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Abstract: Recent advancements in surgical and anti-cancer therapies have provided significant hope
of long survival in patients with pancreatic cancer (PC). To realize this hope, routine medical check-
ups of asymptomatic people should be performed to identify operable PCs. In this study, we eval-
uated the efficacy of medical checkups using abdominal ultrasonography (US). We retrospectively
analyzed 374 patients with PC at our institute between 2010 and 2021. We divided these patients
into several groups according to the diagnostic approach and compared their background and prog-
nosis. These groups comprised PCs diagnosed through (a) symptoms, 242 cases; (b) US during med-
ical checkup for asymptomatic individuals, 17; and other means. Of the 375 patients, 192 were men
(561.3%), and the median age was 74 years (34-105). Tumors were located in the pancreatic tail in 67
patients (17.9%). Excision ratio and 5-year survival rate were significantly better in group (b) than
in (a) (58.8% vs. 23.1%, P<0.01 and 42.2% vs. 9.4%, P<0.001, respectively). The prognosis of patients
diagnosed using US during medical checkup was better than that of patients identified through
symptomatic presentation of PC. US for asymptomatic individuals with PC might be useful for pro-
moting better prognosis of PCs.

Keywords: pancreatic cancer (PC); abdominal ultrasonography (US); surveillance; prognosis; med-
ical checkup; 5-year survival; cancer screening

1. Introduction

Pancreatic cancer (PC) is the worst prognostic cancer, and its 5-year survival rate (5-
SR) is approximately 7.1% and 10% in Japan and the United States, respectively [1,2]. It is
believed that surgical intervention at an early stage improves chances of survival and pro-
long the prognosis of patients with PC [1,2]. To achieve such positive results, there is a
need identify asymptomatic patients with PC. Recently, to ensure early detection of PCs,
attention has been paid to patients with new-onset or rapid worsening of diabetes mellitus
and surveillance for individuals with intraductal papillary mucinous neoplasm (IPMN)
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and family history (FH) of PC [3]. Nevertheless, most patients with PC present with symp-
toms such as jaundice, abdominal pain, appetite loss, etc. These unfortunate results might
be due to the fact that most patients with PC do not come from screening for IPMN and
FH of PC, although these two factors are important indicators of PCs [4-7]. In Japan and
the United States, screening for PC is not currently recommended due to various reasons
[8]. One reason is the report that there is no evidence of cancer screening improving the
disease-specific morbidity or mortality of PC [8]. In this study, we analyzed the prognosis
of patients with PC who were divided into eight groups according to how PC was diag-
nosed and evaluated the usefulness of abdominal ultrasonography (US) during medi-
cal checkups of asymptomatic individuals.

2. Materials and Methods
2.1. Patients

This retrospective study included 374 patients diagnosed with PC between April
2010 and June 2021 at the National Hospital Organization Kure Medical Center and
Chugoku Cancer Center (Kure city, Hiroshima prefecture, Japan). The types of PC we
included in this study were pancreatic ductal adenocarcinoma (PDAC), intraductal papil-
lary mucinous neoplasm (IPMN) with high-grade dysplasia, and IPMN associated with
invasive adenocarcinoma. We excluded patients with neuroendocrine neoplasm, solid
pseudo-papillary neoplasm, acinar cell carcinoma, mucinous cystic neoplasm, and pan-
creatic metastasis from other cancers. This study was performed in accordance with the
Declaration of Helsinki and was approved by our ethics committee (No. 2022-24). Patients
were not required to provide informed consent to the study because the analysis was per-
formed using anonymous clinical data. For disclosure, the details of the study are posted
on some walls in the National Hospital Organization Kure Medical Center and Chugoku
Cancer Center.

2.2. Initial diagnosis and follow-up

The height and body weight of the participants were assessed and any history of
comorbidities (especially, diabetes mellitus), malignancies, alcohol intake or smoking and
FH of PC were recorded. Patients underwent blood tests, abdominal contrast enhanced
computed tomography scans (CE-CT), magnetic resonance cholangiopancreatography
(MRCP), and endoscopic ultrasonography (EUS) during their first visit to our hospital.
Further, they underwent fine-needle aspirations using EUS and/or pancreatic juice cytol-
ogy using endoscopic retrograde pancreatography (ERP). Presently, we use positron
emission tomography (PET) and hepatobiliary magnetic resonance imaging with gadox-
ate disodium for detecting distant metastasis. IPMN-derived carcinoma was differenti-
ated from concomitant PDAC in IPMN based on an assessment of the continuity of the
carcinoma and IPMN using imaging studies or pathological examinations. For diagnosis,
we first used surgical specimens, and imaging studies were used if surgery was not per-
formed. For prognosis, we retrospectively collected data from medical records in our in-
stitute.

2.3. Grouping of patients with pancreatic cancer according to their diagnostic approach

We divided the patients with PC into eight groups according to how PC was diag-
nosed (Figure 1). These groups comprised patients who were diagnosed based on 1.
Symptoms from biliary obstruction (e.g., jaundice), 2. other symptoms (e.g., upper ab-
dominal pain, back pain, appetite loss, weight loss, strong fatigue, and diarrhea), 3. new-
onset or rapid worsening of diabetes mellitus, 4. High serum level of carbohydrate antigen
19-9 (CA19-9), 5. computed tomography, magnetic resonance imaging, or PET examina-
tion for other diseases, 6. Surveillance of IPMN, 7. US during medical checkup of asymp-
tomatic individuals (hereinafter referred to as US medical checkup), and 8. other reasons.
In this analysis, we defined patients in groups 1 or 2 as symptomatic noticed group and
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3-8 as asymptomatic noticed group (Figure 1). Hereinafter, we also refer to patients in
group 7 as the US medical checkup group.

Pancreatic cancer 374
Inclusion: PDAC, IPMN derived carcinoma
Exclusion: NEN, SPN, ACC, MCN, SCN

|

1. Symptoms from biliary 3. New onset or rapid 5. CT, MRI, or PET 7. US during medical
obstruction worsening of diabetes examination for other checkup of asymptomatic
(e.g. jaundice) mellitus diseases individuals
68 22 53 17
2. Symptoms not in group 1. 4. High serum level of 6. Surveillance of 8. Other reasons
(e.g. upper abdominal pain, CA19-9 IPMN 11
16 13

back pain, appetite loss,

weight loss, strong fatigue,

diarrhea) \ /

174 v
l 3. ~ 8. symptomatic noticed group
132

1., 2. symptomatic noticed group
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Figure 1. Patient flow diagram. We collected 374 patients with pancreatic cancers (PCs) including
those with pancreatic ductal adenocarcinoma (PDAC) and intaraductal mucinous papillary neo-
plasm (IPMN) derived carcinoma and excluding those with neuroendocrine neoplasm (NEN), solid
pseudo-papillary neoplasm (SPN), acinar cell carcinoma (ACC), mucinous cystic neoplasm (MCN),
and serous cystic neoplasm (SCN). We divided patients with PC into 8 groups according to how
PC was diagnosed. Patients in group 1 or 2 were defined as the symptomatic noticed group and 3—
8 as the asymptomatic noticed group.

2.4. Evaluations

We analyzed the backgrounds, clinical stages, excision ratio, and prognosis of the
participants and compared the differences between the symptomatic noticed group and
asymptomatic groups and between the symptomatic noticed group and each of the other
groups.

2.5. Predictive factors of operable pancreatic cancers and long-term prognosis in the symptomatic
noticed and the ultrasonography medical checkup group

To further confirm the efficacy of US medical checkup compared to symptom identi-
fication, we performed multivariate analysis of the excision ratio and prognosis of patients
with were diagnosed by symptoms (242 patients) and by US medical checkup (17 pa-
tients), totaling 259 patients. We analyzed the characteristics of resected cases among the
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259 patients. In addition, we performed survival analysis for these 259 patients using Cox
regression hazard model.

2.6. Details of patients diagnosed through ultrasonography during medical checkup

We analyzed the details of patients diagnosed through US medical checkup. Place
where PC was found, doctor’s specialty, patient’s comorbidities, ultrasonographic find-
ings, clinical or pathological stage, therapy prescribed, and prognosis were described.

2.7. Statistical analyses

Fisher’s exact test was used to analyze categorical variables, and the Welch's t-test
and Median test were used to analyze quantitative data where appropriate. Binomial re-
gression analysis was performed to identify independent predictors of resectable PCs in
groups 1,2,7. The log-rank test with the Kaplan—-Meier method was used to evaluate sur-
vival in a univariate analysis, and a Cox regression hazard model was used for multivar-
iate analysis to identify factors associated with prognosis. All statistical analyses of the
recorded data were performed using the Excel statistical software package (Ekuseru-
Toukei, version 2015; Social Survey Research Information Co., Ltd., Tokyo, Japan).

3. Results
3.1. Patient characteristics

Table 1. summarizes the clinical features of the 374 patients with PC (242 sympto-
matic noticed patients and 132 asymptomatic noticed patients; 192 men, 51.3% and 182
women, 48.7%) with a median age of 74 years (range, 34-105 years). The proportion of
patients with any of the three comorbidities (hypertension, diabetes mellitus, and hyper-
lipidemia) was 70.9%. There were more patients with diabetes mellitus, hypertension, hy-
perlipidemia, history of malignancy, and history of smoking in the asymptomatic noticed
group than in the symptomatic group. The proportion of PC localized in the pancreatic
tail in the 374 patients was 17.9%, and the excision ratio was 36.6%.
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Table 1. Patients’ characteristics in all patients.

All patients Symptomatic noticed Asymptomatic noticed P-value #
group group
Patients’ number 374 242 132
Male, n (%) 192 (51.3) 126 (52.0) 66 (50) 0.75
Age, median (range), years 74 (34 -105) 72 (34 - 105) 76 (44 — 98) <0.01
Comorbidities
Diabetes mellitus, n (%) 120 (32.1) 56 (23.1) 64 (48.5) <0.001
Hypertension, n (%) 162 (43.3) 93 (38.4) 69 (52.3) <0.05
Hyperlipidemia, n (%) 76 (20.3) 37 (15.3) 39 (29.5) <0.01
Any of the above 3 diseases, 265 (70.9) 160 (66.1) 105 (79.5) <0.01
n (%)
History of other cancer, n (%) 70 (17.7) 34 (14.0) 36 (26.9) <0.01
History of heavy drinking
(ethanol >100g/day) 19 (5.1) 93.7) 10 (7.6) 0.13
History of smoking, n/N (%) 197 /373 (52.8) 115/ 241 (47.7) 82 /132 (62.1) <0.01
Family history of PC
(<1t degree) , n/N (%) 27 /289 (9.3) 15 /180 (8.3) 12 /109 (11.0) 0.53
(<25t degree) , n/N (%) 30/289 (10.4) 18 /180 (10) 12 /109 (11.0) 0.84
PDAC, IPMN-derived carcinoma, n 355,19 235,7 120, 12 <0.05
Localization of PC
uncus, head, groove, 35,119, 8, 24,81,9, 7,38,3,
head ~ body, 11, 6, 5,
body, body ~ tail, tail 104, 30, 67 64,19,39 40,11,28
tail, n (%) 67 (17.9) 39 (16.1) 28 (21.2) 0.26
Tumor size* median (range), mm 34 (0-128) 66 (0—128) 25 (0-100) <0.001
Clinical or pathological Stage
(UICC 81)
01,2, 12, 8, 144, 1,1,66, 11,7,78,
34 41,169 35,139 6,30
0,1,2, n (%) 164 (43.9) 68 (28.1) 96 (72.7) <0.001
Therapy
BST, n (%) 76 (20.3) 57 (23.6) 19 (14.4) <0.05
Chemotherapy 158 128 30
Radiation 2 1 1
Excision, n (%) 138 (36.9) 56 (23.1) 82 (62.1) <0.001
. 21.9 (13.6 -35.2) 21.6 (14.3-35.2) 22.5(13.6 — 34.3)
BMI, median (range), kg/mm? n=371 =240 n=131 0.13
BMI <18.5, n (%) 67 (18.1) 48 (20) 19 (8.2) 0.06
18.5< BMI <25 323 155 77
25< BMI 72 37 35
. 239 557 104
CA19-9, median (range), U/ml (<2 - 26165454) (<2 - 26165454) (<2 — 7575434) <0.01
AMY, median (range), U/l 68 (12 —902) n=373 63 (12 —902) n=242 77 (13 - 372) n=131 <0.05
Alb, median (range), g/dl 4.0 (12 -90.2) n=371 4.0 (2.2 -5)n=241 4.1 (2.5-52)n=130 <0.01
NLR, median (range) 3.4 (0.6 — 27.7) n=372 3.6(0.6-277)n=241 2.8 (0.69 — 12.5) n=131 <0.001
PNI, median (range) 47.6 (26.6 —80.1) n=370 46.5 (26.6 — 61.7) n=240 48.8 (28.3 —80.1) n=130 <0.01

*Tumor size was calculated using the solid part. We had several data defectiveness, and “n” in the table shows analyzed patient
number and “n/N” in the table shows positive number/analyzed number. #Statistical analysis was performed to compare the differ-
ences between the asymptomatic and symptomatic noticed groups. PC: pancreatic cancer, PDAC: pancreatic ductal adenocarcinoma,
IPMN: intraductal papillary mucinous neoplasm, BST: best supportive therapy, BMI: body mass index, CA19-9: serum level of car-
bohydrate antigen 19-9, AMY: serum level of amylase, Alb: serum level of albumin, NLR: neutrophil to lymphocyte ratio, PNI: prog-

nostic nutrition index.
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Patients in the asymptomatic noticed group had significantly smaller tumor size (me-
dian tumor size: 28 mm vs. 39 mm, P<0.001), earlier stage of PC (total proportion of stages
0,1, and 2: 72.7% vs. 28.1%, P<0.001), and higher excision ratio (62.1% vs. 23.1%, P<0.001)
compared with that had by the symptomatic noticed group. In addition, CA19-9, neutro-
phil to lymphocyte ratio (NLR), prognostic nutrition index (PNI) possible prognostic fac-
tors of PC were better in the asymptomatic group than in symptomatic group (median
CA19-9: 104 vs. 557 U/ml, P <0.01, NLR: 2.8 vs. 3.6, P<0.001, and PNI: 48.8 vs. 46.5, P<0.01,
respectively).

3.2. Patient characteristics in each group according to how pancreatic cancer was diagnosed

The characteristics of patients with PC according to the eight groups are described in
Table 2. The other approaches used to diagnose PC in patents in group 8 are described in
Table S1.

Table 2. Patient’s characteristics in each group.

Group 1 2 1,2 3 4 5 6 7
Patients’ number 68 174 242 22 16 53 13 17
Male, n (%) 29 (42.6) 97 (55.7) 126 (52.1) 9 (40.9) 4*(25) 32 (60.4) 10 (76.9) 8 (47.1)
Age, median (range), 76 71 71 74 ® 683 89) 76 7 181 86) 75
years (41-105) (34-93) (34-105) (44-87) % (45-389) * (59 - 86)
IPMN-derived carci-
1(1. 4 1(1. 11. 1.
noma, (vs. PDAC), n (1.5) 6(34) 7 (2.9) 0) (1.9) 6(113) 3(23.1) * (59)
(%)
Localization of PC
uncus, head, groove 3,49, 21,32, 24,81, 0,8, 24, 3,18, 04, 2,2,
head ~ b’o%l ' 73, 23, 9,6, 02, 0,0, 01, 0,0, 1,2,
body, body ~ ol OV 59,18, 42,19, 52, 51, 17,6, 4,0, 7,0,
Y, Dody ~taty 0 39 39 5 4 8 5 3
tail, n (%) 0 (0) 39 (22.4) 39 (16.1) 5(22.7) 4 (25) 8 (15.1) 5 (38.5) 3 (17.6)
25 28 26 17
Tumor size**, median 30 36 34 20
7 _ _ _ 1 _
(range), mm (0-63) (0-128) (0-128) ©0-77) (18-55) (0-100) (0-40) (0-52)
# * . #
Clinical or
pathological stage
(UICC 8t)
01,2, 0,0,37, 1,1,29, 1,1,66, 1,1,15, 0,0,13, 4,5,27, 3,0,8, 2,1,9,
3,4 7,24 28,115 35,139 14 2,1 3,14 0,2 0,5
17 (77.3 13 (81.3 36 (67.9 11 (84.6 12 (70.6
0,1,2, n (%) 37 (54.4) 31 (17.8) 68 (28.1) (77:3) (81.3) (67.9) ( ) ( )
° ° ° ° °
Therapy
BST, n (%) 28 (41.2) 29 (16.7) 57 (23.6) 1(4.5) 2 (12.5) 12 (22.6) 2 (15.4) OSKO)
Chemotherapy 14 114 128 6 2 12 0 7
Radiation 0 1 1 0 0 1 0 0
1 2 12 (7! 28 (52. 11 (84. 1 .
Excision, n (%) 26 (38.2) 30 (17.2) 56 (23.1) 5(68.2) (75) 8(528) (84.6) 0(588)
[ ] [ ] [ ] [ ) [ )
22.1 21. 22.1
BMI, median (range), 21.8 (143-352) (143 25 2) (153 241 21.2 21.7 21.6
2 _ . - . . - . . - _ _ _ _
kg/mm (14.4 - 32.7) n=173 =241 28.5) (16.3-34.3) (13.6-31.9) (16.2-25.6) (18.0-29.8)
BMI< 185, n (%) 15 15 30 5 1 11 1 1

(22.1) (8.6) (12.4) (22.7) (6.3) (20.8) (7.7) (5.9)



https://doi.org/10.20944/preprints202209.0242.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2022

d0i:10.20944/preprints202209.0242.v1

824 557 15
231 312 28 9
CA19-9, median (<2- (<2- 391 (<2-
2194 2 2 22194
(range), Uml (21940600 o 16sasa)  26165454) (< (43 - 3618) (< 2s550) (272194
=67 10334) 7574431) .
n=172 n =239 °
68 86 88
AMY, median (range), 72 61 63 77 60
U/ml (15-517)  (12-902) (12-902) %° _ ;?7) (3-124) (7 '*372) (20-192)  (27-286)
3.9 40 42 42
Alb, median (range), 3.7 4.2 4.0 4.0
(22-50) (22-50) (3.2-51) (3.2 - 4.4)
g/dl (2.2-4.9) s ol ) (B5-45 (3252 T (2.9-4.8)
1.9
3.6 3.6 . .
. 3.9 2.5 29 28 (0.7 - 3.6) 2
NLR, median (range) o o™ o (06-226) (0.6-277) (o7, (12-40)  (07-125) o (0.9-5.3)
T =173 n=241 : * # r; *
49.1 50.2
447 477 465
. (389-622) 499 481  (459-595) 472
PNI 27.6-572) (7.7-617) (7.7-617
NI median (range) (276-57.2)  (77-617) (7.7-61.7) "" ' »1"" (399 58 (283-80.1)  n-12 (39 - 60.5)
n=66 n=172 n =238 N B

Each group comprised patients identified through 1. symptoms of biliary obstruction, 2. symptoms that were not in group 1, 3. new-
onset or rapid worsening of diabetes mellitus, 4. high serum carbohydrate antigen 19-9 (CA19-9) level, 5. computed tomogra-
phy, magnetic resonance imaging, or positron emission tomography examination for other diseases, 6. surveillance of IPMN, and
7. US during medical checkup of asymptomatic individuals.**Tumor size was calculated using solid part. We compared the differ-
ences of items between the asymptomatic noticed group (1 and 2) and each group (3—7) (e: P<0.001, #: P<0.01, *: P<0.05). We had
several data defectiveness, and “n” in the table shows analyzed patient number and “n/N” in the table shows positive number/ana-
lyzed number. IPMN: intraductal papillary mucinous neoplasm, PC: pancreatic cancer, BST: best supportive therapy, BMI: body.
mass index, AMY: serum level of amylase, Alb: serum level of albumin, NLR: neutrophil to lymphocyte ratio,. PNI: prognostic nu-
trition index.

The proportion of patients with early stage PC (Stages 0, 1, and 2) and the excision
ratio were significantly higher in each of groups 3-7 than in the symptomatic noticed
group. The excision ratio and proportions of stages 0, 1, and 2 were significantly higher in
the US medical checkup group than in the symptomatic noticed group (58.8% vs. 23.1%,
P<0.01 and 70.6% vs. 28.1%, P< 0.001, respectively). In addition, the US medical checkup
group had significantly lower proportion of patients with best supportive therapy than
that had by the symptomatic noticed group. Further, NLR as a prognostic factor of PC
was significantly better in the asymptomatic noticed groups including the US medical
checkup group compared with the other groups.

3.3. Patients’ prognosis in each group according to how PC was diagnosed

The median survival time (MST) in the symptomatic noticed group was significantly
shorter than that in the asymptomatic noticed group (312 days vs. 919 days, P<0.001; Fig-
ure 2). All groups in the asymptomatic noticed group showed a significantly longer MST
compared with that shown in the symptomatic noticed group (Figure 3). Furthermore,
MST and 5-SR in the US medical checkup group was better than that in the symptomatic
noticed group (1,764 days vs. 312 days, P <0.001 and 42.2% vs 9.4%, P<0.001, respectively).
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Figure 2. Kaplan-Meier curves for all patients (blue line), asymptomatic noticed group (group 1 +2)
(green line), and asymptomatic noticed group (group 3-8) (red line). The median survival time
(MST) was significantly longer, and 5-year overall survival rate was significantly higher in the
asymptomatic noticed group than in the symptomatic noticed group (312 days vs. 919 days and
5.4% vs. 29.0%, P <0.001, respectively).
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Figure 3. Kaplan-Meier curves of the symptomatic noticed group and each of the asymptomatic
noticed groups. The green line shows the Kaplan-Meier curve of the symptomatic group. Statistical

analysis for survival was performed in each group compared with the symptomatic noticed group.
The median survival time (MST), 5-year survival rate (5-SR), and the P-value are shown in each

Figures (A: group 3, B: group 4, C: group 5, D: group 6, and E: group 7). The horizontal axis shows
survival days.

3.4. Excision ratio and prognosis in the asymptomatic noticed group plus US medical checkup
group

The univariate analysis of patients in asymptomatic noticed group plus US medical
checkup group showed more resected cases in the US medical checkup group (P<0.01).
The resected cases compared with the unresected cases had more females (P=0.045),
IPMN-derived carcinoma cases (P=0.03), patients with normal or high body mass index
(BMI) (BMI >18.5; P<0.001), and patients with CA19-9 <425 (P<0.001). The multivariable
analysis showed more resected cases in the US medical checkup group (P=0.04) and more
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females (P<0.01), patients with normal or high BMI (BMI 218.5; P=0.02), and patients with
CA19-9 <425 (P <0.001) in the resected compared with the unresected cases (Table 3).

Table 3. Comparison of characteristics between resected and unresected patients in Groups 1, 2, and 7.

Univariate Multivariate
Unresected Resected Analysis Analysis
(P - value) P -value OR (lower limit — upper limit)
Patients’ number 193 66
2.3637
Femal 9 4 (48.7 4 . .04 .01
emale, n (%) 94 (48.7) 0 (60.6) 0.045 <0.0 (12550 — 4.4521)
Age, median (range), years 73 (34 - 105) 72 (42 - 86) 0.78
0.6573
Age, 27 1d, n (9 7 (45.1 25 (37. 31 2
ge, 275 years old, n (%) 87 (45.1) 5(37.9) 0.318 0.20 (0.3430 — 1.2595)
Group 7 3.3062
(vs. Groupl,2), n (%) 7(36) 10(15.2) <0.01 0.04 (1.0815 - 10.1072)
Diabetes mellitus, n (%) 43 (22.3) 16 (9.1) 0.74
Any of the 3 diseases (diabetes
mellitus, hypertension, hyper- 105 (54.4) 40 (24.2) 0.09
lipidemia), n (%)
History of other cancer, n (%) 26 (13.5) 11 (16.7) 0.39
History of heavy drinking (
ethanol >100g/day) 7(36) 3(45) 0.72
History of smoking, n/N (%) 96 / 192 (50) 27 (40.9) 0.25
Family history of PC
13 /145 (9. 77
(<1t degree) , n/N (%) 3/14509.0) 3/50(6) 0
IPMN-derived carcinoma, 3.8077
PDAC, n 3190 5 61 0.03 0.10 (0.7765 - 18.6723)

Localization of PC

tail, n (%) 36 (18.7) 6(9.1) 0.08
211 3.0
BMI, median (range), kg/mm? (14.3-35.2) <0.001
(15.0-32.7)
n=191
BMI (kg/mm?) 218.5, n/N (%) 146 /191 (76.4) 6(5358)6 <0.01 0.02 (1.23732{519;;.4264)
1352 165
CA19-9, median (range), U/ml (1-215454) (1-4941) <0.001
n =190
CA19-9 (U/ml) 2425 109 /190 (5 7.4) 17/ 66 (25.8) <0.001 <0.001 03073
(0.1595 - 0.5921)
AMY (U/l), median (range), a 26_2';) 02) (2:%2 64) 0.15

Groups 1 and 2 included patients with pancreatic cancer (PC) identified through symptoms of biliary obstruction and symptoms that
were not in group 1, respectively. Group 7 included patients with PC identified through abdominal ultrasonography (US) dur-
ing medical checkup of asymptomatic individuals. The value of CA19-9, 425 (U/ml) was based on the median values of patients in
Groups 1, 2, and 7. We had several data defectiveness, and “n” in the table shows the analyzed patient number and “n/N“ shows
positive number/analyzed number. IPMN: intraductal papillary mucinous neoplasm, PDAC: pancreatic ductal adenocarcinoma,
BMI: body mass index, CA19-9: serum level of carbohydrate antigen 19-9, AMY: serum level of amylase, OR: Odds ratio

In the multivariate analysis using the Cox regression hazard model, there were sig-
nificantly better prognosis in patients in the US medical checkup group (P<0.01), with
normal or high BMI (P<0.01), with low CA19-9 (P<0.001), and with low NLR (P<0.01) (Ta-
ble 4).
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Table 4. Prognostic factors in patients in groups 1, 2, 7.

Multivariate analysis
Hazard ratio

P -value (lower limit — upper limit)
0.8089
0.160
Female sex (0.6016 — 1.0876)
1.2928
Age, 275 years old 0.097 (0.9849 — 1.7501)
0.3614
Group? <001 (0.1677 - 0.7790)
(vs. group lor 2)
0.4880
IPMN-derived carcinoma (vs. 0.126
PDAC) (0.1946 - 1.2240)
«0.01 0.6024
BMI (kg/mm?) 218.5 (0.4193 - 0.8656)
1.6926
CA19-9 (U/ml) 2425 <0.001 (1.2439 —2.3034)
<0.01 1.5776
NLR >3.6 (1.1780 — 2.1126)

Group 1 and 2 included patients with pancreatic cancer (PC) identified through symptoms of bili-
ary obstruction symptoms and symptoms that were not in group 1, respectively. Group 7 included
patients with PC identified through abdominal ultrasonography during medical checkup of asymp-
tomatic individuals. Statistical analysis was performed using Cox regression hazard model. The
value of CA19-9, 425 (U/ml) and NLR, 3.5, was based on the median value of patients in groups 1,
2, and 7. IPMN: intraductal papillary mucinous neoplasm, PDAC: pancreatic ductal adenocarci-
noma, BMI: body mass index, CA19-9: serum level of carbohydrate antigen 19-9, NLR: neutrophil
to lymphocyte ratio.

3.5. Details of patients found through medical checkup with abdominal ultrasonography

Details and summary of patients in the US medical checkup group are described in
Table S2 and Tables 2 and 5. There were only three patients for which PC was identified
at health screening centers and 12 PCs were identified during regular clinic visits. The 12
PCs were detected in only clinics that had the machines and techniques to perform US
and the specialties of all the clinicians were internal medicine, and the subspecialties in 10
of the 12 were gastroenterology. Thirteen out of 17 patients (76.5%) had any of the follow-
ing basal diseases (hypertension, diabetes mellitus, and hyperlipidemia). The perfor-
mance status of all the 17 PCs was 0 for all. Three of the 17 PCs were located in the pan-
creatic tail (17.6%) (Table 2) and all of the three pancreatic tumors were not detected using
US. Two of the 17 were found as metastatic tumor of liver. The most frequent findings
that indicated the presence of PC was dilation of the main pancreatic duct (MPD; 10/17;
Table A2 and Table 5). Median tumor size tended to be small in US medical checkup group
compared with the symptomatic group (median: 20 mm [0-52] vs. 34 mm [0-128]), but
there was no statistically significant difference (P= 0.08) (Table 2). The proportion of pa-
tients in stages 0, 1, and 2 and the excision ratio were significantly higher in US medical
checkup group than in the symptomatic noticed group (stages 0, 1, and 2: 70.6% vs. 28.1%,
P<0.001 and excision ratio: 58.8% vs. 23.1%, P<0.001; Table 2). In the resected cases, two
were at stage 0; one was identified by MPD dilation induced by stenosis associated with
pancreatic intraepithelial neoplasia -3 and the other by MPD dilation induced by MPD-
IPMN (IPMN associated with high-grade dysplasia; Table 52 and Table 5.). Further, there
were 8 resected cases at stage 2 (2a, 4 and 2b, 4) and 7 out of the 8 cases were alive with
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no relapse (539-2690 days). In addition, there were 3 patients with no relapse over 7 years

(Table S2 and Table 5).

Table 5. Summary of patients in group 7.

Patients’ number 17
Place where PC was found
Clinic going regularly 12
Health screening center 3
Referral center (our hospital) 2
Specialty of doctors in clinic
Internal medicine, n/N 12/12
Subspecialty
Gastroenterology 10
Respiratory medicine 1
Unknown 1
Comorbidities
Diabetes Mellitus 3
Hypertension 9
Hyperlipidemia 10
Each of above 3 diseases, n (%) 13 (76.5)

Performance status

0,1,23,4

17,0,0,0,0

Findings of ultrasonography

Tumor in pancreas 6

Main pancreatic duct dilatation 10

Cyst in pancreas 1

Tumor in liver 2

Patients with operation 11

Pathological stage, 0, 1,2a, 2b,3,4
2,1,4,4,0,0
(NICC 8th)

No relapse in stage 2, n/N (%) 7/8 (87.5)

Days after surgery in 7 patients with no relapse in stage 2 539, 642, 834, 992, 2619, 2621, 2690
Group 7 included patients with PC identified through abdominal ultrasonography during medi-
cal checkup of asymptomatic individuals.

4. Discussion

In this study, we showed that PCs identified by US during medical checkup for
asymptomatic individuals had better excision ratio and more excellent prognosis than that
observed in PCs identified through symptoms. These results suggest that screening for
PC using US in asymptomatic individuals might be effective for improved prognosis with
the medical treatment of PC.

PC has the worst prognosis among all cancers, and its 5-SR is approximately 7.1%
and 10% in Japan and the United States, respectively [1,2]. Further, PC remains the fourth
leading cause of cancer-related deaths in Japan and the United States, with increasing in-
cidence rates [9,10]. Thus, overcoming the burden of PC is an urgent issue.

It has been increasingly recognized that the prognosis of patients with early-stage PC
is favorable [11,12], and PCs that can radically cured are in Union for International Cancer
Control stage 0 (in situ) and stage IA with 5-SRs of 85.8% and 68.7%, respectively [12,13].
However, the corresponding proportion of stages 0 and 1A cases accounts for only 1.7%
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and 4.1%, respectively [12,13]. Especially, PC at stage 0 does not form mass, and the car-
cinoma cannot be identified on imaging modalities, so stage 0 is now diagnosed using
pancreatic juice cytology [14,15], focusing on indirect findings such as MPD dilatation
and/or stenosis, cyst formation, focal fat deposition, and focal atrophy of the pancreas
[13,16-18]. Many researchers have been making effort to identify early-stage PC. Patients
with stage 0 or 1A are increasing, but their proportion is currently still low. This may
explain that any imaging examinations (e.g., CE-CT, MRCP, EUS, and US) are needed as
an indicator for attempting pancreatic juice cytology.

In 2012, the 5-SR of resected pancreatic cancers in Japan was approximately 20% [1].
However, the progress of adjuvant chemotherapy [19], neoadjuvant chemotherapy [20],
excision technique, perioperative management [21,22], and chemotherapy [23,24] at the
time of relapse is obviously improving the prognosis of patients with operable PC. Adju-
vant chemotherapy using Tegafur Gimeracil Potassium (5-1) showed a 5-SR of 44.1% [19]
and neoadjuvant chemotherapy using gemcitabine and S-1 for resected PCs also showed
a 2-year overall survival rate of 63.7% [20]. Further, disease specific 5-SR and recurrence
free 5-SR were 52% and 40%, respectively, in resected PCs at our institute (N=98, 2015
2021, unpublished data). Thus, identifying operable PCs might induce significant hope of
better prognosis. In the United States, it is thought that surgical intervention in the early
stage of PC can most likely improve the chances of survival [8].

Typically, the effective way to detect cancers earlier might be cancer screening for
asymptomatic individuals. In Japan, screening for five cancers including lung, stomach,
breast, colon, and uterus neck cancers is recommended, which excludes screening for pan-
creatic cancer as it is not required by the Ministry of Health and Welfare, Japan. The rec-
ommendation for cancer screening may not only be due to the downregulation of mortal-
ity but also the avoidance of unnecessary examinations and therapies.

To identify PCs early, routine CE-CT, MRCP or EUS examination should be per-
formed more than twice a year. However, US performed once a year might be a best mo-
dality for public pancreatic cancer screening, considering its non-invasiveness, simple-
ness, and lower cost. One additional advantage of US is the ability to find other abdominal
cancers including liver, kidney, biliary tract organs, and urinary tract organs. The total
numbers of these cancers are more than the total numbers of esophagus and stomach can-
cers in Japan [25]. In this study, asymptomatic patients whose PC was identified through
US during medical checkup had better prognosis than patients noticed by symptoms.
Thus, US for asymptomatic individuals might be recommended as a pancreatic cancer
screening tool to prolong the prognosis of PC.

Currently, PCs are identified earlier [3] based on new-onset diabetes mellitus [26],
surveillance for IPMN [4,27], and FH of PC [28,29]. Our study showed that patients with
PC identified based on new-onset or worsening of diabetes mellitus had better excision
ratio and prognosis than patients identified based on symptoms of PC, making this algo-
rism very important. The proportion of patients with PC identified by worsening of dia-
betes mellitus is reported as 4-5% [30], and our result (22/374=5.9%) is similar to this re-
port. The use of new-onset or worsening of diabetes mellitus as an indicator for detecting
PCs should be carefully monitored. Most investigators screen patients with IPMN using
MRCP, EUS, and CE-CT once or twice a year [4,27,31-35]. If this rigorous surveillance is
performed, it is natural that the patients are identified in an earlier stage and have better
prognosis than that observed in patients identified at the symptomatic stage. Even in this
study, the best prognosis was obtained in the group with IPMN who were screened for
PC, and this result is thought to be natural because they had regularly CE-CT and MRCP
examination twice a year. MPD in IPMN tends to dilate even in branch duct IPMN be-
cause of their excessive mucus, so we could easily detect MPD dilatation on US, which
can lead to identification of PCs associated with IPMN (IPMN-derived carcinoma or con-
comitant carcinoma in IPMN).

Thinking from another point of view, the proportion of PDACs from the surveillance
of patients with IPMN in this study was very low (12/374, 3.5%). Further, the lifetime car-
cinogenic rate of PC was reported at frequency of 2.6% in males and 2.5% in females [5].
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If the carcinogenic rate of IPMN is 2.0%-10% [4], it implies low carcinogenesis due to
IPMN. The ratio of patients with a FH of 1st degree PC was 9% in this study and 3-8.7%
in previous reports [5-7]. These facts indicate that most PCs could not detected only
through surveillance of patients with IPMN and/or FH. We might need to identify PCs
from individuals with none of the risks or with a small risk of PCs.

US is effective for outpatient care because of its convenience and non-invasiveness.
Its sensitivity and specificity ranges for detecting PCs are broad (48-89% and 40-91%, re-
spectively), and there are some differences according to operators, participants, and ma-
chines [36-39]. However, there were positive reports that its sensitivity for PCs under 10
mm was 50% and over 30 mm was 95.8% [36-39]. In addition, recent reports have shown
that MPD dilatation as an indirect abnormality of PCs were identified by US in 62%-75%
of patients in PC stage 0 [40,18], 61% in stage 1A [40], and 74.3% in stage 1 [18]. MPD
dilatation is caused by stasis of pancreatic juice in the downstream side of MPD not only
due to invasive carcinoma but also due to carcinoma in situ [40,18]. In addition, some pa-
tients with IPMN develop MPD dilatation due to excessive mucin production. Based on
the above mentioned causes, the detection of MPD dilatation is vital. Moreover, most PCs
occur in the pancreatic head (78%) [41], and our result showed that PCs located in the
pancreatic tail was only 17% of the total PC cases. Thus, there is a high chance of detecting
tumor or MPD dilatation by US.

In our analysis, there were two patients with PC stage 0 identified by MPD dilatation
on ultrasonographic findings. One had MPD stenosis in the pancreatic head due to pan-
creatic intraepithelial neoplasm-3 and following fibrosis. The other one PC was identified
by MPD dilatation (10 mm) in the pancreatic body and was diagnosed based on MPD-
IPMN with high-grade dysplasia after surgery. Therefore, US might be useful for identi-
fying early stage (stage 0) PCs. In addition, 11 patients in US medical checkup group had
undergone resection, and 8 patients were in stage 2. Of the 8 patients, 7 were alive with
no relapse and with survival time ranging from 539 days to 2690 days at the time of this
analysis. Surprisingly, 3 were alive patients and without relapse for over 7 years and had
the potential of achieving complete remission. This shows some PCs at stage 2 have the
potential of being radically cured, which could be explained by the progression of chem-
otherapy and surgeons’ techniques.

The disadvantage of US is that its use in some location, especially in the pancreatic
tail makes the findings difficult to describe. In our study, three tumors were located in the
pancreatic tail, and all could not be described by US. Hepatic metastasis was detected in
two of the 3 patients by US. The tumor size of the tumor in the pancreatic tail was rela-
tively large (44-52 mm) but was not detected by US. Ashida et al. [42] reported how pan-
creatic tail tumors can be described using repletion of the stomach by drinking tea with
milk and obtained good result. Efforts need to be channeled towards describing tumors
in the pancreatic tail more clearly using regular observations of the pancreas from the left
lateral region, the repletion of stomach using fluids, and others. Another disadvantage of
US is that the number of clinics that provide this service is low, and most clinic doctors do
not have the technique for screening abdominal organs on US. In this study, most PCs
were identified by clinicians whose subspecialty was gastroenterology. In addition, we
are very sorry that US aimed at medical checkup is not covered by insurance under the
medical insurance system of Japan.

In Onomichi city in Hiroshima prefecture and Yamanashi prefecture, clinics and
medical examination centers work closely with referral centers, and the PC discovery rate
has been increasing, and some patients with stage 0 and 1 are identified [13,15,43,44]. In
Onomichi city, clinic doctors are performing US for patients with multiple risk factors of
PC (FH, diabetes mellitus, smoking, heavy drinker, obesity, et.al) and refer to referral cen-
ters if there are abnormal findings (mass, cyst, or MPD dilatation). Naturally, public can-
cer screening for upper abdominal organs (liver, biliary tract, kidney, pancreas, and
spleen) by US is performed in Onomichi city. In our analysis, there were many PC patients
with any disease such as hypertension, diabetes mellitus, and hyperlipidemia (265/374,
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70.9%). Thus, there might be big chance to detect asymptomatic PCs if US in clinics can be
performed for them using medical insurance system or public cancer screening system.

“Ningen Dock,” which can be interpreted in English as “complete physical examina-
tion,” “health screening,” etc., is one of the medical checkup methods in Japan. The ex-
penses related to this method is catered for by the patient, and although it has more vari-
ous and more precise examinations, its associated cost is not supported by the govern-
ment. In Ningen Dock, the modality used to screen the upper abdominal organs for eve-
ryone who uses this checkup method is US. MRCP and PET are performed for a few peo-
ple as an additional examination. In 2015, the Japan society of Ningen Dock reported [45]
that there were fairly few of PC patients (111/3,131,637, 0.0035%). In the reports, there
were 2,361,479 candidates for examination in under 59 years old, and 770,158 in over 60
(24.6%). Incident ratio of pancreatic cancer is rapidly increasing in individuals of 60’s and
the incident ratio increase with age. In comparison with 50’s, the numbers of PCs are
3.3fold in 60’s, 4.5fold in 70’s, and 3.9fold in 80’s [46]. Thus, pancreatic cancer screening
focusing on 60’s and 70’s might be useful for detecting PCs. In 2018, all of cancer patients
in Japan were found from cancer screening, medical checkup, and Ningen Dock at fre-
quency of 15% but PC patients were of only 4.9% [25]. This low frequency might be one
of the reasons of poor prognosis of PCs. Cancer screening for PC is not now recommended
from Ministry of Health and Welfare in Japan. Thus, most health insurance associations
including National Health Insurance Association are not adopting a cancer screening for
PC. For the same reason, most municipals are not adopting public cancer screening for
upper abdominal organs including pancreas. Thus, this poor result is reasonable.

There are several limitations in this study. First, this is a retrospective analysis in a
single center, so there are small number of cases in the analysis, and there may have been
single center bias. Particularly, majority of the patients with PC in our analysis were older
than that observed in other high-volume centers because of the increasing aging popula-
tion in Kure city. Some patients did not undergo resection because of their advanced age.
Second, there might have been a bias in the grouping of patients into the 8 groups because
the groupings were based on reports from referral letters. In our analysis, there were a
few patients for which PC was diagnosed based on multiple approaches. In such in-
stances, we had to select only one approach. For example, seven of 22 patients identified
by worsening of diabetes mellitus had appetite loss and/or body weight loss on their first
visit to our institute during the interview. These seven patients were categorized into
group 3 and not group 2 because the first report in their referral letters was worsening of
diabetes mellitus. Thirdly, we included patients who were diagnosed in past years, so
there were some differences in the diagnostic modalities and standard therapy, which
were based on the year in which patients were diagnoses and how these factors influenced
prognosis. Finally, we could not evaluate the sensitivity, specificity, and cost effectiveness
of US for PC diagnosis. The analysis of cost effectiveness of US for PC is difficult because
there is no concept of early PCs. Thus, evaluation items (mortality, excision rate, and pro-
longed prognosis) must influence the obtained results.

In 2019, The United States Preventive Service Task Force reported [8] that there was
no evidence that screening for PC improves disease-specific morbidity or mortality, and
they provided no recommendation for PC screening in asymptomatic adults, considering
the low incidence ratio of PC in the general population, the uncertain accuracy of current
candidate screening tests (CT, MRCP, and EUS), and poor prognosis of PC even when it
is treated at an early stage. In contrast, some reports have shown the cost effectiveness of
US in identifying PCs [47,48]. Further, Tanaka reported better excision rate (76.9%) in pa-
tients for which PC was identified during medical checkup [49]. In our study, the progno-
sis of patients with PC identified by US as medical checkup was obviously better than that
of PC in symptomatic patients, and some PC had the possibility of being radically cured.
US has an ability to find not only PCs but also other abdominal cancers. We suggest that
pancreatic cancer screening by US, focusing on the older population (60-75 years old)
might be more efficient.
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5. Conclusions

PC is the worst malignant cancer, and it is vital to identify it at an early stage as much
as possible. Finding of PCs with stage 0 and 1A is the best scenario but rather difficult to
approach. Thus, firstly we aim to identify operable patients to help them obtain better
prognosis, although complete cure might be difficult to achieve. Therefore, US for asymp-
tomatic individuals may be one of the useful tools for PC screening, which could lead to
an increase in patients with better prognosis than symptomatic patients. In addition, such
attempt could contribute to find PCs with stages 0 and 1A. The public should be educated
about the importance of early PC screening in asymptomatic individuals, and there is a
need to accumulate evidence on the effectiveness and efficiency of screening for PC using
any modalities such as US.

Supplementary Materials: Table S1: Patients with PC diagnosed based on other approach (group
8); Table S2: Details of patients in group 7.

Funding: This research received no external funding.

Acknowledgments: First: all authors appreciate the Kureshi Medical Association and adjacent med-
ical doctors for referring patients with PC to our institute to participate in this study. In addition,
we are thankful to Tomoyuki Akita for direction and review of statistical analysis. Finally, we are
grateful that this study was selected for an oral presentation at the 26th Meeting of International
Association of Pancreatology and the 53rd Annual Meeting of Japan Pancreas Society in Kyoto

Author Contributions: Conceptualization, A.Y.; data curation, N.K,, S.S., T.H., and N.F.; writing—
original draft preparation, A.Y.; writing—review, TM., Y.T., RK,, T.K,, HKou, T.S., K.K., H.Koh.
All authors have read and agreed to the published version of the manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the ethics committee in National Hospital Organization Kure
Medical Center and Chugoku Cancer Center (No. 2022-24).

Informed Consent Statement: Patient consent was waived by the ethics committee of the National
Hospital Organization Kure Medical Center and Chugoku Cancer Center because the analysis was
performed with anonymous clinical data. For disclosure, the details of this study were posted on
some walls in National Hospital Organization Kure Medical Center and Chugoku Cancer Center.

Data Availability Statement: The datasets used and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Egawa, S.; Toma, H.; Ohigashi, H.; Okusaka, T.; Nakao, A.; Hatori, T.; Maguchi, H.; Yanagisawa, A.; Tanaka, A. A digest of the
Pancreatic Cancer Registry Report 2007. Suizo 2008, 23, 105-123. (Japanese)

2. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer ] Clin 2020, 70, 7-30, doi: 10.3322/caac.21590.

3. Singhi, A.D.; Koay, E.J.; Chari, S.T.; Maitra, A. Early detection of pancreatic cancer: opportunities and challenges. Gastroenterol-
ogy 2019, 156, 20242040, doi: 10.1053/j.gastro.2019.01.259.

4. Tanno, S.; Nakano, Y.; Koizumi, K.; Sugiyama, Y.; Nakamura, K.; Sasajima, J.; Nishikawa, T.; Mizukami, Y.; Yanagawa, N.; Fujii,
T.; et al. Pancreatic ductal adenocarcinomas in long-term follow-up patients with branch duct intraductal papillary mucinous
neoplasms. Pancreas 2010, 39, 36-40, doi: 10.1097/MPA.0b013e3181b91cdO0.

5. Shimizu, K.; Shiratori, K. Risk factors of pancreatic cancer-family history, past history, and complications. Shokakinaika 2012, 55,
70-73. (Japanese)

6.  Matsubayashi, H.; Maeda, A.; Kanemoto, H.; Uesaka, K.; Yamazaki, K.; Hironaka, S.; Miyagi, Y.; Ikehara, H.; Ono, H.; Klein, A;
et al. Risk factors of familial pancreatic cancer in Japan: current smoking and recent onset of diabetes. Pancreas 2011, 40, 974-
978, d0i:10.1097/MPA..0b013e3182156e1b.

7. Inoue, M,; Tajima, K.; Takezaki, T.; Hamajima, N.; Hirose, K.; Ito, H.; Tominaga, S. Epidemiology of pancreatic cancer in Japan:
a nested case-control study from the Hospital-based Epidemiologic Research Program at Aichi Cancer Center (HERPACC). Int
J Epidemiol 2003, 32, 257-262, doi:10.1093/ije/dyg062.

8. US Preventive Services Task Force, Owens, D.K,; Davidson, K.W.; Krist, A.H; Barry, M.].; Cabana, M.; Caughey, A.B.; Curry,
S.J.; Doubeni, C.A.; Epling, ] W. Jr; et al. Screening for Pancreatic Cancer: US Preventive Services Task Force Reaffirmation
Recommendation Statement. JAMA 2019, 322, 438-444, doi:10.1001/jama.2019.10232.


https://doi.org/10.20944/preprints202209.0242.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2022 doi:10.20944/preprints202209.0242.v1

9. Vital Statistics Japan reported by the Ministry of Health, Labour and Welfare. Available from:
http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/suikeil5/ (accessed 01 August 2022).

10. National Cancer Institute: Cancer stat facts: pancreatic cancer. (2021). Accessed: December 23, 2021: https://seer.cancer.gov/stat-
facts/html/pancreas.html.

11. Egawa, S.; Takeda, K.; Fukuyama, S.; Motoi, F.; Sunamura, M.; Matsuno, S. Clinicopathological aspects of small pancreatic
cancer. Pancreas 2004, 28, 235-240, doi:10.1097/00006676-200404000-00004.

12. Egawa, S;; Toma, H.; Ohigashi, H.; Okusaka, T.; Nakao, A.; Hatori, T.; Maguchi, H.; Yanagisawa, A.; Tanaka, A. Japan pancreatic
cancer Registry; 30th year anniversary: Japan pancreas society. Pancreas 2012, 41, 985-992, doi:10.1097/MPA.0b013e318258055¢.

13. Kanno, A.; Masamune, A.; Hanada, K.; Maguchi, H.; Shimizu, Y.; Ueki. T.; Hasebe, O.; Ohtsuka, T.; Nakamura, M.; Takenaka,
M.; et al. Japan Study Group on the Early Detection of Pancreatic Cancer (JEDPAC) Multicenter study of early pancreatic cancer
in Japan. Pancreatology 2018,18, 61-67, doi:10.1016/j.pan.2017.11.007.

14. Iiboshi, T.; Hanada, K.; Fukuda, T.; Yonehara, S.; Sasaki, T.; Chayama, K. Value of cytodiagnosis using endoscopic nasopancre-
atic drainage for early diagnosis of pancreatic cancer: establishing a new method for the early detection of pancreatic carcinoma
in situ. Pancreas 2012, 41, 523-529, do0i:10.1097/MPA.0b013e31823c0b05.

15. Nakaizumi, A.; Tatsuta, M.; Uehara, H.; Takenaka, A; Iishi, H.; Kitamura, T.; Ohigashi, H.; Ishikawa, O.; Okuda, S.; Wada, A.
Effectiveness of the cytologic examination of pure pancreatic juice in the diagnosis of early neoplasia of the pancreas. Cancer
1995, 76, 750-757, d0i:10.1002/1097-0142(19950901)76:5<750::aid-cncr2820760507>3.0.co;2-#.

16. Hanada, K.; Okazaki, A.; Hirano, N.; Izumi, Y.; Teraoka, Y.; Ikemoto, J.; Kanemitsu, K.; Hino, F.; Fukuda, T.; Yonehara, S. Diag-
nostic strategies for early pancreatic cancer. | Gastroenterol 2015,50, 147-154, doi:10.1007/s00535-014-1026-z.

17.  Kikuyama, M.; Hanada, K.; Ueki, T. Pancreatic carcinoma in situ presenting prominent fatty change of the pancreas body on
CT: expression from 3 cases. | Jpn Pancreas Soc 2015, 30, 626-632. (Japanese)

18. Nakahodo, J.; kikuyama, M.; Nojiri, S.; Chiba, K.; Yoshimoto, K.; Kamisawa, T.; Horiguchi, S.I.; Honda, G. Focal parenchymal
atrophy of pancreas: An important sign of underlying high-grade pancreatic intraepithelial neoplasia without invasive carci-
noma, i.e., carcinoma in situ. Pancreatology 2020, 20, 1689-1697, doi:10.1016/j.pan.2020.09.020.

19. Uesaka, K. Boku, N.; Fukutomi, A.; Okamura, Y.; Konishi, M.; Matsumoto, I.; Kaneoka, Y.; Shimizu, Y.; Nakamori, S.; Sa-
kamoto, H.; et al. Adjuvant chemotherapy of S-1 versus gemcitabine for resected pancreatic cancer: a phase 3, open-label, ran-
domised, non-inferiority trial JASPAC 01). Lancet 2016, 388, 214-215, doi:10.1016/50140-6736(16)30583-9.

20. Unno, M.; Motoi, F.; Matsuyama, Y.; Yamaue, H.; Satoi, S.; Sho, M.; Honda, G.; Matsumoto, I.; Wada, K.; Furuse, J.; et al. Ran-
domized phase II/III trial of neoadjuvant chemotherapy for resectable pancreatic cancer (Prep-02/JSAP-05). | Clin Oncol 2019,
37,190-194, doi:10.1093/jjco/hyy190.

21. Gooiker, G.A.;Lemmens, V.E.P.P; Besselink, M.G.; Busch, O.R.; Bonsing, B.A.; Molenaar, 1.Q.; Tollenaar, R.A.E.M.; de Hingh,
LH.J.T.; Wouters, M.W.J].M. Impact of centralization of pancreatic cancer surgery on resection rates and survival. Br | Surg 2014.
101, 1000-1005, doi:10.1002/bjs.9468.

22.  Lidsky, M.E,; Sun, Z.; Nussbaum, D.P.; Adam, M.A; Speicher, P.J.; Blazer, D.G. 3rd. Going the extra mile: improved survival
for Pancreatic cancer patients traveling to high-volume centers. Ann  Surg 2017, 266, 333-338,
doi:10.1097/SL.A.0000000000001924.

23.  Conroy, T.; Desseigne, F.; Ychou, M.; Bouché, O.; Guimbaud, R.; Bécouarn, Y.; Adenis, A.; Raoul, J.L.; Gourgou-Bourgade, S.;
de la Fouchardiere, C.; et al. FOLFIRINOX versus gemcitabine for metastatic pancreatic cancer. N Engl | Med 2011, 364, 1817-
1825, doi:10.1056/NEJMo0a1011923.

24.  von Hoff, D.D.; Ervin, T.; Arena, F.P.; Chiorean, E.G.; Infante, J.; Moore, M.; Seay, T.; Tjulandin, S.A.; Ma, W.W_; Saleh, M.B.; et
al. Increased survival in pancreatic cancer with nab-paclitaxel plus gemcitabine. N Engl | Med 2013, 369, 1691-1703,
doi:10.1056/NEJMoa1304369.

25. Cancer Information Service, National Cancer Center, Japan. Available from: http://www.mhlw.go.jp/toukei/sai-
kin/hw/jinkou/suikeil5/ (accessed 01 August 2022).

26. Ben, Q.; Xu, M.; Ning, X,; Liu, J.; Hong, S.; Huang, W.; Zhang, H.; Li, Z. Diabetes mellitus and risk of pancreatic cancer: a meta-
analysis of cohort studies. Eur ] Cancer 2011, 47, 1928-1937, doi:10.1016/j.ejca.2011.03.003.

27.  Pergolini, I.; Sahora, K.; Ferrone, C.R.; Morales-Oyarvide, V.; Wolpin, B.M.; Mucci, L.A.; Brugge, W.R.; Mino-Kenudson, M.;
Patino, M.; Sahani, D.V ; et al. Long-term risk of pancreatic malignancy in patients with branch duct intraductal papillary mu-
cinous neoplasm in a referral center. Gastroenterology 2017, 153, 1284-1294, doi:10.1053/j.gastro.2017.07.019.

28. Klein, A.P,; Brune, K.A,; Petersen, G.M.; Goggins, M.; Tersmette, A.C.; Offerhaus, G.J.A.; Griffin, C. Cameron, J.L.; Yeo, CJ;
Kern, S.; et al. Prospective risk of pancreatic cancer in familial pancreatic cancer kindreds. Cancer Res 2004, 64, 2634-2638,
doi:10.1158/0008-5472.can-03-3823.

29. Brune, K.A,; Lau, B.; Palmisano, E.; Canto, M.; Goggins, M.G.; Hruban, R.H.; Klein, A.P. Importance of age of onset in pancreatic
cancer kindreds. | Natl Cancer Inst 2010, 102, 119-126, doi:10.1093/jnci/djp466.

30. Committee for Pancreatic Cancer Registry. Japan Pancreas Society Pancreatic Cancer Registry Report 2007. Suizo 2007; 22: el-
427 (Japanese).

31. Oyama, H,; Tada, M.; Takagi, K.; Tateishi, K.; Hamada, T.; Nakai, Y.; Hakuta, R.; Ijichi, H.; Ishigaki, K.; Kanai, S.; et al. Long-
term risk of malignancy in branch-duct intraductal papillary mucinous neoplasms. Gastroenterology 2020, 158, 226-237,
doi:10.1053/j.gastro.2019.08.032.


https://doi.org/10.20944/preprints202209.0242.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 September 2022 doi:10.20944/preprints202209.0242.v1

32. Vege, S.S; Ziring, B.; Jain, R.; Moayyedi, P.; Clinical Guidelines Committee; American Gastroenterology Association. American
Gastroenterological Association Institute Guidelines on the Diagnosis and Management of Asymptomatic Neoplastic Pancreatic
Cysts. Gastroenterology 2015, 148, 819-822, doi:10.1053/j.gastro.2015.01.015.

33. Scheiman, ].M.; Hwang, ].H.; Moayyedi, P. American Gastroenterological Association technical review on the diagnosis and
management of asymptomatic neoplastic pancreatic cysts. Gastroenterology 2015, 148, 824-848, d0i:10.1053/j.gastro.2015.01.014.

34. The European Study Group on Cystic Tumors of the Pancreas. European evidence-based guidelines on pancreatic cystic neo-
plasms. Gut 2018, 67, 789-804, doi:10.1136/gutjnl-2018-316027.

35. Tanaka, M.; Fernandez-Del Castillo, C.;0 Kamisawa, T.; Jang, J.Y.; Levy, P.; Ohtsuka, T.; Salvia, R.; Shimizu, Y.; Tada, M.; Wolf-
gang, C.L. Revisions of international consensus Fukuoka guidelines for the management of IPMN of the pancreas. Pancreatology
2017 17, 738-753, d0i:10.1016/j.pan.2017.07.007.

36. Kitano, M.; Kudo, M.; Maekawa, K.; Suetomi, Y.; Sakamoto, H.; Fukuta, N.; Nakaoka, R.; Kawasaki, T. Dynamic imaging of
pancreatic diseases by contrast enhanced coded phase inversion harmonic ultrasonography. Gut 2004, 53, 854-859,
doi:10.1136/gut.2003.029934.

37. Béttger, T.C.; Boddin, J.; Diiber, C.; Heintz, A.; Kiichle, R.; Junginger, T. Diagnosing and staging of pancreatic carcinoma-what
is necessary? Oncology 1998, 55, 122-129, doi:10.1159/000011846.

38. Rosch, T,; Lorenz, R,; Braig, C.; Feuerbach, S.; Siewert, ].R.; Schusdziarra, V.; Classen, M. Endoscopic ultrasound in pancreatic
tumor diagnosis. Gastrointest Endosc 1991, 37, 347-352, doi:10.1016/s0016-5107(91)70729-3.

39. Niederau, C.; Grendell, ].H. Diagnosis of pancreatic carcinoma. Imaging techniques and tumor markers. Pancreas 1992, 7, 66—
86, d0i:10.1097/00006676-199201000-00011.

40. Tkemoto, J.; Serikawa, M.; Hanada, K.; Eguchi, N.; Sasaki, T.; Fujimoto, Y.; Sugiyama, S.; Yamaguchi, A.; Noma, B.; Kamigaki,
M.; et al. Clinical analysis of early-stage pancreatic cancer and proposal for a new diagnostic algorithm: a multicenter observa-
tional study. Diagnostics (Basel) 2021, 11, 287, doi:10.3390/diagnostics11020287.

41. Sener, S.F,; Fremgen, A.; Menck, H.R.; Winchester, D.P. Pancreatic cancer: a report of treatment and survival trends for 100,313
patients diagnosed from 1985-1995, using the National Cancer Database. | Am Coll Surg 1999, 189, 1-7, doi:10.1016/s1072-
7515(99)00075-7.

42. Ashida, R.; Tanaka, S.; Ioka, T.; Katayama, K. Pancreatic cancer screening by abdominal ultrasonography. Suizo 2017, 32, 30-37.
(Japanese)

43. Hanada, K.; Shimizu, A.; Minami, T. Social programs for early diagnosis of pancreatic cancer - establishment of network be-
tween special doctors and practicing doctors. Nihon Shokakibyo Gakkai Zasshi 2018, 115, 327-333. (Japanese)

44. Fukasawa, M.; Yoda, Y.; Takayama, I.; Takano, S.; Kadokura, M.; Shindo, H.; Takahashi, E.; Yokota, Y.; Amemiya, F.; Hanawa,
M.; et al. Regional medical cooperation aimed at early detection of pancreatic cancer. Shoukakinaika 2013, 57, 63—67. (Japanese)

45. Ningendokku kennsinn toukei tyousa iinnkai. Ningendokku zennkoku syukei seiseki houkoku. Ningen Dock 2015, 30: 750-762.
(Japanese)

46. Cancer Incidence of Japan. Available online: https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450173&tstat=0000
01133323 (accessed 01 August 2022).

47.  Morelli, L.; Guadagni, S.; Borrelli, V.; Pisano, R.; Di Franco, G.; Palmeri, M.; Furbetta, N.; Gambaccini, D.; Marchi, S.; Boraschi,
P.; et al. Role of abdominal ultrasound for the surveillance follow-up of pancreatic cystic neoplasms: a cost-effective safe alter-
native to the routine use of magnetic resonance imaging. World | Gastroenterol 2019, 25, 2217-2228, doi:10.3748/wjg.v25.i18.2217.

48. Kowada, A. Cost-effectiveness of abdominal ultrasound versus magnetic resonance imaging for pancreatic cancer screening in
familial high-risk individuals in Japan. Pancreas 2020, 49, 1052-1056, doi:10.1097/MPA.0000000000001614.

49. Tanaka, T. Diagnosis opportunities and clinical features of resectable pancreatic cancer: a single center retrospective analysis.
Journal of Gastrointestinal Cancer Screening. 2022, 60, 32—40. (Japanese)


https://doi.org/10.20944/preprints202209.0242.v1

