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performance of the developed system. We collected whole blood RNA from 53

patients with intraductal papillary mucinous neoplasms in a per protocol analysis.
The sensitivity of the system for PDAC diagnosis was 73.6% (95% confidence inter-
val, 59.7%-84.7%). The specificity for noncancer volunteers, chronic pancreatitis, and
patients with intraductal papillary mucinous neoplasms was 64.7% (54.6%-73.9%),
63.6% (40.7%-82.8%), and 47.8% (26.8%-69.4%), respectively. Importantly, the
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for PDAC.
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1 | INTRODUCTION

Pancreatic ductal adenocarcinoma is among the most difficult
malignancies to diagnose and treat, resulting in poor prognosis.i*2
Approximately 10% of PDAC patients are diagnosed in an early phase
(ie, stage | and Il), when radical treatment involving surgical removal
of the PDAC lesions is available.>* Chemotherapy has only limited
efficacy in terms of prolonging the survival of PDAC patients.’ The
overall survival after diagnosis of PDAC is less than 5 years, which
is the poorest among all digestive system malignancies. Therefore,
novel diagnostic tools capable of detecting PDAC in the early stages,
as well as sufficiently effective treatment options to substantially
improve the prognosis of PDAC, are required.

Previously, we reported that the gene expression profile of periph-
eral blood showed characteristic alterations in the digestive system of
cancer patients.® The local cancer tissues of PDAC were substantially
infiltrated with inflammatory cells, including immune-suppressing cells
as well as lymphocytes expressing the immune checkpoint molecule,
programmed cell death 1 (PD-1). In addition, certain genes expressed
in whole peripheral blood, as well as CD4" cells and CD14" cells, were
found to be important in the inflammation seen in PDAC.” Therefore,
peripheral blood cells reflect the host inflammatory condition in asso-
ciation with local cancer tissues in PDAC.

We developed a blood mRNA PDAC screening system based on
determining changes in the mMRNA expression levels of 56 genes in
whole blood by RTD-PCR. We undertook a multi-institutional clini-
cal study to test the performance of this system. The system perfor-
mance was assessed in 53 PDAC patients, 102 noncancer subjects,
22 chronic pancreatitis patients, and 23 IPMN patients. The system
showed sensitivity of 73.6% (95% Cl, 59.7%-84.7%). The specificity
for noncancer volunteers, chronic pancreatitis patients, and IPMN
patients was 64.7% (54.6%-73.9%), 63.6% (40.7%-82.8%), and 47.8%
(26.8%-69.4%), respectively. Thus, the screening system, based on
examination of changes in gene expression in blood, could be useful.

2 | MATERIALS AND METHODS
2.1 | Complementary DNA microarray analysis to
determine gene expression in whole blood

Twenty-eight PDAC patients and 27 noncancer subjects (Table S1)

were enrolled for gene expression analysis of whole blood cells, to
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sensitivity of this system for both stage | and stage Il PDAC was 78.6% (57.1%-100%),
suggesting that detection of PDAC by the system is not dependent on the stage of
PDAC. These results indicated that the screening system, relying on assessment of

changes in mMRNA expression in blood cells, is a viable alternative screening strategy

clinical trial, in vitro diagnostics, mRNA screening system, pancreas cancer, whole blood cells

select candidate genes for establishing a blood PDAC screening system.
For blood collection, we used PAXgene blood RNA tubes (PreAnalytix,
Hombrechtikon, Switzerland) in which the RNA of whole blood cells
was immediately stabilized after collection and mixed with reagents in
the tubes. The study was approved by the Institutional Review Board
of Kanazawa University (Kanazawa, Japan) and its related hospitals.
We used a cDNA microarray Whole Human Genome 4x 44K Array
kit (G4112F; Agilent Technologies, Santa Clara, CA, USA) for analysis
of gene expression of whole blood obtained from 17 PDAC patients
and 13 noncancer subjects, as described previously.” Briefly, RNA was
extracted from PAXgene blood RNA tubes using a PAXgene Blood
RNA System kit (PreAnalytix) in accordance with the manufacturer's
protocol, followed by RNA quantification using a NanoDrop ND-1000
Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA).
Cy-3-labeled cRNA was synthesized from 300 ng total RNA using a
Quick Amp Labeling kit, and then hybridized to the cDNA microar-
ray. The hybridized microarray was scanned using a cDNA Microarray
Scanner (Model G2505B; Agilent Technologies), and the obtained
image was processed using Feature Extraction software version 9.5.3.1
(Agilent Technologies) to obtain the value data. The data, which were
normalized using GeneSpring GX software version 11.0.2 (Agilent
Technologies), were used to select candidate genes for RTD-PCR anal-
ysis. The cDNA microarray data were deposited in Gene Expression
Omnibus (NBCI, Bethesda, MD, USA) with the number GSE125158.

2.2 | Real-time detection PCR

Gene expression analysis by RTD-PCR for candidate genes selected
from cDNA microarray data was undertaken as described previ-
ously.” Briefly, cDNA was synthesized from total RNA extracted
from samples in PAXgene Blood RNA tubes using an RT? HT First
Strand Kit (Qiagen, Hilden, Germany). Synthesized cDNA was meas-
ured using Custom RT? Profiler PCR Arrays (Qiagen) according to
the manufacturer's instructions. Quantitative PCR was carried out
using a LightCycler 480 Instrument Il version 1.5.0.39 (Roche, Basel,

Switzerland).

2.3 | Selection of genes for blood mRNA
screening system

To establish the mRNA blood screening system, we used blood RNA
from 28 PDAC patients and 27 noncancer subjects. Using RTD-PCR,
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we measured the mRNA expression levels of candidate genes whose
expression was assessed by cDNA microarray. For the selection
of genes, we used a support vector machine with the linear kernel
and sequential variable erasing methods.® Discrimination between
PDAC and noncancer subjects was undertaken using Fisher's linear
discriminant with a penalized matrix for gene expression correlation
analysis. We applied leave-one-out cross-validation, using the RTD-
PCR data of 1 case as a test dataset for both gene selection and clas-
sifier building. Discrimination ability was assessed according to the
sensitivity and specificity. The number of genes used for classifica-
tion was based on cross-validated sensitivity and specificity. Finally,
we developed a final classifier by applying the whole algorithm with
the determined number of genes to all 55 cases to be mounted in the

blood mMRNA screening system.

2.4 | Clinical study design to assess performance of
blood mRNA screening system

The clinical study to test the system performance was designed in
consultation with the Japanese Pharmaceutical and Medical Device
Agency, which is a Japanese regulatory agency, working together
with the Ministry of Health, Labour, and Welfare to protect public
health by assuring the safety, efficacy, and quality of pharmaceu-
ticals and medical devices, and was approved by each participating
institutional ethical committee (UMINO00020758). The primary
end-points were sensitivity and specificity of the blood mRNA
PDAC screening system. The secondary end-points were the PPV
and NPV for the blood mRNA PDAC screening system, and the
sensitivity, specificity, PPV, and NPV for CEA and CA19-9. The
clinical study was undertaken in 50 PDAC patients and 100 non-
cancer subjects. We also enrolled patients with IPMN and chronic
pancreatitis, whose clinical data were not available. The inclusion
criteria were as follows: PDAC patients, diagnosis by imaging studies
or pathologically; chronic pancreatitis and IPMN patients, diagno-
sis by imaging studies; and non-cancer subjects, considered normal
based on medical records for the previous year or on current medi-
cal check-up. The subjects were aged between 40 and 90 years. All
subjects provided written informed consent prior to participating in
the study. Exclusion criteria are shown in Table S2. The participat-
ing institutions were as follows (all based in Japan): Department of
Gastroenterology, Kanazawa University Hospital; Department of
Internal Medicine, Toyama Prefectural Central Hospital; Department
of Gastroenterology, Toyama Municipal Hospital; Department
of Gastroenterology, Tonami General Hospital; Department of
Gastroenterology, Kanazawa Medical Center; Ishikawa Saiseikai
Kanazawa Hospital; Department of Gastroenterology, Matto
Ishikawa Central Hospital; Fukui Saiseikai Hospital; Department of
Gastroenterology, Tsuruga Hospital; and Department of Internal
Medicine, Keijyu General Hospital.

Blood was collected using PAXgene blood RNA tubes
(PreAnalytiX) for mRNA expression measurement. Sera were also
collected for CEA and CA19-9 measurement by the standard che-
miluminescent enzyme immunoassay. Results of CEA greater than

5.0 ng/mL and CA19-9 greater than 37.0 U/mL were judged to be

positive.

2.5 | Statistical analysis

For the clinical validation study, we used Wilcoxon's signed-rank
test or Fisher's exact test for group comparisons. In evaluating the
system performance, point estimates and 95% Cls of sensitivity and
specificity were calculated. Pearson's correlation analysis and t test
were applied using IBM SPSS Statistics (IBM, Armonk, NY, USA).

3 | RESULTS

3.1 | Establishment of blood PDAC screening
system

We reported previously that the gene expression profile of whole
blood cells from the digestive system of cancer patients was dif-
ferent from that of normal noncancer subjects.® Based on these
findings, we established a blood PDAC screening system using
RTD-PCR for genes, the expression levels of which in whole blood
were altered in PDAC patients. We first extracted 2 sets of 384
genes assessing the cDNA microarray data of 17 PDAC patients
and 13 noncancer subjects (GSE125158). The 384 genes in 1 set
were selected by their expression, which was affected at FC >1.5
and P < 0.00013. The other set of 384 genes was selected by a
powerful machine learning algorithms-random forest method,’ in
which 200 bootstraps were used to find the top genes that have
more power to distinguish PDAC from noncancer subjects. The
179 genes that were included in both gene sets were finally se-
lected. From the remaining genes in this analysis, we chose 134
genes, considering their biological meanings. We also selected
51 genes, whose flags for expression were positive in 12 of 17
PDAC patients and absent in 10 of 13 noncancer subjects. Thus,
we finally selected 364 genes to further construct the equation
for the PDAC screening system (Figure S1). For 28 PDAC patients
and 27 noncancer subjects, including the above subjects, we car-
ried out RTD-PCR of these 364 genes and 17 housekeeping genes
including GAPDH (Table S3). We used GAPDH as a reference as its
expression was substantial and showed no difference between
PDAC patients and noncancer subjects. Therefore, we have used
delta Cp, which was obtained by subtraction of the GAPDH Cp
value from that of each gene, for mMRNA expression. To determine
the gene number for discrimination of PDAC and noncancer sub-
jects, we used the statistical method applied with the support
vector machine and recursive feature elimination® during the
leave-one-out cross-validation among these 55 cases (Figure S2).
The cross-validated sensitivity and specificity to discriminate
PDAC from noncancer subjects were sufficiently high (93% and
100%, respectively) based on 56 genes; increasing the number of
genes above 56 did not increase discrimination performance. By
this analysis, we found that 56 genes were sufficient for the most
excellent accuracy.
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(Continued)

TABLE 1

ponent

GOTERM_Cellular com

Coefficient
value

Gene

(MF)

GOTERM_Molecular function

(cc)

gical process (BP)

GOTERM_Biolo

symbol Gene description

Refseq #

G0:0000139~Golgi membrane,

-13.2931

Family with sequence

FAM198B

NM_015626

GO:0005794~Golgi apparatus
GO0:0005622~intracellular,

similarity 198 member B
WD repeat and SOCS box

GO0:0004842~ubiquitin-protein

GO:0000209~protein polyubiquitination,

-13.4219

WSB1

NM_014795

transferase activity,

G0:0005829~cytosol

GO:0016567~protein ubiquitination,

containing 1

GO:0005515~protein binding

GO:0035556~intracellular signal

transduction

GO0:0000287~magnesium ion

GO:0005637~nuclear inner

membrane,

GO:0006811~ion transport,

-16.3131

ATP11B ATPase phospholipid

NM_005857

binding,

G0:0015917~aminophospholipid

transport,

transporting 11B (putative)

GO0:0004012~phospholipid-

GO0:0005769~early endosome,

translocating ATPase activity,

GO0:0005783~endoplasmic

reticulum,

GO:0034220~ion transmembrane

transport,

GO:0005515~protein binding,

GO:0005524~ATP binding,

GO:0005794~Golgi apparatus,

G0:0045332~phospholipid translocation

GO:0015075~ion transmembrane

transporter activity

GO0:0005886~plasma mem-

brane,
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G0O:0016020~membrane,

GO:0055037~recycling

endosome

—, no data available.

Therefore, we finally selected 56 genes (Table 1) for expression
analysis in whole blood cells in 28 PDAC and 27 noncancer subjects.
As a final classifier, obtained through application of the classifi-
cation algorithm based on 56 genes to all 55 subjects, we obtained
the following equation for PDAC diagnosis using the weighted linear

sum of each gene's expression level:

Sum- value=

intercept+a, xgenel+a, xgene2+...... +as, #x geneb6

In the formula above, a is a coefficient value for each gene
(Table 1); “al*gene 1 + a2*gene 2 + ......... +a56**gene 56" was deter-
mined based on Fisher's linear discriminant, and its threshold was
209.018. To simplify the threshold value as zero by the formula,
intercept value, -209.018, in the equation, was mounted. Thus,
sum-values O or higher and less than O were taken as positive and

negative for PDAC, respectively.

3.2 | Characteristics of subjects registered in the
clinical study used to assess the performance of blood
mRNA screening system

We designed a clinical study to assess the performance of the blood
MRNA screening system. The study cohort consisted of 54 patients
with PDAC, 25 with IPMN, 22 with chronic pancreatitis, and 104
noncancer subjects (Figure 1). All subjects were assessed for suit-
ability for the safety analysis cohort and full analysis set. After ap-
plying the exclusion criteria, we finally included 53 patients with
PDAC, 23 with IPMN, 22 with chronic pancreatitis, and 102 non-
cancer subjects.

Some of the clinical characteristics, such as age, gender, and
body mass index, were different between PDAC patients and non-
cancer subjects (Table 2). The frequency of alcohol drinking was not

different between PDAC patients and noncancer subjects (Table 2).

3.3 | Performance of blood mRNA screening system

The sensitivity and specificity of the blood mRNA PDAC screening
system for 53 PDAC patients and 102 noncancer subjects was 73.6%
(95% Cl, 59.7%-84.7%) and 64.7% (54.6%-73.9%), respectively. The
specificity for chronic pancreatitis and IPMN patients was 63.6%
(95% Cl, 40.7%-82.8%) and 47.8% (95% Cl, 26.8%-69.4%), respec-
tively (Table 3). The sensitivity for the conventional tumor markers
CEA and CA19-9 was 41.5% (95% Cl, 28.1%-55.9%) and 71.7% (95%
Cl, 57.7%-83.2%), respectively (Tables 4 and 5). In noncancer sub-
jects, the specificity for CEA and CA19-9 was 96.1% (95% Cl, 90.3%-
98.9%) and 97.1% (95% Cl, 91.6%-99.4%), respectively (Tables 4 and
5). The PPVs of the mRNA blood screening system, CEA, and CA19-9
for chronic pancreatitis and IPMN were 76.5%-83.0%, 71.9%, and
95.1%, respectively (Tables 3-5); the respective values for noncan-
cer subjects were 50.6%, 82.1%, and 92.9%, respectively. The NPVs
of the mRNA blood screening system, CEA, and CA19-9 for all cases
were 86.1%, 81.1%, and 90.4%, respectively (Tables 3-5). Pearson's

correlation analysis was applied between these conventional tumor
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Registration
205 cases
A B C D
PDAC Chronic pancreatitis IPMN Noncancer
54 patients 22 patients 25 patients 104 cases
FAS exclusion
0 cases
Full analysis set: FAS A B C D
205 cases PDAC Chronic pancreatitis IPMN Noncancer
A B C D 0 patients 0 patients 0 patients 104 cases
PDAC Chronic pancreatitis IPMN Noncancer
54 patients 22 patients 25 patients 104 cases
PPS exclusion
Per protocol set: PPS 4 cases (inappropriate for criteria, excluded by criteria)
201 cases A B C D
A B C D PDAC Chronic pancreatitis IPMN Noncancer
PDAC Chronic pancreatitis IPMN Noncancer 1 patient 0 patient 2 patient s2 cases
53 patients 22 patients 23 patients 102 cases

FIGURE 1 Outline of the clinical study to assess the performance of the blood mRNA screening system for pancreatic ductular
adenocarcinoma (PDAC). The study cohort consisted of 54 patients with PDAC, 22 with chronic pancreatitis, 25 with intraductal papillary
mucinous neoplasm (IPMN), and 104 noncancer subjects. No cases were excluded from the full analysis set. In the per protocol set, 1 PDAC
patient, 2 IPMN patients, and 2 noncancer volunteers were excluded. Thus, 53 PDAC patients, 22 chronic pancreatitis patients, 23 IPMN
patients, and 102 noncancer subjects were included in the per protocol analysis

markers and scores of the mRNA screening system. The correlation
coefficients for CEA and CA19-9 with scores of the mRNA screening
system were 0.072 and 0.14, respectively, with P-values of .308 and
.048, respectively. These results indicate no correlation between
CEA and the mRNA screening system, and very weak correlation be-
tween CA19-9 and the mRNA screening system (Figure 2).

Regarding disease stages, the blood mRNA screening system
showed a sensitivity of 78.6% for stages | and Il, and a similar value
of 71.8% for stages Ill and IV (Table 6).

3.4 | Clinical characteristics and blood mRNA
screening system

In terms of clinical parameters and sum-values of the blood mRNA
screening system, we applied correlation analyses for continuous
data (age, height, and body weight) and t tests for category data
(gender, body weight loss of more than 5 kg over 6 months, smoking,
alcohol drinking, and familial history of PDAC) with sum-values of
the blood mRNA screening system (Table S4). Although the P value
for the age correlation analysis was less than .05, correlation effi-
ciency was weak (0.145). Average values of the sum-values of the
blood mRNA screening system for nonsmoker and current smoker
were significantly different (P = .047), but both values were less than
zero. Although the sum-value of past drinker was significantly higher
than those of nondrinker and current drinker (P =.045 and P = .043,
respectively), the sum-value for the current drinker was not higher
than current drinker or nondrinker.

4 | DISCUSSION

In this study, we developed a blood mRNA PDAC screening system
measuring the expression of 56 genes in whole blood by RTD-PCR,

followed by weighted linear summation. We undertook a multi-
center clinical study to validate the performance of this blood mRNA
screening system for PDAC detection, by gene expression analysis
using RTD-PCR. This system showed that sensitivity was 73.6% and
the specificity for healthy subjects was 64.7%.

The principle of this system is unique, being based on changes
in gene expression in the peripheral blood.®”1%1 Previously, we re-
ported that PDAC is related to inflammatory changes in local tumor
tissue, as well in peripheral blood.”*® Therefore, we assumed that
alterations in the gene expression profile in the peripheral blood of
PDAC patients would be associated with systemic inflammatory re-
sponses of the host. Based on this principle, we selected genes that
showed differences in expression between the whole blood from
PDAC patients and noncancer subjects.

The prognosis of PDAC is extremely poor due to in part to dif-
ficulty of diagnosis in the early stages.}? At present, there is no
definitive screening method for PDAC, and various methods are
used clinically, including ultrasonography and computed tomog-
raphy, for imaging-based diagnosis and determination of tumor
markers in blood.'® With regard to blood test tumor markers,
CA19-9,* Span-1,'> CA50, CA242, DUPAN-2, and TAG-72%18 are
categorized as glucose-chain antigens; CEA is an embryonic anti-
gen19 that is typically present in high levels in PDAC, although not
in all cases. In addition to these conventional tumor markers, a
new approach has been developed using excreted small particles,
called exosomes; these are believed to include molecules spe-
cific for cancers,?° although the analysis methods are still under
development.

As diagnosis of PDAC in the early stages is extremely rare,
there are insufficient data regarding the performance of the
MRNA screening system for early-stage PDAC. The PDAC pa-
tients in this study were mainly in advanced stages (ie, Ill or 1V);
only 14 patients were in stage | or Il. The sensitivity of the mRNA
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TABLE 2 Clinical characteristics of study subjects to assess the blood mMRNA screening system for pancreatic ductal adenocarcinoma

(PDAC)
PDAC Chronic pancreatitis IPMN Noncancer
Objective number 53 22 23 102
Age (y)
Average 69.6 61.7 67.7 63.4
SD 10.7 10.8 8.2 11.4
Number 53 22 23 102
Wilcoxon Ref P =.008 P=.399 P =.003
signed-rank test
= Ref P=.031 P=.484
= = Ref P=.122
Gender
Male 26 (49.1%) 19 (86.4%) 11 (47.8%) 69 (67.6%)
Female 27 (50.0%) 3(13.6%) 12 (52.2%) 33(32.4%)
Fisher’s exact test Ref P =.004 P =1.000 P=.036
= Ref P=.011 P=.119
= = Ref P=.093
Height (cm)
Average 159.63 167.93 159.82 162.99
SD 8.63 5.50 8.08 9.31
N 52 21 22 94
Wilcoxon Ref P <.001 pP=.717 P=.027
signed-rank test
= Ref P =.002 P=.015
— — Ref P=.156
Body weight (kg)
Average 54.18 59.11 57.90 61.61
SD 12.26 10.18 9.59 11.49
N 51 21 22 95
Wilcoxon Ref 0.132 P=.146 P <.001
signed-rank test
= Ref P=.884 P =.287
= = Ref P=.203
BW loss >5 kg over 6 months
No (N) 29 16 12 75
Yes (N) 10 1 0 1
Fisher’s exact test Ref P=.144 P=.092 P<.001
= Ref P=1.000 P=.334
= = Ref P=1.000
Body mass index
Average 21.04 20.94 22.55 23.09
SD 3.34 3.45 2.72 3.27
N 51 21 22 93
Wilcoxon Ref pP=.536 P=.100 p=.002
signed-rank test
- Ref P=.037 P =.004
— — Ref P =0.477
Smoking
Nonsmoker 31 (58.5%) 6(27.3%) 9 (39.1%) 63 (61.8%)

(Continues)



SAKAI ET AL. = 1385
Cancer Science gi4is%
TABLE 2 (Continued)
PDAC Chronic pancreatitis IPMN Noncancer
Past smoker 13 (24.5%) 5(22.7%) 8(34.8%) 22 (21.6%)
Current smoker 6(11.3%) 8 (36.4%) 2(8.7%) 12 (11.8%)
Fisher’s exact test Ref P=.020 P=.419 P=.933
- Ref P=.119 P =.005
- - Ref P=.226
Alcohol drinking
Nondrinker 33 (62.3%) 6 (27.3%) 6(26.1%) 42 (41.2%)
Past drinker 3(5.7%) 4(18.2%) 0(0.0%) 4 (3.9%)
Current drinker 17 (32.1%) 9 (40.9%) 13 (56.5%) 49 (48.0%)
Fisher’s exact test Ref P=.032 P=.027 P=.055
- Ref P=.144 P=.051
- - Ref P=.398
Familial history of PDAC
No 24 (45.3%) 14 (63.6%) 14 (60.9%) 67 (65.7%)
Yes 3(5.7%) 0 (0.0%) 1(4.3%) 3(2.9%)
Unknown 26 (49.1%) 8 (36.4%) 8 (34.8%) 32 (31.4%)
Fisher’s exact test Ref P=.539 P=1.000 P=.344
- Ref P=1.000 P=1.000
- - Ref P=.547

—, not applicable; BW, body weight; IPMN, intraductal papillary mucinous neoplasm; Ref, reference.

TABLE 3 Senstivity and specificity of blood mRNA screening system for pancreatic ductal adenocarcinoma (PDAC)

PDAC Chronic pancreatitis IPMN Noncancer

Objective number 53 22 23 102
mMRNA system result

Positive 39 (73.6%) 8(36.4%) 12 (52.2%) 36 (35.3%)

Negative 14 (26.4%) 14 (63.6%) 11 (47.8%) 66 (64.7%)
Sensitivity

Point estimation 73.6% 0(0.0%) 0(0.0%) 0 (0.0%)

95% Cl 59.7%-84.7% — — —
Specificity

Point estimation - 63.6% 47.8% 64.7%

95% Cl =

40.7%-82.8%

26.8%-69.4% 54.6%-73.9%

—, not applicable; Cl, confidence interval; IPMN, intraductal papillary mucinous neoplasm.

screening system for these PDAC patients was 78.6%, illustrating
the potential benefit of this system for early detection of PDAC.
We previously disclosed that PDAC local tissues were associated
with inflammation, even if they were still small.” Thus, the high
sensitivity of the mRNA screening system, capable of detecting
PDAC in early stages, might be an important beneficial feature,
one that has proven difficult using other conventional tumor
marker systems. Based on this previous study, the principle of the
mRNA screening system relies on gene expression alteration of
peripheral blood cells affected by development of PDAC. This is
the feature that distinguishes the system from conventional tumor

markers (ie, CEA and CA19-9), which are produced by cancer tis-
sues. In this context, the novel mRNA system would be a useful
screening method as the examination involves a blood test, which
can be undertaken without the need for specific medical devices
and is minimally invasive.

The establishment of a PDAC screening algorithm requires
further development, including the novel blood mRNA screening
system described herein, along with other tumor markers and di-
agnostic imaging tools.?! Although ultrasonography is noninvasive,
it cannot be used to determine dilatation of the pancreatic duct or
tumorous lesions in the pancreas; therefore, patients also require
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TABLE 4 Senstivity and specificity of carcinoembryonic antigen (CEA) for pancreatic ductal adenocarcinoma (PDAC)

Objective number
Result

Positive

Negative
Sensitivity

Point estimation

95% ClI
Specificity

Point estimation

95% ClI

PDAC
53

22 (41.5%)
31 (58.5%)

41.5%
28.1%-55.9%

Chronic pancreatitis

22

9 (40.9%)
13 (59.1%)

59.1%
36.4%-79.3%

—, not applicable; Cl, confidence interval; IPMN, intraductal papillary mucinous neoplasm.

IPMN Noncancer
23 102
2(8.7%) 4 (3.9%)
21(91.3%) 98 (96.1%)
91.3% 96.1%

72.0%-98.9% 90.3%-98.9%

TABLE 5 Senstivity and specificity of cancer antigen (CA)19-9 for pancreatic ductal adenocarcinoma (PDAC)

Objective number
Result

Positive

Negative
Sensitivity

Point estimation

95% ClI
Specificity

Point estimation

95% ClI

PDAC
53

38(71.7%)
15 (28.3%)

71.7%
57.7%-83.2%

Chronic pancreatitis

22

2(9.1%)
20 (90.9%)

90.9%
70.8%-98.9%

—, not applicable; Cl, confidence interval; IPMN, intraductal papillary mucinous neoplasm.

(A)
10 000 -
1000 ~

-

£
2 100+

<

1}

()

(B8)

100 000 +

10 000 -

CA19-9 (U/mL)

1000

Sum-value of the blood mRNA screening system

1000 -

100

37 |-
04

IPMN Noncancer
23 102

2 (8.7%) 3(2.9%)
21 (91.3%) 99 (97.1%)
91.3% 97.1%

72.0%-98.9% 91.6%-99.4%

° ....
o ‘8

—1000 -

Sume-value of the blood mRNA screening system

FIGURE 2 Scatter plots of carcinoembryonic antigen (CEA), cancer antigen (CA)19-9, and sum-values of blood mRNA screening system
for pancreatic ductular adenocarcinoma. Serum concentration values of CEA (A) and serum unit values of CA19-9 (B) with sum-values of the
blood mRNA screening system of 53 patients with pancreatic ductular adenocarcinoma (filled circle), 23 with intraductal papillary mucinous
neoplasm (open triangle), 22 with chronic pancreatitis (open diamond), and 102 noncancer subjects (open square). The interval of y-axis and
x-axis values is expressed in logarithmic scale. Solid line indicates regression lines, dashed line indicates the cut-off value for tumor markers

(A, B). R? values are 0.021 (A) and 0.08 (B)
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TABLE 6 Sensitivity of mRNA screening system for pancreatic
ductal adenocarcinoma (PDAC) staging

Stage
1L 1, 1Iv
Number 14 39
Positive by mRNA screening 11 28
system
Sensitivity (%) 78.6 71.8

endoscopy,?? computed tomography, and MRI examinations.?® As
discussed above, conventional tumor markers are not sufficient for
screening for PDAC in the early stages, which could allow the dis-
ease to be cured by surgery.

The genes included in this system were selected biostatistically,
based on changes in their expression levels in the whole blood of
PDAC patients forming a different cohort from that of the clinical
study. The mechanisms by which these genes are affected in PDAC
are intriguing; some genes are involved in immunological processes,
consistent with the previous finding that PDAC is associated with
both local and systemic immune reactions.” Further investigations
to determine the biological significance of these genes will provide
insight into the immunopathological features of PDAC, leading to
further development of diagnostic tools as well as immunological
treatments for the disease.

In conclusion, we developed a novel in vitro diagnostic system
based on assessment of the host immune response to PDAC. As it
remains unclear how this novel system should best be used as an ad-
junct to conventional PDAC diagnostic or screening systems, further
investigations to improve the PDAC screening algorithm, including
our novel screening system, should be undertaken to improve the
prognosis of PDAC patients by diagnosis in the early stages of dis-

ease progression.

ACKNOWLEDGMENTS

We thank all staff in the participating institutions involved in registra-
tion of the patients and noncancer subjects to the clinical study assess-
ing the performance of the mRNA blood screening system. This study
was supported in part by the Japan Ministry of Health, Labour, and
Welfare, the Japan Agency for Medical Research and Development,
and Kanazawa University Hospital. We also acknowledge the follow-
ing members of the Hokuriku Liver Study Group: Kanazawa University
Hospital; Department of Gastroenterology, Toyama Prefectural Central
Hospital; Department of Internal Medicine, Toyama Municipal Hospital;
Departmentof Gastroenterology, TonamiGeneral Hospital; Department
of Gastroenterology, National Hospital Organization Kanazawa
Medical Center; Department of Gastroenterology, Ishikawa-ken
Saiseikai Kanazawa Hospital; Department of Gastroenterology, Public
Central Hospital of Matto Ishikawa; Department of Gastroenterology,
Fukui-ken Saiseikai Hospital; Department of Internal Medicine, Tsuruga
Municipal Hospital; Department of Gastroenterology, Keijyu General

Cancer Science BuIia o=

Hospital; Department of Internal Medicine, Kurobe Municipal Hospital;
Department of Gastroenterology, Noto General Hospital; Department
of Gastroenterology, Ushitsu General Hospital; Tsurugi Hospital, Hakui
General Hospital; Department of Internal Medicine, Tsubata-town
Kahoku Central Hospital; Department of Internal Medicine, Kanazawa
Municipal Hospital; Department of Gastroenterology, Kanazawa Red
Cross Hospital; Department of Gastroenterology, Nomi Municipal
Hospital; Department of Internal Medicine, Hokkoku Clinice, Komatsu-
Sofia Hospital; Department of Gastroenterology, Yawata Medical
Center; Department of Gastroenterology, Fukui Prefectural Hospital;
and Department of Gastroenterology, Kumagai Clinic. We also thank

Ms. Shizuko Takahara and Ms. Ka U for data management assistance.

DISCLOSURE STATEMENT

This work was financially supported in part by KUBIX Inc., and was

assessed by our institutional review board.

ORCID

Yoshio Sakai https://orcid.org/0000-0003-0377-6130

Alessandro Nasti https://orcid.org/0000-0003-2550-2317

Takeshi Terashima https://orcid.org/0000-0002-1052-0101

REFERENCES

1. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M. Pancreatic
cancer. Lancet. 2011;378:607-620.

2. Matsuda T, Ajiki W, Marugame T, et al. Population-based survival
of cancer patients diagnosed between 1993 and 1999 in Japan: a
chronological and international comparative study. Jpn J Clin Oncol.
2011;41:40-51.

3. Buchler MW, Kleeff J, Friess H. Surgical treatment of pancreatic
cancer. J Am Coll Surg. 2007;205:581-586.

4. Paulson AS, Tran CH, Tempero MA, Lowy AM. Therapeutic ad-
vances in pancreatic cancer. Gastroenterology. 2013;144:
1316-1326.

5. Reni M, Cordio S, Milandri C, et al. Gemcitabine versus cisplatin,
epirubicin, fluorouracil, and gemcitabine in advanced pancreatic
cancer: a randomised controlled multicentre phase Ill trial. Lancet
Oncol. 2005;6:369-376.

6. Honda M, Sakai Y, Yamashita T, et al. Differential gene expression
profiling in blood from patients with digestive system cancers.
Biochem Biophys Res Commun. 2010;400:7-15.

7. Komura T, Sakai Y, Harada K, et al. Inflammatory features of pan-
creatic cancer highlighted by monocytes/macrophages and CD4* T
cells with clinical impact. Cancer Sci. 2015;106:672-686.

8. Youn E, Koenig L, Jeong MK, Baek SH. Support vector-based fea-
ture selection using Fisher's linear discriminant and Support Vector
Machine. Expert Syst Appl. 2010;37:6148-6156.

9. Breiman L. Random forests. Mach Learn. 2001;45:5-32.

10. Komura T, Takabatake H, Harada K, et al. Clinical features of cysta-
tin A expression in patients with pancreatic ductal adenocarcinoma.
Cancer Sci. 2017;108:2122-2129.

11. Sakai Y, Honda M, Fujinaga H, et al. Common transcriptional sig-
nature of tumor-infiltrating mononuclear inflammatory cells and
peripheral blood mononuclear cells in hepatocellular carcinoma pa-
tients. Cancer Res. 2008;68:10267-10279.


https://orcid.org/0000-0003-0377-6130
https://orcid.org/0000-0003-0377-6130
https://orcid.org/0000-0003-2550-2317
https://orcid.org/0000-0003-2550-2317
https://orcid.org/0000-0002-1052-0101
https://orcid.org/0000-0002-1052-0101

1388 B
S RRWITSE Cancer Science

12.
13.

14.
15.
16.
17.
18.
19.

20.

SAKAIET AL.

Kamisawa T, Wood LD, Itoi T, Takaori K. Pancreatic cancer. Lancet.
2016;388:73-85.

Kanno A, Masamune A, Hanada K, et al. Multicenter study of early
pancreatic cancer in Japan. Pancreatology. 2018;18:61-67.
Koprowski H, Steplewski Z, Mitchell K, Herlyn M, Herlyn D, Fuhrer
P. Colorectal carcinoma antigens detected by hybridoma antibod-
ies. Somatic Cell Genet. 1979;5:957-971.

Kiriyama S, Hayakawa T, Kondo T, et al. Usefulness of a new tumor
marker, Span-1, for the diagnosis of pancreatic cancer. Cancer.
1990;65:1557-1561.

Kawa S, Tokoo M, Hasebe O, et al. Comparative study of CA242
and CA19-9 for the diagnosis of pancreatic cancer. Br J Cancer.
1994,;70:481-486.

Takeda S, Nakao A, Ichihara T, et al. Serum concentration and immuno-
histochemical localization of SPan-1 antigen in pancreatic cancer. A com-
parison with CA19-9 antigen. Hepatogastroenterology. 1991;38:143-148.
Haglund C, Kuusela P, Jalanko H, Roberts PJ. Serum CA 50 as a
tumor marker in pancreatic cancer: a comparison with CA 19-9. Int
J Cancer. 1987;39:477-481.

Meng Q, Shi S, Liang C, et al. Diagnostic and prognostic value of
carcinoembryonic antigen in pancreatic cancer: a systematic review
and meta-analysis. Onco Targets Ther. 2017;10:4591-4598.

Kadota T, Yoshioka Y, Fujita Y, Kuwano K, Ochiya T. Extracellular
vesicles in lung cancer-From bench to bedside. Semin Cell Dev Biol.
2017;67:39-47.

21.

22.

23.

McAllister F, Montiel MF, Uberoi GS, Uberoi AS, Maitra A, Bhutani
MS. Current status and future directions for screening patients
at high risk for pancreatic cancer. Gastroenterol Hepatol (N Y).
2017;13:268-275.

Larghi A, Verna EC, Lecca PG, Costamagna G. Screening for pancre-
atic cancer in high-risk individuals: a call for endoscopic ultrasound.
Clin Cancer Res. 2009;15:1907-1914.

Tummala P, Junaidi O, Agarwal B. Imaging of pancreatic cancer: an
overview. J Gastrointest Oncol. 2011;2:168-174.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of the article.

How to cite this article: Sakai Y, Honda M, Matsui S, et al.
Hokuriku Liver Study Group. Development of novel
diagnostic system for pancreatic cancer, including early
stages, measuring mRNA of whole blood cells. Cancer Sci.
2019;110:1364-1388. https://doi.org/10.1111/cas.13971



https://doi.org/10.1111/cas.13971

