adenocarcinoma.

tium of institutions with the goal of accelerating the
translation of biomarker information into clinical appli-
cation for the early detection of cancer [¢3]. The objec-
tives of the EDRN include the development and testing
of promising biomarkers or technologies for early detec-
tion of cancer and the evaluation of promising, analyti-
cally proven biomarkers or technologies. The EDRN
has reference sets available for validating promising
biomarkers for the early detection of several cancers [32].

To independently confirm the clinical utility of the
ELISA kits for measurement of apoA2 isoforms, NCI
EDRN evaluated the ELISA kits of apoA2 isoforms
with a pancreatic reference set that was collected by
NCI EDRN (36]. The pancreatic cancer reference set
consisting of healthy controls (n = 61), chronic pan-
creatitis (n = 62), acute benign biliary duct (n =31)
and pancreatic cancer (stage IA/IB/IIA, n = 55; stage
IIB, n = 42) was blindly measured in Japan, and the
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ELISA data were independently analyzed in the data
management center of NCI EDRN.

When the concentration of apoA2-ATQ/AT in the
reference set was compared with that in the sera of
healthy controls, significant reductions in apoA2-ATQ/
AT were detected in PDAC (stage IA/IB/IIA or stage
I1IB). The AUC value of apoA2-ATQ/AT to distinguish
patients with PDAC from healthy controls was 0.809.
The AUC of apoA2-ATQ/AT was higher than that of
CA19-9. In addition, a significant reduction in apoA2-
ATQ/AT was also detected in chronic pancreatitis,
which is considered as a risk disease of PDAC.

Moreover the combination assay of CA19-9 and
apoA2-ATQ/AT significantly increased the AUC value

®

1.0
0.8 ﬁ
2
g 1Bl
2 o, ELISA apoA2-ATQ/AT
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Stage Il = 0.957
0.2 Stage Ill = 0.926
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T T T T T T
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to distinguish patients with stage I/II from healthy
controls (0.879) in comparison with the AUC value
for CA19-9 alone (0.783). The improvement in the
AUC of the combination assay of apoA2-ATQ/AT
with CA19-9 was 0.098 in contrast with the AUC of
CA19-9 alone (95% CI: 0.04-0.169) [36].

Conclusion

ApoA2 isoforms are a potential biomarker for detect-
ing patients with pancreatic cancer and the risk dis-
eases of PDAC. It might be possible to use ApoA2
isoform measurement to enrich the general population
for individuals at high risk for PDAC. The alteration
of the C-terminal amino acids of the apoA2 homodi-
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Figure 3. ROC and AUC values of apoA2-ATQ/AT and CA19-9. 2D scatter graph of apoA2-ATQ/ATQ and apoA2-AT/AT in the multi-

institutions study. (A & B) ROC curves and AUC values of apoA2 and CA19-9 to distinguish patients with PDAC from healthy controls.
The patients with PDAC were classified into clinical stages according to the Union for International Cancer Control (red line, stage |;

green line, stage Il, orange line, stage Il and purple line, stage IV) [36]. (C & D) 2D scatter graphs of apoA2-ATQ/ATQ (y-axis) and

apoA2-AT/AT (x-axis) in PDAC (orange letter Xs) versus healthy controls (blue circles) (C) and diseases of the pancreas other than PDAC
(orange letter Xs) versus healthy controls (blue circles) (D). The representative hyper- or hypo-processing pattern was recognized in

PDAC and risk diseases of pancreatic cancer [36].

PDAC: Pancreatic ductal adenocarcinoma; ROC: Receiver-operating characteristic.
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mer that is seen in PDAC might be associated with the
exocrine function of the pancreas.

Although numerous biomarkers have been identi-
fied by ‘omics studies for the early detection of PDAC,
detailed validation studies should be designed before
applying these potential biomarkers to a clinical set-
ting. The best way to confirm the claims of those inter-
esting reports is through independent validation stud-
ies performed by other research groups or through the
NCI EDRN.

Future perspective
The possibility of screening & risk stratification
of pancreatic cancer by using a blood test of
apoAz2 isoforms
Screening for PDAC in high-risk individuals, such as
subjects with a background of hereditary factors, adult
onset diabetes, patients with cystic diseases that are
considered as precancerous lesions (IPMN and MCN)
and patients with a history of a genetic syndrome asso-
ciated with pancreatic cancer, will continue in the
next few years. Promising results are already being
reported. Recently, the outcomes of long-term prospec-
tive follow-up studies were reported from European
expert centers. They concluded that surveillance of
CDNK2A mutation carriers was relatively successful,
detecting most PDAC:s at a resectable stage [64].

As described here, apoA2 isoforms may not only be
useful as a plasma biomarker to distinguish PDAC,

but they also have the potential to distinguish diseases
in asymptomatic individuals that have a risk of devel-
oping PDAC. Measurement of apoA2 isoforms for
detecting stage I/II and the risk diseases of PDAC is
a biomarker that can be detected using a blood test.
Therefore, apoA2 is a potential biomarker for filtering
of the general population to enrich for individuals at
high risk of pancreatic cancer.

Proposed biomarkers for early detection of pancre-
atic cancer and risk diseases of PDAC will have to be
confirmed using prospective validation studies that are
designed for the surveillance of individuals at risk for
pancreatic cancer. In addition, if such a biomarker can
detect individuals at risk in the general population,
it would have the potential to identify subjects who
should undergo invasive modalities to detect resectable
pancreatic cancers after first filtering the population
using a noninvasive and inexpensive examination.

To date, the final diagnosis of pancreatic cancer has
been made using imaging and/or pathological find-
ings obtained from fine-needle aspiration biopsy. The
final diagnosis of pancreatic cancer is not based only
on the result of a blood test. The presence of a bio-
marker that can be assayed by an inexpensive blood
test allows screening for the early stage of pancreatic
cancer and the risk diseases including IPMN, MCN
and chronic pancreatitis. A first screening should
therefore be performed in asymptomatic individu-
als using this inexpensive biomarker and, after iden-

Executive summary

pancreatic cancer is urgently needed.

isoforms

Future perspective

e To decrease the mortality of pancreatic cancer, the development of screening methods for early stages of

Due to the low incidence of pancreatic cancer, it is generally considered that the screening of the general
population for pancreatic cancer using invasive and expensive modalities is difficult taking into consideration
the cost—-effectiveness. Combination strategies with biomarkers and imaging are attractive for pancreatic
cancer screening.Existing conventional biomarkers for the detection of pancreatic cancer using a blood test

e There are no existing conventional biomarkers that are recommended by the American Society of Clinical
Oncology for the early detection of pancreatic cancer.

In the last decade, some clinically attractive biomarkers for early detection of pancreatic cancer using blood
tests have been identified by omics studies. To accelerate the clinical development of new biomarkers, it is
important to rapidly evaluate the clinical usefulness of potential biomarkers. The best method for confirming
the claims of these interesting reports is to have independent validation studies performed by other research
groups or by the National Cancer Institute Early Detection Research Network.

Possible detection of the early stage of pancreatic cancer & of risk diseases by apolipoprotein A2

e Unique alteration of processing patterns in the apoA2 homodimer was detected in the blood of patients with
pancreatic cancer and its risk diseases. The potential usefulness of apoA2 isoforms as a plasma biomarker for
the screening and risk stratification of pancreatic has been validated by Japanese study groups, a German
study and the confirmation program of the National Cancer Institute Early Detection Research Network.

e The mortality of pancreatic cancer is one of the worst in the world of diseases of solid malignant tumors.
Future study involving international collaboration for early detection of pancreatic cancer is important in
order to decrease the mortality rate of pancreatic cancer. Development of an early detection program for
pancreatic cancer through international collaboration is needed.
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tification of individuals at risk, the more expensive
imaging modality should be used to diagnose the
pancreatic cancer.

The concept is similar to that of the fecal occult blood
test for screening of colorectal cancer. Thus, although
the fecal occult blood test for colorectal cancer screen-
ing is not an IVD with high sensitivity and specificity,
screening using this fecal occult blood test has the effect
of reducing mortality due to colorectal cancer.

The mortality of pancreatic cancer is one of the worst
in the world of diseases of solid malignant tumors. Future
study involving international collaboration for early
detection of pancreatic cancer is important in order to
decrease the mortality rate of pancreatic cancer. Future
development of an early detection program for pancreatic
cancer through international collaboration is needed.
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