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Evaluation of endoscopic cytological diagnosis of unresectable
pancreatic cancer prior to and after the introduction of
endoscopic ultrasound-guided fine-needle aspiration
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Abstract. With the advances in the multidisciplinary treat-
ment of pancreatic cancer (PC) over the last few years, it
is crucial to obtain a histopathological diagnosis prior to
treatment. Histopathological diagnosis for unresectable PC
is currently performed with endoscopic retrograde cholan-
giopancreatography (ERCP) in combination with endoscopic
ultrasound-guided fine-needle aspiration (EUS-FNA). We
retrospectively assessed the results of these two methods
and investigated diagnostic performance according to the
location of the lesion and the complications. This study was
conducted on a series of 263 consecutive cases of unresect-
able PC diagnosed with endoscopic cytology. Up to 2006,
ERCP-guided cytology (group A) was performed as the first
choice for the diagnosis of PC. EUS-FNA was introduced
in 2007 and became the first choice thereafter (group B),
except in cases with obstructive jaundice, in which ERCP-
guided cytology during endoscopic biliary stenting (EBS)
remains the first choice. There were statistically significant
differences in the overall cancer-positive rate between
groups A and B (60.4 vs. 75.3%, P=0.01). The cancer-positive
rate in the pancreatic body and tail was significantly higher
in group B (59.5 vs. 83.3%, P=0.005), whereas there were
no significant differences regarding cancer of the pancre-
atic head. The complication rate was 4.95% in group A
and 3.09% in group B (P=0.448). The endoscopic cytology
cancer-positive rate in unresectable PC cases was increased
as a result of the introduction of EUS-FNA. In conclusion,

Correspondence to: Dr Yoshinobu Okabe, Division of
Gastroenterology, Department of Medicine, Kurume University
School of Medicine, 67 Asahi-machi, Kurume, Fukuoka 830-0011,
Japan

E-mail: okabe_yoshinobu@kurume-u.ac.jp

Key words: unresectable pancreatic cancer, endoscopic cytology,
endoscopic  retrograde cholangiopancreatography, endoscopic
ultrasound-guided fine-needle aspiration

we recommend performing EUS-FNA in combination with
ERCP-guided cytology in cases with a lesion in the pancre-
atic head that requires EBS.

Introduction

With the advances in the multidisciplinary treatment of pancre-
atic cancer (PC) over the last few years, it is crucial to obtain a
histopathological diagnosis prior to treatment. With the intro-
duction of endoscopic retrograde cholangiopancreatography
(ERCP), ERCP-guided pancreatic juice and bile cytology
and bile and pancreatic duct brush cytology or biopsy were
adopted for the diagnosis of PC (1,2). Vilmann et al (3) subse-
quently developed endoscopic ultrasound-guided fine-needle
aspiration (EUS-FNA), expanding the range of endoscopic
collection methods for PC. As ERCP requires a highly skilled
technique and, particularly, due to the risk of post-ERCP
pancreatitis (PEP), EUS-FNA, which is considered to have a
low incidence of complications, was widely adopted, primarily
in Western countries. However, the use of EUS-FNA in Japan
has been delayed, due to concerns regarding cancer seeding
associated with EUS-FNA (4); therefore, the number of insti-
tutions performing EUS-FNA for pancreatic cystic lesions or
PC that have been scheduled for resection is currently limited.
Consequently, in Japan, endoscopic cytology or histological
diagnosis for PC is currently performed with a combination
of ERCP and EUS-FNA; however, the number of available
studies is insufficient to clearly determine the optimal endo-
scopic collection method.

The purpose of this clinical study was to retrospectively
evaluate the results of endoscopic cytology diagnosis in unre-
sectable PC by the conventionally performed ERCP-guided
collection method and after the introduction of EUS-FNA and
to determine the usefulness of the two methods and the associ-
ated complications.

Patients and methods

Patients. A total of 263 consecutive patients with unresect-
able PC who underwent endoscopic cytology in our hospital
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between 2002 and 2012 were included in this study. Unresect-
ability was confirmed in cases where a surgeon and a radiologist
performed various diagnostic imaging examinations and
diagnosing the case as Japan Pancreas Society classification
stage 4a (major blood vessel invasion) or stage 4b (distant
metastases), cases in which surgery was not feasible due to the
risk of general anesthesia because of cardiopulmonary disease
and cases in which the patient was elderly and was considered
to be unlikely to tolerate surgery. PC was definitively diag-
nosed based on a 6-month or longer course with radiological
imaging, clinical symptoms and biochemical findings.

ERCP-guided pancreato-biliary brush cytology and EUS-
guided fine-needle aspiration. Prior to 2006, the endoscopic cell
or tissue collection method for unresectable PCs in our hospital
consisted of performing ERCP-guided pancreatic juice cytology
(including pancreatic duct brush cytology) or bile duct cytology
as the first choice. Since 2007, when EUS-FNA was introduced,
ERCP-guided specimen collection is adopted as the first choice
when endoscopic biliary stenting (EBS) is performed to relieve
obstructive jaundice and EUS-FNA is adopted as the first choice
(EUS-FNA 1st) in cases without obstructive jaundice. Addition-
ally, in cases where an adequate specimen was not obtained
by ERCP-guided collection, EUS-FNA may be subsequently
performed (EUS-FNA 2nd) after obtaining the patient's consent.

In the ERCP-guided collection method, a guidewire was
inserted into the stricture of the pancreatic or bile duct and the
stricture was brushed 5-10 times with a brush catheter (Rapid
Cytology Brush, Boston Scientific, Tokyo, Japan; BC-24Q
Disposable Cytology Brush, Olympus, Tokyo, Japan; or Fusion
Cytology Brush, Cook Medical, Winston-Salem, NC, USA) that
was inserted with the ropeway method. After brushing, only
the inner tube of the brush catheter was removed and bile or
pancreatic juice was collected by aspiration in the pancreatic
or bile duct proximal and distal to the stricture. Only the tip of
the brush catheter was removed and, following immersion in
physiological saline or a preservative solution (Cyto-rich® Red
Preservative, Beckton-Dickinson, Franklin Lanes, NJ, USA), it
was manually stirred and the pellet obtained by centrifugation
(840 x g x 5 min) was used to prepare the slide specimens. The
bile or pancreatic fluid after brushing was also centrifuged in a
similar manner and slide specimens were prepared.

EUS-FNA specimen collection was performed mainly using
a 22G/25G puncture needle; 15-20 strokes and 3-5 sessions
were performed. The specimen was fixed in formalin and
submitted for cytology. Rapid on-site evaluation (ROSE) was
also performed in each case.

Patient grouping. The subjects were divided into two groups,
one prior to 2006 (group A), when the ERCP-guided collection
method was considered the first choice, and one from 2007
onwards (group B), after the introduction of EUS-FNA. We
compared the results of cytology and histological diagnosis
in the two groups and according to the lesion site (pancreatic
head vs. body and tail) and assessed the incidence and nature
of complications.

When the results of cytology or histological diagnosis were
‘malignant’ or ‘suspected malignant’ the results were considered
to be cancer-positive. In addition, in cases where ERCP-guided
bile and pancreatic duct cytology was performed, specimens of
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Table I. Patient characteristics.

Characteristics Group A Group B P-value
No. of patients 101 162
Age, years 6891 (35-91) 68.24 (33-90)  0.631
mean (range)
Gender, male/female 59/42 94/68 0.950
Location of the
pancreatic tumor
Head (presence of 59 (39) 74 (50)
obstructive jaundice)
Body and tail 42 88
Stage (JPS)
1 0 0 0.306
2 0 3
3 8 9
4a 36 54
4b 57 96

JPS, Japan Pancreas Society.

either method that were positive were considered to be cancer-
positive.

Statistical analysis. The IMP® 10 software program (SAS Insti-
tute Inc., Cary, NC, USA) was used to perform the statistical
analysis and a P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient characteristics. The 263 PC cases that were diagnosed
as unresectable included 101 cases in group A and 162 in
group B. The differences between the groups regarding age,
gender, tumor location, presence or absence of obstructive jaun-
dice and stage are summarized in Table I.

Comparison of endoscopic cytology results between groups A
and B.ERCP-guided cytology was performed in all 101 patients
in group A, with a cancer-positive rate of 60.4% (61/101). The
162 patients in group B included 92 patients in the ERCP-guided
cytology Ist group and 70 patients in the EUS-FNA 1st group.
The cancer-positive rate was 45.7% (42/92) in the ERCP-guided
cytology Ist group and 94.3% (66/70) in the EUS-FNA 1st group.
Consent to subsequently perform EUS-FNA was obtained from
22 of the 50 patients in the ERCP-guided cytology 1st group
who were cancer-negative and the cancer-positive rate was
63.6% (14/22). Collectively, the cancer-positive rate was 60.4%
(61/101) in group A and 75.3% (122/162) in group B; the differ-
ence was statistically significant (P=0.01). Furthermore, when
the 28 patients in group B who did not consent to EUS-FNA
after ERCP were excluded, the cancer-positive rate in group
B group was 91.0% (122/134), which was significantly higher
compared to that in group A (P<0.001) (Fig. 1).

Endoscopic cytology results by location. The cancer-positive
rate of the lesions located in the pancreatic head was 61.0%
(36/59) in group A and 67.9% (57/84) in group B; the difference
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Figure 1. Endoscopic cytology results in patients with unresectable pancreatic cancer. ERCP, endoscopic retrograde cholangiopancreatography;

EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration.

Table II. Comparison of endoscopic cytology results according to the location of the pancreatic cancer between groups A and B.

Location of pancreatic cancer Group A Group B P-value
Head 61.0% (36/59) 67.9% (57/84) 0.134
ERCP Ist: 48.5% (32/66
EUS-FNA Ist: 88.9% (16/18)
EUS-FNA 2nd:  60.0% (9/15)
Body and tail 59.5% (25/42) 83.3% (65/78) 0.005

ERCP 1st: 38.5% (10/26)
EUS-FNA 1st: 96.2% (50/52)
EUS-FNA 2nd:  71.4% (5/7)

ERCP, endoscopic retrograde cholangiopancreatography; EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration.

was not statistically significant. The cancer-positive rate in
the pancreatic body and tail was 59.5% (25/42) in group A
and 83.3% (65/78) in group B and the difference was statis-
tically significant (P=0.005). The cancer-positive rate of the
EUS-FNA cases alone in group B was 75.7% (25/33) in the
pancreatic head and 93.2% (55/59) in the pancreatic body
and tail, with a statistically significant difference (P=0.017)
(Table II).

Comparison of consistency and frequency of complications
between the two groups. The incidence of complications
was 4.95% (5/101) in group A and 3.09% (5/162) in group B
(P=0.448). When the patients in group B who did not consent
to EUS-FNA after ERCP were excluded, the incidence of
complications in group B was 3.73% (5/134). In group A, the
complications included PEP in 4 cases (mild in 3 and moderate
in 1) and hemorrhage due to endoscopic sphincterotomy in
1 case; in group B, PEP was observed in 4 cases (mild in 3 and
moderate in 1) and post-EUS-FNA pancreatitis (moderate) in
1 case. Hyperamylasemia developed in 9 cases in each group.
All the complications improved with conservative treatment,
without severe cases or fatalities (Table IIT).

Table III. Comparison of complication frequency between
groups A and B.

Complication
frequency Group A Group B P-value
Total 495% (5/101)  3.09% (5/162) 0.4481
Due to ERCP, n

Pancreatitis 42 40

Hemorrhage 1
Due to EUS-FNA, n

Pancreatitis - 1¢

aMild in 3, moderate in 1; mild in 3, moderate in 1; ‘moderate. ERCP,
endoscopic retrograde cholangiopancreatography; EUS-FNA, endo-
scopic ultrasound-guided fine-needle aspiration.

Discussion

The PC diagnostic accuracy rate based on diagnostic imaging
has improved as a result of advances in various diagnostic
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imaging equipment over the last few years; whether histo-
logical diagnosis is necessary when distant metastasis is
present remains debatable. However, against a background of
cases in which it is difficult to perform a differential diagnosis
from inflammatory diseases and due to the recent advances in
the multidisciplinary treatment of PC, it is crucial to obtain a
histopathological diagnosis prior to treatment (5). Obtaining
a pathological basis is crucial for undertaking chemotherapy
and selecting the appropriate medication, particularly in cases
with unresectable disease, in which a definitive pathological
diagnosis is impossible.

Percutaneous and open biopsy have long been used to obtain
PC pathology specimens; however, endoscopic non-invasive
approaches have recently become mainstream. ERCP-guided
specimen collection and EUS-FNA are currently preferred as
endoscopic collection methods, although the ERCP-guided
method has been used longer. ERCP-guided direct collection
of specimens from the bile and pancreatic duct is considered a
viable diagnostic method from the standpoint of ordinary PCs
arising from the pancreatic duct epithelium; however, there is
a wide variation (33-92%) in the sensitivity of ERCP-guided
specimen collection among institutions and its usefulness is
not consistent (6-9).

Consequently, various modifications have been attempted to
improve diagnostic performance. Pancreatic juice cytology, in
which secretin was used to forcibly stimulate pancreatic juice
secretion, was previously performed, with reported good results,
i.e., 30-79% (10). However, since 2004, when secretin became
unavailable, reports on brush cytology, in which specimens are
collected by forcibly brushing the pancreatic duct, have become
more common. The diagnostic performance of brush cytology
was reported to be 30-93%, although there have been occasional
reports of even more ingenious modifications (7). We previ-
ously reported that, when we collected pancreatic juice that had
accumulated after brushing, the sensitivity improved from 62 to
73.7%; the diagnostic performance was also improved (9). We
hypothesized that these results were attributable to mechanically
stripping the pancreatic duct epithelium, which enabled the
collection of numerous fresh cells, thereby minimizing degen-
eration by pancreatic enzymes (11). Uehara et al (6) reported
achieving 92% sensitivity by a method in which scraping was
performed with a guidewire. Furthermore, Kimura et al (8)
reported that it was possible to perform cytology several
times by following ERCP with placement of an endoscopic
naso-pancreatic drainage tube, with a sensitivity of 62%.

After a report of EUS-FNA for PC by Vilmann et al (3) in
1992, EUS-FNA became widely adopted, primarily in Western
countries. The results for diagnostic performance regarding
pancreatic mass lesions revealed a sensitivity of 85-94%, a
specificity of 100% and an accuracy of 95%, which were better
compared to those with ERCP-guided cytology (12-14).

In the present study, the sensitivity of the ERCP-guided
collection method was 60.4% in group A, 45.7% in group B,
and 53.3% overall; thus, we obtained results consistent with
those in previous reports. By contrast, the sensitivity of
EUS-FNA in group B was 87.0% (EUS-FNA lst, 94.3% and
EUS-FNA 2nd, 63.6%) and its diagnostic performance was
superior to that of ERCP-guided cytology.

The fact that the cases in which ERCP-guided cytology was
performed in group B were restricted to pancreatic head lesions
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that required EBS appears to have been a factor affecting the
differences in the diagnostic performance of the ERCP-guided
collection method between groups A and B. This difference
may be due to the fact that the main pancreatic duct was
obstructed in a number of the pancreatic head cancers and it
was impossible to collect an adequate specimen by brushing.

The presence of more pancreatic head lesions in the
EUS-FNA 2nd cases in group B may have been another
factor responsible for the difference in sensitivity between
EUS-FNA 1st and EUS-FNA 2nd cases in group B. A trans-
duodenal approach is often used to perform EUS-FNA for
pancreatic head lesions and puncture manoeuvres may prove
difficult, as the tip of the scope bends sharply as a result of the
endoscope angle. Therefore, diagnostic performance appears
to be reduced by a technical problem (15,16). Haba et al (17)
also reported poorer diagnostic accuracy for pancreatic head
lesions compared to body and tail lesions. There was also a
report according to which a 25G needle that makes puncture
manoeuvres easier compared to conventional needles was
recently developed and the specimen collection rate and
diagnostic performance for pancreatic head lesions have
been improved (18); however, additional testing is required.
ROSE was also reported to improve diagnostic accuracy (19),
contribute to increasing diagnostic performance, reducing the
number of punctures and reducing the complication rate (20).

The incidence of complications attributable to ERCP is
considered to be high for an endoscopic procedure and the inci-
dence of PEP, in particular, was reported to be 2-9% (21-23). By
contrast, the incidence of complications in patients who undergo
EUS-FNA was reported to be <2%, making EUS-FNA a rela-
tively safe procedure (24,25). In the present study, the overall
incidence of PEP was 4%, but the complications of EUS-FNA
included only one case of pancreatitis (incidence rate of 1%).
Tumor seeding as a result of the puncture is a rare complication
of EUS-FNA; to date, a total of 4 cases have been reported, i.e.,
a case of seeding of the abdominal cavity by a mucinous cystic
tumor of the pancreas (4), a case of pancreatic metastasis by a
malignant melanoma (26), seeding of the puncture tract by a
pancreatic tail cancer (27) and seeding of a metastatic medias-
tinal lymph node after a transesophageal puncture (28). However,
Ikezawa er al (29) reported that EUS-FNA of the pancreas does
not increase the risk of seeding. It may be possible to reduce the
problem of cancer seeding by EUS-FNA by excluding special
cases, such as mucinous cystic tumors of the pancreas. In addi-
tion, a study conducted by Matsumoto ez al (30) on a group of
PC patients who were treated by chemotherapy, reported that
there was no difference in the incidence rates of peritonitis
carcinomatosa or ascites between patients who had undergone
EUS-FNA and those who had not. Therefore, we do not consider
EUS-FNA as disadvantageous, at least for patients with unre-
sectable PC who are candidates for chemotherapy.

Certain recent studies reported that ERCP and EUS-FNA
performed on the same day may be more efficient and
cost-effective (31,32). Those reports taken together with the
results of the present study suggest that it may be more efficient
to perform EUS-FNA on the same day as EBS in unresectable
PC cases that are complicated by obstructive jaundice.

In conclusion, there was a significant difference in the endo-
scopic cytological diagnosis cancer-positive rate in patients
with unresectable PC prior to and after the introduction of
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EUS-FNA, with the results improving after the introduction of
EUS-FNA. In addition, although the difference in the compli-
cation rate prior to and after the introduction of EUS-FNA was
not significant, a number of the complications were attribut-
able to the ERCP procedure.
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