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ABSTRACT
Background: One of the major genetic alterations in pancreatic ductal 

adenocarcinoma (PDAC) is the point mutation of K-ras gene. Plectin-1 was also 
recently identified as PDAC specific biomarker. The aim of this study was to investigate 
the improvement of diagnostic accuracy of endoscopic ultrasound-guided fine needle 
aspiration (EUS-FNA) by using additional K-ras mutation analysis and Plectin-1 
staining in patients with pancreatic mass. 

Methods: A total of 85 study patients with pancreatic mass underwent EUS-FNA 
and the final diagnoses were as follows; PDACs: 70 patients, pancreas neuroendocrine 
tumor: 4, metastasis to pancreas: 5, autoimmune pancreatitis: 3, chronic pancreatitis: 
1, tuberculous lymphadenitis: 1, pseudocyst: 1. 

Results: Sensitivity, specificity and accuracy of pathologic diagnosis in EUS-
FNA specimen were 81%, 80% and 79% accordingly. When we combine K-ras gene 
mutation analysis with histological assessment, we could get the following results 
for sensitivity, specificity and accuracy; cytology and K-ras mutation analysis: 93%, 
87%, and 92%, cytology, K-ras mutation analysis, and Plectin-1 staining: 96%, 93%, 
and 95%. 

Conclusions: Triple combinations of the techniques; cytology, K-ras gene 
mutation analysis, Plectin-1 staining could increase accuracy in diagnosis of PDACs. 
Further investigation of using minimal specimens from EUS-FNA may give us insight 
to understand the biological behavior of PDAC.

INTRODUCTION

Pancreatic cancer remains an incurable and rapidly 
lethal cancer, with a 5-year survival rate of less than 
5% and a median survival of less than 1 year [1]. This 
grim prognosis is mostly due to the cancer’s aggressive 
biological behavior with early invasion and metastasis, 

leading to an initial diagnosis at an advanced incurable 
stage in more than 80% of patients [2]. After high 
throughput next-generation sequencing technique has 
been introduced, the genetic evolution of pancreatic 
ductal adenocarcinoma (PDAC) has revealed that it takes 
15 to 20 years to develop, even those patients undergoing 
potentially curative pancreatic resection will die of 
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metastatic disease [3]. Despite recent discovery, still little 
is known about biology of PDAC progression due to the 
problems with tissue availability and usually insufficient 
quantity of tissue available for diagnosis and study. Also, 
several uncommon primary pancreatic tumors (pancreatic 
neuroendocrine tumors, pancreatic cystic neoplasms), 
inflammatory conditions (focal chronic pancreatitis, 
autoimmune and groove pancreatitis), metastasis to 
the pancreas and peripancreatic masses can mimic the 
appearance of PDAC [4]. Endoscopic ultrasound-guided 
fine-needle aspiration (EUS-FNA) is the most helpful tool 
for differentiation between these lesions and PDAC while 
avoiding unnecessary surgery. Therefore, EUS-FNA has 
become one of the most important diagnostic modality to 
confirm tissue diagnosis in patients with pancreatic mass. 
The diagnostic yield of EUS-FNA for solid pancreatic 
masses is 70% to 83% [5-9]. To improve diagnostic 
accuracy and acquire sufficient quantity of tissue from 
EUS-FNA are the corner stone of the evaluation and 
treatment of the patient with suspected pancreatic cancer. 
During pancreatic cancer tumorigenesis, many genetic 
and epigenetic alterations occur. One of the key features 
of genetic basis of PDAC is the point mutation of KRAS 
oncogene occurred in over 90 % of its pathogenesis 
[10]. Many studies have reported that KRAS mutation 
analysis with EUS-FNA appears to be very accurate at 
differentiating between benign and malignant pancreatic 
lesions [11-17]. Plectin-1 was also recently identified 
as PDAC specific biomarker [18]. It was reported that 
Plectin-1 was helpful to identify primary and metastatic 

PDAC and detect preinvasive pancreatic intraepithelial 
lesions-3 (PanIN III)[19].

The aim of presented work was to investigate 
techniques using minimal specimen acquired by EUS-
FNA in order to achieve accurate diagnosis in patients 
with suspected PDACs. The key of this study was on 
finding an ideal combination in optimum results when 
used in combination with commonly used pathologic 
readings.

RESULTS

Baseline characteristics of study patients

Clinical information and laboratory data was 
reviewed among the 85 study patients (Table 1). The final 
diagnoses were as follows; PDACs: 70 patients, pancreas 
neuroendocrine tumor (PNET): 4, metastasis to pancreas: 
5, autoimmune pancreatitis: 3, chronic pancreatitis: 1, 
tuberculous lymphadenitis: 1, pseudocyst: 1. The median 
age was 66 years old and male to female ratio was 38 to 
47. There were 52 (61%) patients who had elevation of 
CA 19-9 serum level and their median level was 80 IU/ml 
ranged from 5 to 19,210 IU/ml. Also, 16 (19%) patients 
had elevated bilirubin and the median level was 0.75 mg/
dL ranged from 0.3 mg/dL to 15.1 mg/dL. The location of 
pancreatic mass was as follows; head 40 patients (47%), 
body 25 (29%) and tail 20 (24%). Twenty-four patients 
(28%) had diabetes mellitus at the time of diagnosis of 

Figure 1: Plectin-1 immunostaining of endoscopic ultrasound-guided fine needle aspiration specimens. PDAC, pancreatic 
ductal adenocarcinoma.
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pancreatic mass and 15 patients had diabetes mellitus at 
least 3 years.

Characteristics of patients with EUS-FNA 
specimens

Characteristics of the EUS-FNA specimens are 
depicted in Table 2. EUS-FNA was conducted on all 85 
patients without any complication (71 patients with a 
22-gauge needle, 14 patients with a 25-gauge needle). 

A mean of 243 ng of DNA (range, 60-34590 ng) was 
obtained, and a mean DNA concentration was 81 ng/uL 
(range, 2-1183 ng/uL). 

KRAS mutation analysis and Plectin-1 
immunostaining of EUS-FNA specimens

Mutation analyses for KRAS (codon12/13) were 
successful in the 60 cases, and 25 cases were excluded 
from KRAS mutation analysis due to inadequate 

Table 1: Baseline characteristics of study patients
Age Median 66 years

Sex M:F 38:47

CA 19-9 (IU/mL) Median (range) 80 (5~19,210) 

elevated patients 52 (61%) 

Bilirubin, Total (mg/dL) median (range) 0.75 (0.3~15.1)

elevated patients 16 (19%) 

Location (pancreas mass) Head 40 (47%)
Body 25 (29%)
Tail 20 (24%)

DM (number of patients) Number 24 (28%)
DM (onset time) < 1 year 4

1 ~ 2 years 5
≥ 3 years 15

Smoking Number (median PYR) 11 (30 PYR)

Alcohol drinking Heavy drinker* 14 (2%)
Family history of pancreatic cancer 1st degree 2

*Daily alcohol consumption more than 50 g.

Figure 2: Kaplan-Meier overall survival (OS) curve of patients with pancreatic ductal adenocarcinoma according to 
KRAS mutation status. KRAS mutation was not significantly associated with median overall survival (18.1 vs. 8.1 months, p = 0.1).
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specimen. Thirty-nine patients showed a specific mutation 
of KRAS codon12 with a single base change from GGT 
(Gly) to GAT (Asp). 22 patients showed change from 
GGT (Gly) to GTT (Val), 4 patients to CGT (Arg), and 
9 patients to GCT(Ala). No mutation could be detected 
in other tissues except 1 ampulla of Vater adenoma high 
grade and 1 pancreatic neuroendocrine carcinoma (Table 
3). By adding KRAS mutation analysis, the diagnosis 
changed correctly in nine cases: eight patients with PDAC 
and one patient with chronic pancreatitis.

Normal pancreas did not express Plectin-1. Plectin-1 
was identified in 100% (70/70) of PDACs (Figure 1). Only 
one case of PNET showed false positive with Plectin-1 
immunostaining. By adding Plectin-1 immunostaining, the 
diagnosis changed correctly in two cases with PDACs..

EUS-FNA cytology combined with other analyses

There were thirteen cases of PDACs with cytology 
dictating “atypical cells” or “inadequate for diagnosis. 
Among them, there were eight patients who had positive 
for K-ras mutation analysis and all 13 cases with PDACs 
were positive for Plectin-1 staining. On the other hand, 
there was no positive KRAS mutation detected in other 
cases rather than PDACs, but one case with PNET had 
positive for Plectin-1 staining. Since the cytopathologic 
examination was the gold standard for the final diagnosis, 
we made the final diagnosis based on cytopathologic 

result. As long as the cytopathologic results were definite 
and sufficient for evaluation, we did not consider the 
result of KRAS mutation analysis or Plectin-1 staining 
alone. Therefore, the sensitivity, specificity and accuracy 
of pathologic diagnosis in EUS-FNA specimens were 
81%, 80% and 81%. When we combine KRAS mutation 
analysis with histological assessment, we could get the 
following results for sensitivity, specificity and accuracy; 
cytology & KRAS mutation analysis: 93%, 87%, and 
92%, cytology, KRAS mutation analysis & Plec1 staining: 
96%, 93%, and 95% (p < 0.05) (Table 4). 

Overall survival of PDAC patients according to 
KRAS mutation status

Of the 70 patients who were analyzed, there was 
no statistically significant differences in median overall 
survival (OS) (patients with KRAS mutations vs those 
with wild-type KRAS. Figure 2, 18.1 vs 8.1 months, p = 
0.1). Also, there was no statistically significant differences 
about number of mutation in median OS (wild-type KRAS 
vs 1 KRAS mutation vs 2 KRAS mutation: Figure 3, 8.1 vs 
20.4 vs 14.3 months, p = 0.2).

DISCUSSION

Despite the recent advances in radiology, about 50% 
of all PDAC patients are found to have metastatic disease, 

Table 2: Characteristics of patients with endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) specimens
Complications Number of cases 0

FNA needle 22-gauge 71
25-guage 14

DNA extraction concentration 81 (2~1183 ng/uL)
Total amount 243 ng (60~35,490 ng)

Patients with pancreatic ductal adenocarcinoma Number (%) 70 (82%)

Table 3: KRAS mutation analysis of endoscopic ultrasound-guided fine needle aspiration specimens
Codon Point mutation Number of patients (%)
Codon 12 GGT (Gly) GAT (Asp) 39

GTT (Val) 22 (4)+

CGT (Arg) 4 (3)+

AGT (Ser) 0

TGT (Cys) 0
GCT (Ala) 9 (7)+

Codon 13 GGC (Gly) GAC (Asp) 0

60 Total*

* KRAS mutations: 58: pancreatic ductal adenocarcinomas, 2: other malignancies (Ampulla of Vater adenoma high grade and 
pancreatic neuroendocrine carcinoma).
+ Numbers in parenthesis indicate patients with more than 1 KRAS mutations.
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surgical resection can be performed in only about 20%.
[20] So, curative resection is dependent on early diagnosis. 
EUS-FNA is a very important method for diagnosis 
of the early pancreatic cancer. In order to improve the 
diagnostic accuracy of EUS-FNA of pancreatic masses, 

the most studied molecular tool is KRAS. Previous studies 
[11-17] used KRAS mutation analysis with EUS-FNA. 
Additionally we combined new biomarker Plectin-1. In 
this study, we examined the usefulness of combinations 
of conventional cytology, KRAS mutation analysis, and 

Table 4: Endoscopic ultrasound-guided fine needle aspiration cytology combined with other analyses
Cytology Cytology & KRAS mutation Cytology, KRAS mutation & Plectin-1 staining p value

Sensitivity 81% 93% 96% 0.003 

Specificity 80% 87% 93% 0.002 

Accuracy 79% 92% 95% 0.002 

Figure 4: Schematic flow chart of study design.

Figure 3: Kaplan-Meier overall survival (OS) curve of patients with pancreatic ductal adenomcarcinoma according 
to number of KRAS mutation. There was no statistically significant differences about number of mutation in median OS (wild-type 
KRAS vs 1 KRAS mutation vs 2 KRAS mutation: Figure 3, 8.1 vs 20.4 vs 14.3 months, p = 0.2).
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Plectin-1 staining for the diagnosis of solid pancreatic 
masses. Combinations of the techniques could increase 
sensitivity, specificity and accuracy in diagnosis of PDACs 
(96%, 93%, and 95%) as compared with conventional 
cytology (81%, 80% and 79%). More accurate diagnosis 
for pancreatic masses was able with KRAS mutation 
analysis and Plectin-1 staining. So, we established new 
helpful platform with EUS-FNA for diagnosis of PDACs. 
Plectin-1 is known to distinguish malignant intraductal 
papillary mucinous neoplasm (IPMN) from the benign 
IPMN, and also distinguish from PanIN I/II to PanIN III 
and PDACs.[19, 21] Further study about the diagnostic 
role of Plectin-1 in differentiating malignant IPMN, PanIN 
III, and PDAC with EUS-FNA samples is warranted.

Considering low negative predictive value of 
EUS-FNA in pancreatic malignancy and possibility of 
peritoneal seeding, some doctors resected pancreatic 
masses without EUS-FNA.[22] But, there are many benign 
lesions and various tumors in pancreas. Furthermore, a 
study showed that preoperative EUS-FNA in resectable 
pancreatic cancer was a safe tool.[23] In contrast, in 
patients with clinical suspicion of malignancy, a negative 
EUS-FNA cytology result does not provide conclusion 
for benign disease. So, clinicians should decide following 
closely or resecting pancreatic masses. Our study can 
reduce false-negative diagnoses and help to avoid the loss 
of surgical respectability. But, our study also has false 
negative data. So, in patients with high clinical suspicion 
of malignancy, surgeons might go on surgery regardless 
of EUS-FNA report. Some studies showed cyst fluid 
analysis with KRAS mutation also seems to be a good 
diagnostic method to determine the malignant potential of 
pancreatic cystic lesions. The accuracy in distinguishing 
malignant from benign cysts remains inadequate.[24] A 
study showed specificity of 96% for malignancy by KRAS 
mutation analysis and demonstrated that nonmalignant 
cysts by conventional cytology could be diagnosed as 
malignant.[25] Due to the progress of molecular biology, 
many studies about markers related with development of 
PDAC have been reported. EUS-FNA cytology combined 
with evaluation of KRAS mutations and allelic losses 
of tumor suppressor p16 and DPC4 is a very sensitive 
method in inconclusive cases.[26] MicroRNAs (miR) 
are promising molecular markers in PDAC that can be 
acquired with EUS-FNA. MiR-10b and miR-21 are over 
expressed in the FNA specimens from pancreatic cancer 
patients.[27] Also, the aspect of mucine (MUC) expression 
has a value for the diagnosis of PDAC. The panel MUC1+/ 
MUC5AC+ in EUS-FNA specimens is higher specific in 
the diagnosis of PDAC.[28] But, clinical use of miRNA 
and MUC is still debated. By extension, molecular marker 
acquired with EUS-FNA can influence the prognosis of 
PDAC and predict the response to therapy. Although there 
was no statistically significant differences in survival 
related to KRAS mutation status in our study (patients 
with KRAS mutations vs those with wild-type KRAS: 
18.1 vs 8.1 months, p = 0.1), some studies demonstrated 

that the presence of KRAS mutations in tumor have a 
significant worse impact on survival time and response 
of treatment.[29] It is still difficult to conclude that the 
presence of KRAS mutations relates with the prognosis 
of advanced PDAC. To gain definitive conclusion, more 
studies containing large cohort are needed. 

MATERIALS AND METHODS

Patients

A total of 85 patients with pancreatic mass were 
consecutively enrolled in this study between June 2011 
and July 2012 (Fig 4). The inclusion criteria were as 
follows: 1) age older than 19 years; 2) identifiable 
pancreatic solid mass by computed tomography (CT) 
scan; and 3) patients with informed consent. The exclusion 
criteria were as follows: 1) a cystic lesion; 2) patients with 
bleeding tendency (platelet count < 50,000/mm3 and/or 
prothrombin time international normalized ratio > 1.5); 3) 
resectable pancreatic masses highly suspected of PDACs 
in radiological imaging; and 4) refusal to participate in 
this study. Informed consents were obtained before the 
procedure. Demographic and clinical parameters were 
acquired from the electronic medical record, and the 
study protocol was approved by Institution Review Board 
of Seoul National University Hospital, Seoul National 
University College of Medicine (IRB NO: H-1202-070-
398). All procedures and data acquisition were performed 
in accordance with STROBE statement.

EUS-FNA procedure and acquisition of the 
specimens

EUS-FNA specimen was acquired by two 
experienced endoscopists (Professors: J.K.R. and Y.-
T.K.) under the conscious sedation using meperidine and 
midazolam in pancreatobiliary clinic of GI division at 
Seoul National University Hospital. After the sedation, 
pancreatic mass was identified and explored the optimal 
site for EUS-FNA. The procedure was carried out using 
a linear array echo endoscope (GF-UM-2000 or GF-UCT 
240; Olympus, Tokyo, Japan) with the 22G FNA needle 
(EchoTip Ultra; Wilson Cook Medical Inc.). EUS-FNA 
was performed as follows; after proper targeting to a mass, 
the FNA needle was passed through the biopsy channel 
and advanced into the target lesion under EUS guidance. 
To-and-fro movements were then performed 10 to 20 
times with suction using a 10-mL syringe. After retracting 
the needle, the aspirated contents were expressed onto 
glass slides with the stylet smeared, and fixed in 99% 
ethanol. Pancreas mass located head or uncinate process 
was acquired by transduodenal passes while the body or 
tail mass was acquired through the puncturing stomach 
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wall. The endoscopists assessed the gross adequacy of the 
sample, and selected the number of needle passes due to 
the absence of on-site cytopathologist. Additional needle 
passes to obtain study samples were not needed.

Cytologic evaluations and immunostaining for 
Plectin-1

The aspirated specimen was expelled onto a glass 
slide by reinsertion of the stylet and flushing with air, if 
needed. Ten to fifteen slides were stained with alcohol and 
prepared using Papanicolaou & Diff Quick cytological 
stain to describe the cellularity and to diagnose malignancy 
in each specimen. There were three experts of pathology 
who immediately evaluated the specimens. Slides were 
evaluated using a Y-FL microscope (Nikon, Japan). The 
pathology reports of EUS-FNA are as follows: (1) positive 
for malignant cells (2) suspicious for malignant cells (3) 
atypical cells (4) benign cells (5) inadequate for diagnosis. 
Hence, the cytological results were interpreted as follows: 
(i) if the results were positive for malignant cells or 
suspicious for malignant cells, the masses were considered 
as malignant; (ii) if the results were atypical cells or 
inadequate for diagnosis, the masses were considered as 
malignant when other pathologic diagnosis with surgery, 
ERCP, or sono-guided/CT-guided biopsy was positive 
for malignant or clinical and imaging follow-up was 
consistent with malignancy, such as clinical progression 
or metastasis; (iii) if the results were atypical cells, 
benign cells, or inadequate for diagnosis, the masses were 
considered as benign based on the clinical manifestation 
(spontaneous improvement or lack of progression on a 
clinical minimum of six months follow-up). Plectin-1 
(Cell Signaling, Danvers, MA, USA) antibody was used 
for IHC analyses. To determine intensity of Plectin-1 
expression, nerve tissue stained with Plectin-1 was used 
as a positive control and reference. Nerves were known to 
have a moderate staining intensity. Staining intensity was 
recorded by two independent pathologists without giving 
clinical information and results from Papanicolaou & Diff 
Quick cytological stain. If there was any case of discrepant 
result, it was evaluated by a third pathologist. Plectin-1 
staining was classified as negative if the staining intensity 
was weaker than nerves. It was classified as positive if the 
staining was as least as strong as nerves.

KRAS mutation analysis of EUS FNA specimens

The DNA was recovered from FNA cytology 
slide to detect KRAS mutation. Mutant KRAS was 
detected using a validated KRAS mutation kit (DxS 
Ltd, Manchester, United Kingdom) that identifies seven 
somatic mutations located in codons 12 and 13 (Gly12Asp, 
Gly12Ala, Gly12Val, Gly12Ser, Gly12Arg, Gly12Cys, 
and Gly13Asp) using allele-specific real-time polymerase 

chain reaction [30-32]. A central laboratory (HistoGeneX, 
Antwerp, Belgium) validated the assay for analytic and 
diagnostic performance, established acceptance criteria, 
included appropriate quality controls for each assay, and 
performed the KRAS analysis in a blinded fashion. 

Statistical analyses

Continuous variables were described by mean 
and standard deviation (normal distribution), and the 
Wilcoxon rank sum test was done if normality could 
not be demonstrated. Differences across groups were 
compared using Student’s t or the Mann-Whitney U 
test for continuous variables and the Fisher’s exact test 
for binary variables. Correlation between continuous 
variables was assessed using linear regression models. All 
tests were two-tailed; in order to minimize overall type I 
error, only select associations were tested for statistical 
significance. Concerning the diagnosis obtained by EUS-
FNA, sensitivity, specificity, and accuracy were calculated. 
Overall survival was analyzed by the Kaplan-Meier 
method, with use of one-sided log-rank statistics. The p 
values < 0.05 was considered statistically significant. All 
statistical analysis was performed using SPSS v.18.0 (IBM 
Corp., Armonk, NY, USA).
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