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Abstract Diagnosis of pancreatic cancer (PC) at an early

stage with curative surgery is the approach with the

potential to significantly improve long-term patient out-

come. Recently, some reports showed that patients with

pancreatic tumors smaller than 10 mm showed a favorable

prognosis. However, the rate of tumor detection on com-

puted tomography in patients with small pancreatic tumors

is low. For the diagnoses of PC with tumors smaller than

10 mm, the rate of tumor detection was higher on endo-

scopic ultrasonography (EUS) than on computed tomog-

raphy or other modalities, and histologic diagnosis using

EUS-guided fine-needle aspiration was helpful in con-

firming the diagnosis. For the diagnosis of PC in situ, EUS

and magnetic resonance cholangiopancreatography may

play important roles in detecting the local irregular stenosis

of the pancreatic duct. Endoscopic retrograde pancreatog-

raphy and sequential cytodiagnosis using pancreatic juice

obtained by endoscopic nasopancreatic drainage multiple

times was useful in the final diagnosis of PC in situ. At

present, improving survival lies in identifying those indi-

viduals with high-risk factors or precursor lesions through

an effective screening method. For example, these should

include ultrasonography, various biological markers, or

national familial pancreatic cancer registration. Addition-

ally, the relationship between specialists in PC from

medical centers and practicing physicians plays an impor-

tant role in the early diagnosis of PC.
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Introduction

Patients with pancreatic cancer (PC) have an extremely

poor prognosis, given that in many of them PC is diagnosed

at an advanced stage. In Japan, more than 26,000 patients

died of PC in 2011 [1]. This poor prognosis is attributed to

the difficulty in diagnosing PC early [2, 3]. It has been

suggested that many cases of PC arise from the branch

ducts [4]. The diameter of the main pancreatic duct (MPD)

is about 2 or 3 mm in an adult. If small duct cell pancreatic

carcinoma is present in the branch of the pancreatic duct,

the small cystic lesion or the dilatation of the duct would be

detected because of the obstruction.

According to the recent Japan Pancreatic Cancer Reg-

istry (JPCR), the 5-year survival rate of patients with

tumors smaller than 10 mm reached 80.4 % [5]. If the

tumor is 10 mm or smaller, most of the cases are Union for

International Cancer Control (UICC) stage Ia, with a

favorable 5-year survival (68.7 %). However, only a few

patients with tumors smaller than 10 mm have been reg-

istered in the JPCR.

Part of this review was presented at The 4th International Forum of

the 100th General Meeting of the Japanese Society of

Gastroenterology.
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In this article, we present a review of the current topics

and problems regarding the early diagnosis of PC.

Risk factors for PC

In Japan, the clinical guidelines for PC based on evidence-

based medicine were published by the Japan Pancreas

Society (JPS) in 2006 and were revised to the third version

in 2013 [6]. The guidelines show an algorithm for the

diagnosis and treatment of PC. In the session of clinical

question 1, some risk factors were suggested for the

development of PC (Table 1). There are a few reports on the

development of PC during the follow-up of patients with

branch duct intraductal papillary mucinous neoplasms (IP-

MNs) [7, 8] or pancreatic cysts [9]. Uehara et al. [7]

reported that the 5-year rate of PC development was 6.9 %

during follow-up of patients with branch duct IPMNs. Tada

et al. [9] reported that patients with pancreatic cystic lesions

were at a high risk of PC, with a standardized incidence rate

of 22.5 %. A multicenter study from a working group of the

JPS recently reported that PC distinct from branch duct

IPMNs developed in seven (2.0 %) of 349 patients during

the follow-up period (median 3.7 years) [10]. From these

reports, the guidelines recommended that IPMNs and pan-

creatic cysts should be carefully followed as premalignant

diseases of PC [6]. Additionally, another JPS working group

reported that PC concomitant with IPMN may have more

favorable biological behaviors or may be diagnosed earlier

than ordinary PC [11]. These reports suggest that the regular

follow-up of IPMN patients may play an important role in

the early diagnosis of PC.

Surveillance of high-risk groups

With regard to family history, the National Familial Pan-

creas Tumor Registry at Johns Hopkins Hospital reported

that the risk of PC was 6.79-fold higher in the relatives of

patients with familial PC, 2.41-fold higher in relatives of

patients with sporadic PC, and 2.14-fold higher in spouses

of patients with PC [12]. Canto et al. [13] have reported

that endoscopic ultrasonography (EUS)-based screening of

asymptomatic high-risk individuals (familial PC relatives)

can detect prevalent resectable cases of PC. Tumor syn-

dromes associated with an increased risk of PC include

familial atypical multiple mole melanoma, hereditary

breast cancer (BRCA2), Lynch syndrome, p16 Leiden

mutation, and Peutz–Jeghers syndrome. The risk of PC

ranges from 5 % in individuals with BRCA2 mutation to

36 % in individuals with Peutz–Jeghers syndrome [14–16].

However, the optimal strategy for surveillance in high-risk

groups has not been determined. Poley et al. [17] observed

asymptomatic PC in three patients (7 %), including one

patient with stage I PC, and IPMN-like lesions in six

patients (16 %) using EUS in a heterogeneous group of 44

individuals at high risk of PC. During surveillance of 73

p16 Leiden mutation carriers via magnetic resonance

imaging (MRI) and magnetic resonance cholangiopancre-

atography (MRCP), with a median follow-up period of

4 years, precursor lesions were observed in nine patients

and PC was observed in seven patients, including four

patients with tumors smaller than 20 mm [18]. An effective

screening strategy for the high-risk groups should be

published. In Japan, JPS initiated the familial pancreas

tumor registry for the early diagnosis of PC in July 2013.

Screening strategies

Biomarkers

With regard to blood-based biomarkers, carbohydrate

antigen 19-9 (CA19-9) remains the most commonly used

tumor biomarker for following the therapeutic outcomes of

PC. However, there are several concerns with its use. Only

50 % of cases of PC with tumors smaller than 20 mm are

associated with a rise in CA19-9 levels [19]. In addition, its

levels are also increased in other gastrointestinal malig-

nancies and benign pancreatic diseases. Other serum tumor

markers such as carcinoembryonic antigen, Duke pancre-

atic monoclonal antigen type 2 (DUPAN-2), elastase 1, and

SPan-1 could also be used, but with the same caveat [20].

Many putative markers have failed to meet their initial

promise for the early diagnosis of PC. Attempts are being

made to identify a panel of biomarkers based on genetic,

immunological, and biochemical changes in PC.

Human serum metabolomics using gas chromatogra-

phy–mass spectrometry has been reported to be useful

for discriminating patients with PC from healthy volun-

teers [21]. Kobayashi et al. [22] developed a serum

Table 1 Risk factors for pancreatic cancer

Family history

Pancreatic cancer

Hereditary pancreatic cancer syndrome

Accompanying diseases

Diabetes mellitus

Obesity

Chronic pancreatitis

Hereditary pancreatitis

Intraductal papillary mucinous neoplasm

Pancreatic cysts

Habits

Tobacco use

Heavy drinking
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metabolomics-based diagnostic model for PC using mul-

tiple logistic regression analysis. This model possessed

higher accuracy than conventional tumor markers espe-

cially in diagnosing resectable PC. It is a promising method

for improving the prognosis of PC via its early diagnosis

and accurate discrimination from chronic pancreatitis.

Recent research has revealed that microRNAs (miRNAs)

play an important role in the initiation, progression, and

metastasis of cancer. As for the early diagnosis of PC, Yu

et al. [23] detected altered expression in 35 of 700 miRNAs

in PanIN-3 lesions using quantitative real-time PCR. Fur-

ther studies are warranted to profile the relationship

between miRNAs and the stage of PC for their clinical use

as biomarkers. Profiling miRNA in serum or pancreatic

juice collected by endoscopic retrograde cholangiopan-

creatography (ERCP) may be regarded as the best prospect

for miRNA-based biomarker development [23, 24].

As for the endoscopic approach, Mori et al. [25] estab-

lished a minimally invasive and simple screening test for

early-stage PC using the duodenal juice. After the side-

view endoscope had been positioned in the second portion

of the duodenum, duodenal juice was collected for 5 min

by gentle pushing of the duodenal mucosa using an ERCP

cannula. The sensitivity of CEA and that of S100P, a small

protein composed of 95 amino acids, in duodenal juice to

diagnose PC were higher than the sensitivities of serum

tumor markers or duodenal juice cytology. More studies

should focus on identifying the altered genetic and

molecular expression profiles of various proteins for the

diagnosis of PC at an early stage.

Screening programs for high-risk individuals

Recently, there have been multiple programs developed for

the screening of PC in high-risk individuals in a research

setting. The largest program is Cancer of the Pancreas

Screening (CAPS) led by Johns Hopkins University [13].

In the CAPS 1 study, 36 patients were screened using only

EUS. Six masses were found, two of which had malignant

and premalignant lesions. The diagnostic yield of screening

was 5.3 %, and all patients were alive after surgical therapy

for more than 5 years [13]. In the CAPS 2 study, screening

was performed prospectively using annual EUS and com-

puted tomography (CT). If there was an abnormal finding,

ERCP was offered. Seventy-eight high-risk patients and

149 controls were examined. The diagnostic yield of

screening was 10 %. Eight patients had confirmed pan-

creatic neoplasms as determined after surgery and using

EUS-guided fine-needle aspiration (EUS-FNA) [26]. In the

CAPS 3 study, researchers screened 216 adult asymptom-

atic high-risk individuals for PC at five American academic

medical centers using CT, MRI, and EUS. Ninety-two of

these individuals had at least one pancreatic mass or a

dilated pancreatic duct. CT, MRI, and EUS revealed

abnormal pancreatic findings in 11, 33, and 43 % of high-

risk individuals, respectively. These abnormal findings

were proven or suspected neoplasms in 85 patients. Among

these patients, three had high-grade dysplasia in IPMNs or

multiple intraepithelial neoplasms [27]. These results sug-

gested that screening of asymptomatic high-risk individu-

als for PC may frequently reveal small cystic lesions,

including curable noninvasive neoplasms, and that EUS

and MRI may be better than CT for the early diagnosis of

pancreatic neoplasms [28]. Kamata et al. [29] reported the

value of EUS in early diagnosis of PC in patients with

IPMN. The 102 patients whose branch duct IPMNs lacked

mural nodules/symptoms and thus did not qualify for

resection were followed up using semiannual EUS and

annual ultrasonography, CT, and MRI. Eleven IPMN-

concomitant PCs were diagnosed at the first examination.

Additionally, seven IPMN-concomitant PCs (whose tumor

sizes ranged from 7 to 30 mm) were detected during fol-

low-up. The 5-year survival rates for IPMN-concomitant

PC development were 8.8 %. Throughout the study period,

including at follow-up, EUS was significantly better at

detecting IPMN-concomitant PCs than other modalities.

Further studies and evidence are warranted to clarify how

to treat patients with abnormal findings.

Imaging of PC with tumors smaller than 10 mm

Surprising advances were reported in many imaging

modalities, including ultrasonography, EUS, CT, MRI,

endoscopic retrograde pancreatography (ERP), and 18F-

fluorodeoxyglucose positron emission tomography (FDG-

PET) in the previous 10 years. Imaging is involved in all

aspects of clinical management of PC, including diagnosis

and characterization of the tumor. However, these modal-

ities often fail to detect tumors smaller than 10 mm. The

sensitivity and accuracy of the diagnosis of small pancre-

atic tumors has been improved significantly; however, it is

still difficult to diagnose PC at an early stage.

Ultrasonography is a noninvasive imaging modality

with a high resolution even without the use of any contrast

media. Tanaka et al. [30] reported that a slight dilatation of

the MPD (2.5 mm or more) and pancreatic cysts (5 mm or

more) observed on ultrasonography were very important

predictive signs of PC. They diagnosed PC in 12 patients

(including three patients with stage 0 disease and two

patients with stage IA disease) among 1,058 prospective

follow-up patients (mean follow-up 75.5 months) and also

recommended periodic checkups at least once a year for

individuals with slight dilatation of the MPD or pancreatic

simple cysts. However, ultrasonography may have some

limitations in the early diagnosis of PC. The entire
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pancreas is difficult to visualize clearly on ultrasonography,

and small tumors located in the head or tail are especially

difficult to visulaize.

For multidetector row CT for the diagnosis of tumors

smaller than 10 mm, the sensitivity ranged from 33 to 44 %

[31, 32]. Takeshita et al. [33] reported CT findings in eight

patients (including two with tumors smaller than 10 mm).

Early PC appeared as low attenuation in the early phase and

as high attenuation to isoattenuation during the pancreatic

and delayed phases with regard to the tumor size. They also

reported that associated pancreatitis occurred in six patients

with tumors measuring 12 mm or more, and that loss of

normal lobular texture was observed in four patients with a

tumor measuring 14 mm or more. Additionally, focal ste-

nosis or obstruction of the MPD with dilatation of the distal

MPD observed on curved reformation imaging may be

important in the early diagnosis of PC. Hijioka et al. [34]

reported a patient with a small pancreatic tumor measuring

15 mm 9 10 mm. The tumor was markedly enhanced in the

late phase of the scans of dynamic CT and MRI. Fibrous

tissues were sparsely distributed in the tumor, and there was

an increase in the number of dilated veins at the margin.

These results suggested that marked tumor enhancement in

the late phase on CT or MRI may be a characteristic finding

of PC at an early stage.

FDG-PET is a noninvasive functional imaging technique

that exploits the difference in the biochemistry of normal and

abnormal tissues [35]. There have been a few reports indi-

cating the value of FDG-PET in the diagnosis of small

pancreatic tumors. Previously, two studies reported that the

sensitivity of FDG-PET for tumors smaller than 20 mm

ranged from 81.3 to 100 % [36, 37]. However, Matsumoto

et al. [38] conducted a retrospective study on data collected

from 232 consecutive patients with suspected PC from 2006

to 2012. FDG-PET detected only 50 % of stage 0 and stage I

tumors, suggesting that FDG-PET was not effective in

diagnosing early-stage PC. Further studies are warranted to

clarify the value of FDG-PET during the diagnosis of pan-

creatic tumors smaller than 10 mm.

Among various imaging modalities, EUS has a higher

imaging resolution that makes possible the diagnosis of

small pancreatic tumors [39, 40]. Recently, many institu-

tions have used EUS as their standard procedure because of

its ability to detect tumors smaller than 10 mm [41, 42].

The sensitivity of detecting tumors on EUS in 25 PC

patients with tumors smaller than 10 mm collected from

eight Japanese high-volume centers was 84 % [31]. Sa-

kamoto et al. [32] reported that the sensitivity of detecting

tumors in six PC patients with tumors smaller than 10 mm

was 100 % for EUS, 17 % for ultrasonography, and 33 %

for contrast-enhanced CT. Yasuda et al. [43] retrospec-

tively examined data on 132 patients with risk factors for

PC, such as increased levels of tumor markers and/or

pancreatic enzymes, and they dilated the MPD without an

identifiable pancreatic mass on CT. Pancreatic tumors

smaller than 10 mm on EUS were subsequently diagnosed

in three patients. These results suggested that EUS should

be recommended for early diagnosis of pancreatic tumors

smaller than 10 mm with the dilatation of the MPD

detected using previous imaging tests. Recently, EUS-FNA

has been popular for cytological or histological confirma-

tion of PC. Uehara et al. [44] reported that the accuracy of

EUS-FNA was 96 % in 23 pancreatic masses smaller than

10 mm. In six lesions, 22-gauge needles were used and, in

17 lesions, 25-gauge needles were used. Takagi et al. [45]

also reported the high accuracy of EUS-FNA (93 %) in 14

pancreatic masses smaller than 10 mm. EUS-FNA is con-

sidered to be useful in the confirmation of pancreatic

tumors smaller than 10 mm.

Diagnosis of pancreatic carcinoma in situ

According to the recent JPCR, the 5-year survival rate of

patients with UICC stage Ia PC is 68.7 %, and that of

patients with UICC stage 0 PC is 85.8 % [5]. The survival

rate of patients with stage Ia PC has not been sufficiently

compared with that of patients with cancers of other

organs; therefore, PC needs to be diagnosed at an earlier

stage. The possibility of diagnosing a carcinoma located in

the mucosa of the pancreatic duct may greatly improve the

prognosis of PC. It has been difficult to diagnose pancreatic

carcinoma in situ (PCIS) without the presence of a formed

mass using various imaging modalities. There were a few

reports on using imaging modalities to diagnose PCIS.

Localized stenosis, focal ductal branch dilatation, and

distal dilatation of the MPD were frequently detected on

EUS and MRCP [46, 47]. Seki et al. [48] evaluated the

ERCP findings of seven patients with PCIS. Irregularity,

noncontinuous narrowing, granular defects, and dilatation

were frequently observed on ERCP. Ikeda et al. [49]

reported the value of balloon spot pancreatography for the

diagnosis of small pancreatic tumors and the possibility of

diagnosing PCIS located at the branch ducts. As for path-

ological findings of PCIS using resected specimens,

localized pancreatitis has been reported in the parenchyma

around PCIS and atypical epithelium [50–52]. EUS may

make possible the diagnosis of localized pancreatitis

around PCIS as a slightly low echoic lesion [47]. Further

studies are warranted to confirm this possibility. Recently,

some cases of PCIS have been diagnosed by cytodiagnosis

using pancreatic juice [53, 54]. Mikata et al. [55] investi-

gated 60 patients with pancreatic disease (including two

patients with PCIS) using endoscopic nasopancreatic

drainage (ENPD) multiple times. A 5-Fr or 6-Fr ENPD

tube was placed into the MPD for up to 3 days, and
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cytological samples of pancreatic juice were collected up to

six times in total. The sensitivity of the ENPD method for

PCIS was 100 % (two or two patients). Kimura et al. [56]

investigated 157 patients with pancreatic disease (including

three patients with PCIS) using ENPD multiple times. A

5-Fr ENPD tube was placed into the MPD for 1 day, and

cytological samples of pancreatic juice were collected up to

three times in total. The sensitivity of the ENPD method

for PCIS was 100 % (three of three patients). We investi-

gated 20 patients presenting with focal stenosis and distal

dilatation of the MPD (including seven patients with PCIS)

using ENPD multiple times. A 5-Fr ENPD tube was placed

for 1 day, and cytological samples were collected up to six

times in total (Fig. 1). The results of ENPD cytodiagnosis

and PC diagnosis showed a sensitivity of 100 %, a speci-

ficity of 83.3 %, and an accuracy of 95 %. In these 20

patients, no acute pancreatitis after ENPD tube placement

occurred [51]. For the early diagnosis of PC with long-term

survival, clinical guidelines for PC (2013) recommend the

following: First, dilatation of the MPD and the presence of

cysts are important indirect signs. MRCP and EUS are

recommended, even when ultrasonography and CT fail to

detect a mass directly. Second, when localized stenosis of

the MPD is observed on the abovementioned imaging

workup, ERCP with repeated cytology of the pancreatic

juice is recommended [6].

Relationship between specialists from medical centers

and general practitioners for early diagnosis of PC

The uneven distribution of specialists in pancreatic disease

in Japan creates a disadvantage for rural and remote

patients with PC, who may not receive a standard

Fig. 1 An 82-year-old man with pancreatic carcinoma in situ (PCIS).

Contrast-enhanced computed tomography (a) and magnetic resonance

cholangiopancreatography (b) demonstrate irregular stenosis of the

main pancreatic duct in the pancreatic body. Endoscopic ultrasonog-

raphy indicated the stenosis with mild dilatation of the upstream duct

(c). Endoscopic retrograde pancreatography revealed short irregular

stenosis of the MPD in the pancreatic body (d), An endoscopic

nasopancreatic drainage tube was placed for 1 day, and cytological

samples were collected six times, revealing adenocarcinoma (e). After

distal pancreatectomy (f), pathological examination showed PCIS

located at the irregular stenosis of the main pancreatic duct, with focal

pancreatitis around PCIS (g, h). Carbohydrate antigen 19-9 (i) and

p53 (j) tests were positive for PCIS. Red dots indicate the position of

PCIS (d, f)
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diagnosis. To resolve this problem, the relationship

between specialists in PC (SPC) from medical centers and

general practitioners is considered very important. Addi-

tionally, regional social programs should be established for

the early diagnosis of PC in patients located in rural areas.

Onomichi City is one of the rural cities located on the

eastern side of Hiroshima prefecture in western Japan, and

its total population is about 150,000. Onomichi Medical

Association has experienced difficulty in treating patients

because of a lack of specialists in pancreatic disease despite

an increasing number of patients with PC. In 2007, Ono-

michi Medical Association attempted to establish a social

program for the early diagnosis of PC, with collaborations

between SPC from medical centers and general practitio-

ners (Onomichi Project) [57]. First, SPC from medical

centers educated general practitioners about the risk factors

of PC, abnormal ultrasonography findings, the importance

of elevated serum levels of pancreatic enzymes, and the

importance of repeated MRCP and EUS. Simultaneously, if

general practitioners experienced a patient with the

abovementioned problems, they aggressively consulted

SPC from medical centers to check the entire lesion of the

pancreas (Fig. 2). SPC first performed CT, MRCP, or EUS.

If these imaging examinations revealed a mass in the

pancreas, EUS-FNA was performed. If they revealed

irregular stenosis in the MPD or revealed dilatation of the

branch duct, ERCP was performed after informed consent

had been obtained from the patient. If irregular stenosis of

the MPD was observed on ERCP, the cytodiagnosis using

pancreatic juice obtained by ENPD multiple times was

performed (Fig. 3). From January 2007 to June 2013, 4,969

patients had consultations with SPC at our hospital. CT,

MRI, and EUS were performed in 4,157, 2,303, and 1,692

patients, respectively. Among these, ERP was performed in

550 patients. ENPD and repeated cytology using pancreatic

juice were performed in 59 patients. EUS-FNA was per-

formed in 257 patients. As a result, adenocarcinoma was

diagnosed in 338 patients. Surprisingly, of these patients,

13 had stage 0 PC (PCIS) and 26 had stage Ia or stage Ib

PC (Fig. 4). For the detection of the early stages of PC, the

relationship between SPC from medical centers and gen-

eral practitioners in rural areas will play an important role

in the future [57–59].

Conclusions

For the diagnosis of PC with tumors smaller than 10 mm,

the rate of tumor detection was higher with EUS than with

CT or other modalities, and the histologic diagnosis using

EUS-FNA was helpful in confirming the diagnosis. For the

Fig. 2 The concept of the relationship between specialists in

pancreatic cancer and general practitioners. CT computed tomogra-

phy, EUS endoscopic ultrasonography, MRCP magnetic resonance

cholangiopancreatography, US ultrasonography

Fig. 3 The algorithm of the Onomichi Project for the early diagnosis

of pancreatic cancer. CT computed tomography, ENPD endoscopic

nasopancreatic drainage, ERCP endoscopic retrograde cholangiopan-

creatography, EUS endoscopic ultrasonography, FNA fine-needle

aspiration, MPD main pancreatic duct, MRCP magnetic resonance

cholangiopancreatography, PD pancreatic duct, US ultrasonography

Fig. 4 The results of the Onomichi Project for the early diagnosis of

pancreatic cancer. ENPD endoscopic nasopancreatic drainage, ERCP

endoscopic retrograde cholangiopancreatography, EUS endoscopic

ultrasonography, FNA fine-needle aspiration, MDCT multidetector

row computed tomography, MRCP magnetic resonance

cholangiopancreatography
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diagnosis of PCIS, EUS and MRCP play important roles in

detecting local irregular stenosis of the pancreatic duct.

ERP and sequential cytodiagnosis using pancreatic juice

obtained by ENPD multiple times was useful in the final

diagnosis of PCIS. Improving survival lies in identifying

those individuals with high-risk factors or precursor lesions

through an effective screening program. Effective screen-

ing programs should be established using methods

involving ultrasonography, various biological markers, or

national familial PC registration. Additionally, the rela-

tionship between SPC from medical centers and general

practitioners plays an important role in the early diagnosis

of PC.
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