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Abstract 
Background: Pancreatic carcinoma has a poor prognosis. It is important to 
focus on early detection and treatment for improvement of the prognosis. 
Understanding the characteristics of TS1 pancreatic carcinoma (≤2 cm) could 
improve the treatment outcome of pancreatic carcinoma. Methods: Among 
444 patients with conventional pancreatic carcinoma who underwent surgery 
at our facility, the study targeted 65 (14.6%) with a histopathological diagnosis 
of TS1 pancreatic carcinoma. We examined 65 cases of TS1 pancreatic carci-
noma in reason for hospital visit, examination findings, histopathological 
findings, and treatment outcomes. Results: The detection rate of TS1 pan-
creatic carcinoma by ultrasonography was 83.1% for visualization of the tu-
mor mass and 96.9% for main pancreatic duct dilatation. The corresponding 
rates for endoscopic ultrasound were 92.9% and 100%. With regard to post-
operative outcome, 43.1% of patients had a recurrence; the site of recurrence 
was local in 24.6% and hepatic in 9.2%. On multivariate analysis, intrapan-
creatic neural invasion was an independent risk factor for recurrence (odds 
ratio, 6.333; 95% confidence interval, 1.834 - 21.872; p = 0.004). Conclusions: 
To screen for TS1 pancreatic carcinoma, the study first examined for main 
pancreatic duct dilatation by ultrasonography and then conducted a detailed 
examination with endoscopic ultrasound. Patients with pancreatic neural in-
vasion require careful attention for local recurrence. 
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1. Introduction 

Pancreatic carcinoma has an extremely poor prognosis, and early detection and 
treatment are the only way to improve the prognosis. Egawa et al. [1] reported a 
5-year survival rate of 80.4% for pancreatic carcinomas detected with a size ≤ 10 
mm, demonstrating that it is important for improvement of the prognosis to 
find pancreatic carcinomas at an early stage. However, pancreatic carcinomas ≤ 
10 mm are found in only 0.8% of cases. Since the annual detection rate of TS1 
pancreatic carcinoma or gastric cancer (≤2 cm) has remained at approximately 
10% for the past 30 years, early detection and treatment have not been improved 
during the period [1]. Even when TS1 pancreatic carcinoma is detected and 
treated, 42% of patients are found in stage I with a 5-year survival rate of less 
than 50% [2], which is regarded as an unsatisfactory result.  

Diabetes, smokers, and chronic pancreatitis are known as high-risk group of 
pancreatic carcinoma [3] [4] [5] [6]. Periodic screening of patients with these 
risk factors is important for the early detection of pancreatic carcinoma. Tanaka 
et al. [7] reported that the dilatation of the main pancreatic duct by 2.5 mm or 
more detected by ultrasonography indicated high risk of pancreatic carcinoma. 
Clinicians should be aware of what modality to test for early detection of pan-
creatic carcinoma. 

The aim of this study was to investigate methods for early detection of TS1 
pancreatic carcinoma among patients undergoing surgery at our facility and to 
identify risk factors for recurrence after resection of the tumor.  

2. Materials and Methods 
2.1. Patients 

Between April 2004 and March 2016, 444 patients with conventional pancreatic 
carcinoma underwent surgery at Tokai University Hospital and Tokai University 
Hachioji Hospital. Among these patients, the study targeted 65 patients (14.6%) 
with a histopathological diagnosis of TS1 pancreatic carcinoma (≤2 cm). Special 
types of cancer, such as cancers derived from intraductal papillary mucinous 
neoplasms (IPMNs) or mucinous cystic neoplasms (MCNs), were excluded.  

2.2. Examination Items 

The study examined 65 cases of TS1 pancreatic carcinoma, recording data on the 
patient’s background, reason for visiting the hospital, examination findings, his-
topathological findings, and treatment outcome. The UICC (Union for Interna-
tional Cancer Control), 7th edition, was used to classify the level or stage of can-
cer. 

2.3. Statistical Analysis 

SPSS version 23 (IMB Japan, Tokyo, Japan) was used in all analyses. Survival 
rates were calculated by the Kaplan-Meier method. The chi-squared test was 
used for comparisons between groups. The Cox proportional hazards model was 
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used for multivariate analysis. P values < 0.05 were considered to indicate a sig-
nificant difference. 

3. Results 
3.1. Patient Background 

The study included 65 patients, with a male-to-female ratio of 31:34, 52 to 86 
years of age (average, 69 years) (Table 1). The site of the tumor was the pancreas 
head in 39 patients and the pancreatic body or tail in 26 patients. Pancreatoduo-
denectomy was performed in 38 patients, including portal vein resection in 8 pa-
tients. Duodenum-preserving pancreas head resection was performed in one pa-
tient because of a diagnosis of chronic pancreatitis. In 25 patients, the site of the 
tumor was the pancreatic tail, and distal pancreatectomy was performed in all of 
these patients (including 1 patient with portal vein resection).  

3.2. Reason for Hospital Visit 

On health examination, 26 patients (40.0%) had symptoms and 39 patients 
(60.0%) had no symptoms (Table 2). Sixteen of the 26 patients with symptoms 
had epigastric abdominal pain or dorsal pain. Six patients had jaundice, and two 
patients each had abdominal discomfort and weight loss. Abnormalities were 
found in 23 of the 39 patients with no symptoms at the time of health examina-
tion. Sixteen patients were found to have pancreatic carcinoma during follow-up 
for other disorders. The most frequent findings among the patients identified at 
the time of health examination were main pancreatic duct dilatation or tumor 
mass, which were detected in 13 patients by ultrasonography. Elevation of tumor 
marker (CA19-9) was found in three patients; elevation of hepatic and biliary 
enzymes, elevation of pancreatic enzymes, and impaired glucose tolerance were 
found in two patients each. Among the patients found to have pancreatic carci-
noma during follow-up for other disorders, the most frequent disorders were 
diabetes in six patients and chronic pancreatitis in two patients. It was pointed 
out that five out of six patients for diabetic patients were exacerbation of di-
abetes. 

3.3. Examination Findings 

Although abnormal levels of CA19-9 were found in 33 patients (50.8%), a high 
level of carcinoembryonic antigen (CEA) was found in only 16 patients (24.6%) 
(Table 3). The rates of visualization of the tumor mass and of detection of main 
pancreatic duct dilatation by ultrasonography were 83.1% and 96.9%, respec-
tively. The rates of visualization of the tumor mass and of detection of main 
pancreatic duct dilatation by computed tomography (CT) were 66.2% and 
95.4%, respectively. The rate of visualization of the tumor mass by magnetic re-
sonance imaging (MRI) was 56.9%, and the rate of detection of main pancreatic 
duct dilatation by magnetic resonance cholangiopancreatography (MRCP) was 
95.4%. The rate of detection of main pancreatic duct dilatation by endoscopic  
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Table 1. Patients background. 

cases 65 

sex (men/female) 31/34 

age (mean) 52-86 (69.0) 

tumor-occupied site 
 

head 39 

body-tail 26 

operation 
 

pancreaticoduodenectomy 38 (including 1 case for portal resection) 

distal pancreatectomy 25 (including 1 case for portal resection) 

 
Table 2. Reasons for visit hospital. 

symptom 26 cases (40.0%) no symptom 39 cases (60.0%) 

pain 16 health examination 23 cases (35.4%) 

jaundice 6 ultrasonography 13 

abdominal discomfort 2 elevation of tumor marker (CA19-9) 3 

weight loss 2 elevation of hepatic and biliary enzyme 2 

  
elevation of pancreatic enzyme 2 

  
impaired glucose tolerance 2 

  
follow-up for other disorders 16 cases (24.6%) 

  
diabetes 6 

  
chronic pancreatitis 2 

  
et al. 8 

 
Table 3. Examination findings. 

modality tumor mass pancreatic duct dilatation 

US 83.1% 96.9% 

CT 66.2% 95.4% 

MRI 56.9% 95.4% 

ERCP － 95.7% 

EUS 92.9% 100% 

 
retrograde cholangiopancreatography (ERCP) was 95.7%. The rate of detection 
of class IV or V tumors by brush cytology was 45.2%. The rates of visualization 
of the tumor mass and of detection of main pancreatic duct dilatation by endos-
copic ultrasound (EUS) were 92.9% and 100%, respectively. 

3.4. Histopathological Findings 

Tumor size ranged from 1 to 20 mm (average, 16.3 mm), including seven tumors 
≤ 10 mm (Table 4). There were 20 T1 tumors and 45 T3 tumors. Seventeen pa-
tients (26.2%) were positive for lymph node metastasis: stage 1A, 17 patients  
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Table 4. Histopathological findings. 

size 1 - 20 mm (mean 16.3) 

T Tis 0 

 
T1 20 (30.8%) 

 
T2 0 

 
T3 45 (69.2%) 

 
T4 0 

N N0 48 (73.8%) 

 
N1 17 (26.2%) 

Stage Stage 0 0 

 
Stage IA 17 (26.2%) 

 
Stage IB 0 

 
Stage IIA 31 (47.7%) 

 
Stage IIB 17 (26.2%) 

 
Stage III 0 

 
Stage IV 0 

 
(26.2%); stage 2A, 31 patients (47.7%); stage 2B, 17 patients (26.2%).  

3.5. Treatment Outcomes 

The median survival time for the 65 patients with TS1 pancreatic carcinoma was 
29.7 months; the 1-, 2-, and 5-year survival rates were 89.2%, 61.5%, and 23.1%, 
respectively. Twenty-eight patients (43.1%) had a recurrence of cancer; the me-
dian period from operation to recurrence was 345 days (range, 75 to 1794 days). 
The site of recurrence was 24.6% local, 9.2% hepatic, 4.6% pulmonary, and 3.1% 
peritoneal. We divided the patients into a recurrence group and a nonrecurrence 
group and compared their histopathological characteristics (Table 5). On univa-
riate analysis, the recurrence group had significantly higher rates of retroperito-
neal tissue invasion, pancreatic neural invasion, venous invasion, lymphatic in-
vasion, and lymph node metastasis. There were no significant differences be-
tween the groups in histological grade or residual tumor. In multivariate analy-
sis, pancreatic neural invasion was an independent risk factor for recurrence 
(odds ratio, 6.333; 95% CI, 1.834 - 21.872; p = 0.004). 

4. Discussion 

Although pancreatic carcinoma generally has a poor prognosis, the 5-year sur-
vival rate is 80.4% for cases in which the tumor had a diameter ≤ 10 mm at di-
agnosis [1]. Thus, early detection is important to improve the prognosis of pan-
creatic carcinoma [1]. However, most pancreatic carcinomas are detected as 
progressive cancers, even with current advanced diagnostic imaging systems. 
The purpose of this study was to present a clinically valuable method of verifying  
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Table 5. Histopathological factors. 

 
univariate analysis multivariate analysis 

 
recurrence group non-recurrence group p Value RR (95% CI) p Value 

 
28 37 

   
CH+ 6 5 0.304 

  
DU+ 1 1 0.68 

  
S+ 8 6 0.185 

  
RP+ 19 16 0.042 

  
PV+ 7 4 0.12 

  
A+ 0 1 0.569 

  
PL+ 3 2 0.368 

  
N+ 11 6 0.035 

  
ne 24 18 0.002 6.333 (1.834 - 21.872) 0.004 

ly 22 18 0.013 
  

v 22 20 0.036 
  

CH; Bile duct invasion, DU; Duodenal invasion, S; Serosal side of the anterior pancreatic tissue invasion, 
RP; Retropancreatic tissue invasion, PV; Portal venous system invasion, A; Arterial system invasion, PL; 
Extrapancreatic nerve plexus invasion, N; lymph node metastasis, ne; neural invasion, ly; lymphatic inva-
sion, v; venous invasion. 

 
early detection of TS1 pancreatic carcinoma by clarifying patient characteristics 
and their reasons for visiting the hospital. 

It is difficult to determine whether a person develops pancreatic carcinoma 
due to diabetes or vice versa. However, in clinical practice we often find pan-
creatic carcinoma in cases of worsening diabetes. A meta-analysis of 88 papers 
found that the risk of pancreatic carcinoma was 1.97 times greater in diabetic 
patients than in nondiabetic patients. Therefore, a person with onset of diabetes 
within 1 year would have a higher risk of pancreatic carcinoma (6.69 times) than 
a 10 year-diabetic patient (1.36 times) [3]. In our study, 8 of 39 patients with no 
symptoms (20.5%) had diabetes or impaired glucose tolerance. In addition to 
diabetes, smoking and obesity are risk factors for pancreatic carcinoma [4]. A 
relation between chronic pancreatitis and pancreatic carcinoma has also been 
pointed out for years, and the prevalence rate can be extremely high (6.9 to 16.5 
times) [5] [6]. We report only two cases of chronic pancreatitis in this study, but 
chronic pancreatitis can be a high risk factor for onset of pancreatic carcinoma. 
These findings suggest that persons with diabetes or chronic pancreatitis, which 
are risk factors for pancreatic carcinoma, should undergo periodic screening for 
early detection of pancreatic carcinoma.  

Ultrasonography is a useful screening method with low cost and low invasion. 
The rate of visualization of the tumor mass with abdominal ultrasonography for 
TS1 pancreatic carcinoma was 83.1%, but the rate of detection of main pancrea-
tic duct dilatation was extremely high at 96.9%. Tanaka et al. [7] reported that 
dilatation of the main pancreatic duct by 2.5 mm or more detected by ultraso-
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nography indicated a high risk of pancreatic carcinoma. For other modalities, 
the rate of visualization of the tumor mass with CT and MRI was approximately 
60%, but it was over 90% for dilatation of the main pancreatic duct. It was also 
reported that indirect findings were recognized, such as dilatation of the main 
pancreatic duct found in 88% of cases of pancreatic carcinoma (≤20 mm) [8]. 
CT and MRI may be useful for detailed examination, but not for screening be-
cause of their costs and the risk of radiation exposure. Since main pancreatic 
duct dilatation can be found accidentally during follow-up for other disorders, it 
is crucial to provide an appropriate detailed examination to avoid overlooking 
the disorder.  

Pancreatic enzymes, such as traditional tumor markers (e.g., CA19-9, CEA), 
amylase, elastase, and DUPAN-2, are of limited usefulness for early diagnosis of 
pancreatic carcinoma. CA19-9 can be helpful for distinguishing good from bad 
tumors, determining resectability, predicting prognosis, and monitoring thera-
peutic effect, but it is less useful for early diagnosis [9] [10]. The positive rates of 
CEA and CA19-9 in TS1 pancreatic carcinoma are only 24.6% and 50.8%, re-
spectively. Recent studies reported that mutation of microRNAs could be useful 
to detect pancreatic carcinoma [11] [12], and clinical applications of this method 
are expected in the future. 

EUS may be the most effective method for detailed examination of a patient 
who has shown an abnormal result in the screening process. The rates of visua-
lization of the tumor mass and of detection of main pancreatic duct dilatation 
with EUS were 92.9% and 100%, respectively. Maguchi et al. [13] reported that 
the tumor detection rate of TS1 pancreatic carcinoma (≤2 mm) was 100%. Di-
agnosis by EUS-guided fine needle aspiration (EUS-FNA) at the time of tumor 
detection had a sensitivity of 85% to 94%, a specificity of 100%, and an accuracy 
of 95% [14] [15]. However, we should keep in mind that the accuracy would be 
lower for tumors ≤ 1 mm [16]. ERCP detected almost all cases of dilatation of 
the main pancreatic duct. However, the sensitivity and specificity of this method 
were not high, and there were frequent false-positive cases [17]. The positive rate 
of abrasive cytology was 45.2% in our study, and when considering complica-
tions such as pancreatitis in ERCP, the necessity for execution of ERCP in TS1 
pancreatic carcinoma would be lower.  

The reason for the extremely poor prognosis of pancreatic carcinoma is the 
high recurrence rate after curative resection [18]. Sperti et al. [19] reported a 
2-year recurrence rate of 95%, with rates of 71.8% for local recurrence and 61.5% 
for hepatic recurrence. Other studies have reported rates of local and hepatic 
recurrence of 87% to 92% and 66% to 92%, respectively [20] [21] [22]. We found 
a recurrence rate of TS1 pancreatic carcinoma of 43.1%, which was lower than 
the overall rate for pancreatic carcinoma. The rates of local and hepatic recur-
rence were 24.6% and 9.2%, respectively. Pancreatic neural invasion was an in-
dependent histopathological risk factor for recurrence (odds ratio, 6.333; 95% 
CI, 1.834 - 21.872; p = 0.004). Reported risk factors for recurrence of pancreatic 
carcinoma include stage of progression, tumor size, tissue type, and residual tu-
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mor [23] [24] [25]. However, we have found no published reports on risk factors 
for recurrence of small pancreatic carcinomas. The results of this study demon-
strate the importance of local control by surgery as well as control of local re-
currence by adjunctive therapy in cases of TSI pancreatic carcinoma.  

5. Conclusion 

To screen for TS1 pancreatic carcinoma, the study first examined the main pan-
creatic duct dilatation by ultrasonography and then conducted a detailed ex-
amination using endoscopic ultrasound. Patients with pancreatic neural invasion 
require careful attention for local recurrence.  
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