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Abstract: Early detection of pancreatic ductal adenocarcinoma (PDAC) in the general population
is difficult due to unknown clinical characteristics. This study was conducted to clarify the factors
associated with early stage PDAC. Well-known symptoms and factors associated with PDAC were
classified into clinical indicators, risk factors, and imaging findings concomitant with early stage
PDAC. To analyze these factors for the detection of patients with early stage PDAC compared to
patients without PDAC, we constructed new diagnostic strategies. The factors of 35 patients with
early stage PDAC (stage 0 and IA) and 801 patients without PDAC were compared retrospectively.
Clinical indicators; presence and number of indicators, elevated pancreatic enzyme level, tumor
biomarker level, acute pancreatitis history, risk factors; familial pancreatic cancer, diabetes mellitus,
smoking history, imaging findings; presence and number of findings, and main pancreatic duct
dilation were significant factors for early stage PDAC detection. A new screening strategy to select
patients who should be examined by imaging modalities from evaluating clinical indicators and risk
factors and approaching a definitive diagnosis by evaluating imaging findings had a relatively high
sensitivity, specificity, and areas under the curve of 80.0%, 80.8%, and 0.80, respectively. Diagnosis
based on the new category and strategy may be reasonable for early stage PDAC detection.

Keywords: early diagnosis; high-grade pancreatic intraepithelial neoplasia; pancreatic cancer;
pancreatic cancer in situ; pancreatic ductal adenocarcinoma; risk factor; screening; symptom

1. Introduction

Although pancreatic ductal adenocarcinoma (PDAC) has a poor prognosis with a
5 year overall survival rate of <10% [1], those of Union for International Cancer Control
(UICC) stages 0 and IA PDAC are relatively high, at 85.8% and 68.7%, respectively [2].
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Therefore, stages 0 and IA PDACs are ideal targets for early stage PDAC detection [3,4].
However, patients with UICC stages 0 and IA PDAC account for only 1.7% and 4.1%
of overall patients with PDAC, respectively [2]. Screening for PDAC in the general
population is not recommended because of the low incidence of PDAC (approximately
0.013% per year) [5–7]. Therefore, surveillance efforts for PDAC in asymptomatic high-risk
patients with PDAC-associated gene mutations or familial pancreatic cancer are gradually
increasing worldwide [8,9]. However, only 10% or less patients with PDAC have familial
risks or inherited genetic syndromes, and the diagnostic rate based on surveillance is not
high for early stage PDAC [10]. For early stage PDAC detection, systematic screening of
the general population is needed.

The Japanese Pancreas Society recommends a wide and comprehensive screening
for individuals with clinical symptoms and risk factors, including familial risks associ-
ated with PDAC, and these factors can be determined using general questionnaires and
blood tests [11,12]. However, imaging findings are only clarified when various imag-
ing examinations are performed. In addition, only approximately 30% of early stage
PDAC is undetectable as a tumor using various imaging modalities [4,13–15]. Therefore,
indirect imaging findings, such as main pancreatic duct (MPD) dilation or pancreatic
cysts, including intraductal mucinous cystic neoplasm (IPMN), are important diagnostic
signs [13,14,16–18]. Realistically, examining all individuals for factors associated with
PDAC in detail is difficult, and not all of them can be examined by imaging modalities. In
addition, only 25% of patients with early stage PDAC show any clinical symptoms [15],
and selection of individuals who should be screened for multiple factors is needed. This
study aimed to classify well-known clinical symptoms, risk factors, and indirect imaging
findings associated with PDAC to establish a new screening strategy for detecting early
stage PDAC in daily outpatients.

2. Materials and Methods
2.1. Eligibility Criteria

Between December 2014 and July 2019, patients with UICC stages 0 and IA PDAC
(invasive PDAC with tumor diameter ≤20 mm localized within the pancreas, without
regional lymph nodes and distant metastasis) that were histopathologically diagnosed
from surgically resected specimens at eight participating institutions were included. In this
study, UICC stage 0 PDAC included only high-grade pancreatic intraepithelial neoplasm
(PanIN)-3 [2,19,20], and were defined as early stage PDAC. Patients with high-grade IPMN,
invasive cancer derived from IPMN, and recurrent PDAC were excluded. During the same
period, patients in whom PDAC and other malignancies were completely ruled out by
endoscopic ultrasound (EUS) with detailed preoperative questionnaires and blood tests
were defined as patients without PDAC. Even when patients’ pancreatic tumors were
suspected to be PDAC, they were also enrolled in the group without PDAC when the lesion
was histologically diagnosed to be non-malignant by EUS-guided fine needle aspiration
biopsy. In addition, this suggests a benign condition, when its form did not change in
various imaging modalities over a 2 year period.

The protocol of this retrospective multicenter study was approved by the institutional
review board (IRB no. 019002 K), and the need for informed consent was waived because
of the retrospective nature of this study.

2.2. Clinical Indicators, Risk Factors, and Imaging Findings Associated with Pancreatic Ductal
Adenocarcinoma (PDAC)

In this study, clinical symptoms concomitant with PDAC and factors associated with
PDAC were classified into three categories. First, factors that can be identified from general
questionnaires and blood tests in clinical practice were classified as “clinical indicators” and
“risk factors”. Clinical indicators included clinical symptoms, medical histories, or changes
in blood test results that may be caused by the onset of PDAC. Clinical indicators are the
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first clue to suspecting the existence of PDAC. Risk factors included medical histories or
preferences that may be the cause of PDAC onset.

Second, the imaging findings mainly by EUS were also evaluated. However, early
stage PDAC is often undetectable as a tumor. Therefore, “imaging finding” was defined as
the tumor itself and an important indirect imaging finding for detecting early stage PDAC
using various imaging modalities, including EUS.

On the one hand, clinical indicators included abdominal pain, nausea, back pain,
weight loss, jaundice, new-onset or worsening type 2 diabetes mellitus (DM), elevated
pancreatic enzyme (amylase) level, elevated tumor biomarker (carbohydrate antigen 19-9
(CA19-9), carcinoembryonic antigen (CEA)) levels, and medical history of acute pancreati-
tis [5,11,21–23]. On the other hand, risk factors included sporadic family history of pancre-
atic cancer, familial pancreatic cancer, hereditary pancreatic cancer syndrome/hereditary
pancreatitis, DM, chronic pancreatitis, heavy alcohol consumption, smoking history, and
obesity [5,21–24]. Imaging findings included the tumor itself and indirect imaging findings
(MPD dilation, pancreatic cyst, and IPMN) [11,14,16,17,25–29].

These factors have been suggested as suggestive of early stage PDAC detection in
many guidelines and reviews [5,11,14,21,22,24]. These three new categories and previously
reported percentage of each factor in patients with stage 0–I PDAC is shown in Figure 1
and Table 1 [15,26].
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Figure 1. Newly classified factors associated with early stage PDAC detection: clinical indicators,
risk factors, and indirect imaging findings. Well-known factors associated with PDAC were newly
classified into three categories: clinical indicators (may be caused by PDAC onset), risk factors (may
be the cause of PDAC onset), and imaging findings are concomitant with early PDAC. DM, diabetes
mellitus; IPMN, intraductal papillary mucinous neoplasm; PDAC, pancreatic ductal adenocarcinoma.
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Table 1. Classification of and each rate of factors associated with PDAC detection: clinical indicators,
risk factors, and indirect imaging findings.

Stage 0–I PDAC Cases (%)

Clinical indicators

Stomach symptoms or back pain 22.9–24.5
Weight loss 3.1

Jaundice 0.5–1.0
New-onset or worsening DM 11.5

Elevated pancreatic enzyme level 5.8–48.9
Elevated tumor biomarker level 3.9–26.6

Acute pancreatitis history 6.5

Risk factors

Sporadic family history 2.4–4.5
Familial pancreatic cancer 0

Hereditary pancreatic cancer
syndrome/pancreatitis 0

DM 27.1–32.0
Chronic pancreatitis 7.4–15.0

Heavy alcohol consumption 13.0–25.5
Smoking history 30.5–31.0

Obesity 3.1–6.5

Imaging findings
Tumor 51.5–76.3

MPD dilation 77.2–88.4
Pancreatic cyst/IPMN 26.0–38.0

DM, diabetes mellitus; IPMN, intraductal papillary mucinous neoplasm; MPD, main pancreatic duct; PDAC,
pancreatic ductal adenocarcinoma.

In each category, each factor, the presence or absence of factors, and the number of
factors were evaluated.

2.3. Study Outcomes

The primary endpoint was the usefulness of clinical indicators, risk factors (question-
naires and blood tests), and imaging findings for the detection of patients with early stage
PDAC compared to patients without PDAC. The secondary endpoint was a new strategy
established for the selection of individuals who should be screened by imaging modalities
for detecting early stage PDAC and to evaluate the diagnostic reliability of the new strategy.

2.4. Statistical Analyses

Individual factors in the three categories, and presence and number of each of the three
categories were compared between patients with early stage PDAC and patients without
PDAC. Continuous variables are expressed as mean ± standard deviation because they are
normally distributed. Categorical data were compared using the chi-squared test or Fisher’s
exact test. Logistic regression analyses were performed on covariates that could potentially
influence the detection of patients with early stage PDAC. Factors that were significant
in the univariate analysis were included in the multivariate logistic regression analyses
to clarify the most significant factor for the diagnosis of patients with early stage PDAC.
Statistical significance was set at p < 0.05. Sensitivity and specificity were evaluated using
two-way contingency tables and receiver operating characteristic curves. The area under
the curve (AUC) was calculated using a 95% confidence interval (CI). All data analyses
were performed using the Statistical Package for the Social Sciences (version 28.0; IBM
Corp, Armonk, NY, USA).

3. Results

Overall, 35 patients with early stage PDAC, including 6 with stage 0 PDAC and 29 with
stage IA PDAC, and 801 patients without PDAC were included in this study. All early stage
PDACs were detected as mass lesions or on the basis of indirect imaging findings (MPD
dilation and pancreatic cyst) by EUS and surgical resection. The median histopathological
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tumor diameter of stage IA PDAC was 13 (range, 3–18) mm, and PDACs were located in
the head and body-tail in 34% and 66% of patients, respectively.

A comparison of each factor in patients with early stage PDAC and those without
PDAC is shown in Table 2.

Table 2. Significant factors in the three categories for the diagnosis of patients with early stage PDAC.

Early Stage PDAC
(n = 35)

Without PDAC
(n = 801) p-Value

Mean age ± SD, y 69.7 ± 9.9 67.2 ± 12.5 0.251

Male sex, n (%) 14 (40.0) 465 (58.1) 0.038

Clinical indicators,
n (%)

Stomach symptoms or back pain 10 (28.6) 230 (28.7) 0.985
Weight loss 3 (8.6) 130 (16.2) 0.235

Jaundice 1 (2.9) 9 (1.1) 0.373
New-onset or worsening DM 7 (20.0) 87 (10.1) 0.100

Elevated pancreatic enzyme level 13 (37.1) 102 (12.7) <0.001 *
Elevated tumor biomarker level 12 (34.3) 110 (13.7) 0.001 *

Acute pancreatitis history 6 (17.1) 23 (2.9) <0.001 *
Presence of clinical indicator 29 (82.9) 478 (59.7) 0.009 *

Number of clinical indicators ± SD 1.5 ± 1.0 0.9 ± 0.9 <0.001 *

Risk factors, n (%)

Sporadic family history 1 (2.9) 102 (12.7) 0.116
Familial pancreatic cancer 2 (5.7) 6 (0.7) 0.013 *

Hereditary pancreatic cancer
syndrome/pancreatitis 1 (2.9) 0 (0) 1.000

DM 16 (45.7) 236 (29.5) 0.044 *
Chronic pancreatitis 1 (2.9) 22 (2.7) 0.969

Heavy alcohol consumption 7 (20.0) 245 (30.6) 0.187
Smoking history 18 (51.4) 186 (23.2) <0.001 *

Obesity 4 (11.4) 195 (24.3) 0.089
Presence of risk factor 26 (74.3) 550 (68.7) 0.483

Number of risk factors ± SD 1.4 ± 1.0 1.2 ± 1.1 0.316

Imaging findings, n
(%)

Tumor 30 (85.7) 10 (1.2) <0.001 *
MPD dilation 28 (80.0) 108 (13.5) <0.001 *

Pancreatic cyst/IPMN 16 (45.7) 301 (37.6) 0.333
Presence of imaging finding 35 (100) 378 (47.2) <0.001 *

Number of imaging findings ± SD 2.1 ± 0.7 0.5 ± 0.6 <0.001 *

All factors, n (%)
Presence of all factors 35 (100) 754 (94.1) 0.998

Number of all factors ± SD 5.0 ± 1.9 2.6 ± 1.6 0.363

* p < 0.05, compared to patients with small PDAC and without PDAC. DM, diabetes mellitus; IPMN, intraductal
papillary mucinous neoplasm; MPD, main pancreatic duct; PDAC, pancreatic ductal adenocarcinoma; SD,
standard deviation.

In clinical indicators, individual factors, such as elevated pancreatic enzyme level,
elevated tumor biomarker level, acute pancreatitis history, and the presence and number
of these indicators, were significantly associated with the diagnosis of patients with early
stage PDAC compared to patients without PDAC (p = <0.001, 0.001, <0.001, 0.009, and
<0.001, respectively). The presence and number of risk factors were not identified as
significant factors; however, individual factors such as familial pancreatic cancer, DM, and
smoking history were significant factors (p = 0.013, 0.044, and <0.001, respectively) in the
detection of early stage PDAC. In multivariate logistic regression analysis of significant
clinical indicators and risk factors, elevated pancreatic enzyme level, acute pancreatitis
history, familial history of pancreatic cancer, and smoking history were proven to be the
most significant factors in the detection of early stage PDAC (p = 0.002, 0.001, 0.043, and
0.011, respectively) (Table 3).
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Table 3. Most significant factors in clinical indicators and risk factors: factors obtained from easy
questionnaires and blood test.

OR 95% CI p-Value

Clinical indicators, n (%)
Elevated pancreatic enzyme level 4.8 1.8–12.5 0.002 *

Acute pancreatitis history 6.9 2.1–22.0 0.001 *

Risk factors, n (%)
Familial pancreatic cancer 6.4 1.1–39.0 0.043 *

Smoking history 2.6 1.2–5.6 0.011 *

* p < 0.05, compared to patients with small PDAC and without PDAC. CI, confidence interval; DM, diabetes
mellitus; OR, odds ratio.

In imaging findings, tumor, MPD dilation, and presence and number of imaging
findings were significant factors (p <0.001, <0.001, <0.001, and <0.001, respectively) (Table 2).

The presence, number, and specific individual factors of clinical indicators (elevated
pancreatic enzyme level, tumor biomarker level, and acute pancreatitis history) were
significantly associated with the detection of early stage PDAC. Although the presence
and number of risk factors were not significant, three significant risk factors—familial
pancreatic cancer, DM, and smoking history—were. Considering these results and recent
consensus, we find that imaging examination may be strongly recommended in individuals
with two or more clinical indicators (according to the level of significance of the number of
clinical indicators), one significant indicator, or one clinical indicator with one significant
risk factor. Imaging examination can also be strongly recommended for patients with no
clinical indicators but with one significant risk factor of familial pancreatic cancer. However,
not all the patients with smoking history or DM who had no clinical indicator should be
screened. Therefore, imaging examination may also be partially recommended for patients
with no clinical indicators but with one significant risk factor of DM or a smoking history.
Imaging examinations can be recommended for patients with one significant indicator,
without significant risk factors.

As shown in Figure 2, determining whether imaging evaluation is necessary to evalu-
ate clinical indicators and risk factors is recommended.

In these selected patients examined by imaging modality, the diagnostic reliability
of early stage PDAC detection was elevated. When all the patients for whom imaging
evaluation were strongly recommended according to the strategy were examined, the
sensitivity, specificity, and AUC for early stage PDAC detection were 80.0%, 53.3%, and
0.67 (95% CI, 0.58–0.75), respectively. In addition, when the patients for whom imaging
evaluations were strongly recommended according to the strategy had one or more imag-
ing findings, the sensitivity, specificity, and AUC were 80.0%, 80.8%, and 0.80 (95% CI,
0.73–0.88), respectively.
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Figure 2. Newly constructed step-by-step diagnostic strategy for early stage PDAC evaluating clinical
indicators, risk factors, and indirect imaging findings in outpatients. Considering the significant
factors for early stage PDAC detection, we found that imaging examination can be strongly rec-
ommended in individuals with two or more clinical indicators, one significant indicator, or one
clinical indicator with one significant risk factor. For patients with no clinical indicators but with
one significant risk factor of familial pancreatic cancer, imaging examination may also be strongly
recommended. DM, diabetes mellitus; IPMN, intraductal papillary mucinous neoplasm; MPD, main
pancreatic duct; PDAC, pancreatic ductal adenocarcinoma.

4. Discussion
4.1. Diagnostic Strategy for Early Stage PDAC Detection in Outpatients

In this study, many factors associated with PDAC were newly classified into three cate-
gories, namely, clinical indicators, risk factors, and imaging findings, to compare the factors
of patients with early stage PDAC and without PDAC. In the daily outpatient clinic, most
patients complain of any symptoms or changes in medical conditions, including clinical
indicators. In this analysis, the effect of the presence and number of clinical indicators (es-
pecially elevated pancreatic enzyme level and tumor biomarker level and acute pancreatitis
history were significant) were clarified. Although the presence and number of risk factors
were not significantly associated, three significant risk factors, namely, familial pancreatic
cancer, DM, and smoking history, were identified. The presence and number of imaging
findings were significant factors in the diagnosis of early stage PDAC. Comprehensively,
imaging examination can be strongly recommended in individuals who meet the shown
strategy (Figure 2), and the diagnostic ability was relatively high. In outpatients, patients
selected on the basis of these clinical indicators and risk factors, which can be obtained
easily by questionnaires and blood tests, should undergo imaging examination according
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to this strategy. In addition, patients with tumors and those with indirect imaging findings
should be examined in more detail. Patients with strongly suspicious PDAC lesions are
recommended to be examined using preoperative histopathological diagnostic methods,
such as EUS-guided fine needle aspiration biopsy and pancreatic juice cytology [14,30].

4.2. Evidence of Significant Clinical Indicators, Risk Factors, and Indirect Imaging Findings for PDAC

PDAC typically develops with few symptoms and is often advanced when symp-
toms, such as painless jaundice, are present [31]. Abdominal and back pain, weight loss,
and jaundice occur in 48–82%, 56–80%, and 66–84% of patients with advanced PDAC,
respectively [32]. However, only 25% of patients with early stage PDAC show these symp-
toms [15]. Commonly atypical symptoms, such as weight loss and abdominal pain, might
lead to a delay in diagnosis; therefore, these clinical indicators may be the first reason
to consider early stage PDAC diagnosis. Levels of pancreatic enzymes, such as amylase,
may increase due to pancreatic duct stenosis following PDAC occurrence, and 20–50%
of patients with PDAC show elevated serum pancreatic enzyme level [11]. In contrast,
CEA and CA19-9, common tumor biomarkers used in diagnosing pancreatic cancer, have
sensitivity and specificity for PDAC of 70–90% and 43–91% and 45–60% and 75–99%, re-
spectively [32–34]. Using the combination of the optimal cutoff value of these markers, the
positive predictive value for the detection of advanced PDAC is 91% [35]. Although only
56% of patients with stage IA show elevated CA19-9 level [36], the usefulness of pancreatic
enzymes and tumor biomarkers in early stage PDAC detection remains controversial.

Acute pancreatitis appearing 2 years before the diagnosis of PDAC is often the result of
tumor-related ductal obstruction; therefore, acute pancreatitis may be a clinical manifesta-
tion of PDAC [5]. A nationwide matched cohort study showed that the 2 year absolute risk
of PDAC among patients with acute pancreatitis is 0.7% (95% CI, 0.6–0.8%). Other studies
have shown that PDAC detection rate after acute pancreatitis history is approximately
1%, with the highest being in the first 2 years [37,38]. In contrast, long-standing chronic
pancreatitis is recognized as a strong risk factor for PDAC, and the lifetime risk of PDAC is
elevated 16.2-fold (95% CI, 12.6–20.7) [39].

Patients with a family history of PDAC have a significantly increased PDAC risk by
1.8-fold (95% CI, 1.5–2.1) [40]. Another study showed that the expected rate of PDAC
is significantly elevated in members of familial pancreatic cancer kindreds (9.0; 95% CI,
4.5–16.1), but not in sporadic pancreatic cancer kindreds (1.8; 95% CI, 0.22–6.4) [41]. Patients
with hereditary pancreatic cancer and pancreatitis syndrome have a stronger risk of PDAC
occurrence [42,43].

Type 2 DM is also closely associated with PDAC; patients with DM have a higher risk
of PDAC occurrence compared with individuals without DM (1.9; 95% CI, 1.7–2.3) [44].
The risk of PDAC increased more significantly when patients newly diagnosed with DM
experienced recent weight loss (6.8; 95% CI, 4.6–10.0) [45]. In addition, patients with a
1 year or less history of DM have the highest risk of PDAC [44]. DM worsening increases
the risk of PDAC in individuals with the highest hemoglobin A1c quartile compared to
those with the lowest (2.0; 95% CI,1.4–2.8) [46]. Although the intricate and multidirectional
relationship between DM and PDAC is yet to be fully understood, new-onset DM and DM
worsening may also be manifestations of PDAC, and long-term DM history may be a risk
factor for PDAC [21,47]. Smoking is also closely associated with PDAC occurrence, and
the risks of PDAC in current and former smokers are significantly higher than those in
non-smokers (1.8; 95% CI, 1.7–1.9 and 1.2, 95% CI, 1.1–1.2, respectively) [48].

Most of the factors mentioned above are mainly analyzed in patients with advanced
PDAC, but the data on early stage PDAC are insufficient [15,26]. In this study, a more
effective method for early stage PDAC detection was considered, and new categories of
clinical indicators and risk factors were compared in patients with and without early stage
PDAC. In addition, a new diagnostic strategy for early stage PDAC detection using these
categories has been developed. Diagnostic ability is drastically increased by evaluating the
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imaging findings. Imaging findings, especially the indirect imaging findings of early stage
PDAC, are important.

Early stage PDAC, especially stage 0 PDAC (high-grade PanIN), is often undetectable
by various imaging modalities as a tumor. In contrast, indirect imaging findings con-
comitant with early stage PDAC are gradually being revealed [14,15]. MPD dilation is a
predictor of PDAC and is often associated with downstream MPD stenosis. The detection
and follow-up of MPD dilation, including high-grade PanIN, are necessary for early stage
PDAC, including high-grade PanIN [14,17,25]. MPD dilation concomitant with early stage
PDAC can be detected in 52–84% of cases [15,16,26,49]. Pancreatic cysts, including retention
cysts and branch-duct IPMN, are also considered a risk factor for PDAC [11,17,27–29], and
long-term follow-up of these cysts contributes to the detection of early stage PDAC [17].
Concomitant PDAC is found in approximately 40% of detected PDAC with branch-duct
IPMN [28,29], and high-grade PanIN is detected in 6.3–19% of resected pancreatic speci-
mens of branch-duct IPMNs [50–52]. These cysts concomitant with early stage PDAC can
be detected in 21–74% of cases [15,16,26,49]. In this study, the presence and number of
imaging findings (especially MPD dilation) played an important role in the diagnosis of
early stage PDAC.

4.3. Future Perspective of Screening for PDAC

Although only asymptomatic patients with PDAC-associated gene mutations or fa-
milial pancreatic cancer are only screened worldwide [8,9], only 10% or less patients with
PDAC have these risks [5], and the diagnostic rate of these surveillance is low for early
stage PDAC [10]. In contrast, some risk prediction models in the general population
were proposed, and they evaluated the multiple risks and symptoms associated with
PDAC, especially new-onset DM, and could detect patients with PDAC with an AUC
of 0.68–0.87 [53–56]. These studies regarding risk prediction models for PDAC remain
unsatisfactory in quality because they do not evaluate early stage PDAC. Whether these
models contribute to early stage PDAC remains unknown.

Recent studies on risk prediction models for early stage PDAC detection have shown
relatively high detection rates. A scoring system detected PDAC ≤ 20 mm with sensitivity,
specificity, and AUC of 100%, 64%, and 0.82, respectively, and the detection rate of small
PDAC was 3.4% [23]. The other scoring system showed a detection rate of 6.1% for stage I
and II PDACs [57]. A large cohort study showed a detection rate of 0.8% for stages 0 and I
in approximately 5000 patients with some risks or symptoms [25]. These studies evaluating
multiple risks and symptoms associated with PDAC could detect early stage PDAC with
relatively high detection rates. However, they did not evaluate separately clinical data
obtained in outpatients (questionnaires and blood sampling), and imaging findings that
require additional radiological interventions.

In that respect, this study has the following strengths. This is the first study evaluating
the clinical characteristics and imaging findings of patients with early stage PDAC, com-
pared to patients without PDAC. The compared data were newly classified into clinical
indicators, risk factors (based on easy questionnaires and blood test), and imaging findings
(requiring radiological intervention). This step-by-step diagnostic strategy based on the
new category showed relatively high diagnostic ability. This strategy may be ideal for
selecting individuals who should be screened and should undergo imaging examination for
early stage PDAC. This study has some limitations. The number of patients with early stage
PDAC and those without PDAC was limited. In addition, since individuals with symptoms
or risk associated with PDAC were screened selectively, there is a possibility of selection
bias in the control group. This was a multi-center study; however, it was performed in a
single prefecture. Considering the racial and regional differences of the screened group,
further confirmation via a nationwide or worldwide prospective comparative multicenter
study under the same conditions and with long-term observation is necessary to improve
the versatility of the data.
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5. Conclusions

The presence and number of clinical indicators, especially elevated pancreatic enzyme
level, tumor biomarker level, and acute pancreatitis history; risk factors for familial pan-
creatic cancer, DM, and smoking history; and the presence and the number of imaging
findings, especially tumor and MPD dilation, were found to be significant factors for the
detection of patients with early stage PDAC compared to patients without PDAC. A newly
constructed step-by-step screening strategy to select patients who should be examined by
imaging modalities from evaluating clinical indicators and risk factors and approaching a
definitive diagnosis by evaluating imaging findings had relatively high diagnostic ability
and may be reasonable for early stage PDAC detection in daily outpatients.
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