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ABSTRACT

Aim: To reveal the impact of preoperative endoscopic ultrasound-guided fi ne needle aspiration (EUS-FNA) of pancreatic 
ductal adenocarcinoma (PDAC). Materials and Methods: We retrospectively reviewed 242 patients who underwent surgery 
for PDAC at our institution between January 1996 and July 2012. Among them, there were three patients with R2 resection 
and 30 patients with a follow-up period of less than 1 year, who were excluded because they did not meet the conditions 
for evaluating recurrence. Consequently, 209 patients were enrolled in the present study. The patients were divided into two 
groups: 126 patients who underwent preoperative EUS-FNA (FNA group) and 83 patients who did not (non-FNA group) 
undergo preoperative EUS-FNA. Results: There were no signifi cant differences in baseline characteristics between FNA 
and non-FNA groups except mean age (66.6 ± 8.9 years vs. 63.5 ± 8.9 years, respectively, P = 0.02) and the administration 
rate of gemcitabine as adjuvant chemotherapy (42.9% vs. 18.1%, P < 0.01). Sampling adequacy of preoperative EUS-FNA 
was 99.2% (125/126) and sensitivity for diagnosis was 92.9% (117/126). The rate of complications related to EUS-FNA was 
1.6% (2/126); two patients experienced reduction in hemoglobin (≥2.0 g/dL). These two patients did not have any apparent 
bleeding and could be managed conservatively. No severe complications were seen. We evaluated long-term outcomes 
of preoperative EUS-FNA, especially disease-free survival, needle-track seeding and recurrence. Kaplan-Meier analysis 
indicated no signifi cant difference in disease-free survival between the two groups (P = 0.12). The site of recurrence was not 
signifi cantly different between groups. Needle-track seeding was not observed in this study. Multivariate analysis of recurrence 
factors showed that preoperative EUS-FNA did not affect postoperative recurrence. Conclusion: Preoperative EUS-FNA 
for PDAC was shown to be a safe procedure with high diagnostic ability, and not a risk factor for postoperative recurrence. 
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INTRODUCTION 

Endoscopic ultrasound-guided fine needle aspiration 
(EUS-FNA) is established as a procedure to confi rm 
the cytopathological evidence of  solid pancreatic 
tumors before therapy. EUS-FNA of  pancreatic masses 
has been reported to have a sensitivity of  82%-95%, 
specifi city of  92%-100%, positive predictive value of  
98%-100%, negative predictive value of  58%-91%, and 
overall accuracy of  55%-96%.[1-4]

In preoperative cases, the indications for EUS-FNA 
have remained controversial because of  concern 
about false negativity, needle-track seeding, and tumor 
dissemination related to EUS-FNA. Ngamruengphong 
et al.[5] reported that preoperative EUS-FNA was not 
associated with an increased rate of  gastric or peritoneal 
cancer recurrence in patients with resected pancreatic 
cancer. Kudo et al.[6] suggested by their data that the 
use of  EUS-FNA neither influenced recurrence free 
survival or overall survival nor did it increase the risk 
of  peritoneal recurrence. However, a few cases have 
been reported in which needle-track seeding of  the 
gastric wall following EUS-FNA was suspected as the 
cause of  recurrence of  solid pancreatic tumors.[7-10] 

The purpose of  the present study was to analyze 
patients who underwent preoperative EUS-FNA for 
pancreatic cancer and reveal the clinical impact of  
preoperative EUS-FNA.

MATERIALS AND METHODS

We retrospectively reviewed 242 patients who underwent 
surgery for pancreatic ductal adenocarcinoma (PDAC) 
at our institution between January 1996 and July 
2012. Among them, there were three patients with 
R2 resection and 30 patients with a follow-up period 
of  less than 1 year who were excluded because they 
did not meet the conditions for evaluating recurrence. 
Consequently, 209 patients were enrolled in the present 
study. All study participants provided informed consent 
for participation, and the study protocol was approved 
by the institutional review board of  our institution 
(1-001). No funding was received for this work. The 
authors have no confl icts of  interest to declare.

The patients were divided into two groups: 126 
patients who underwent preoperative EUS-FNA (FNA 
group) and 83 patients who did not (non-FNA group) 
[Figure 1]. Disease-free survival time was defi ned from 

the day of  surgery to the day of  recurrence or from 
the day of  surgery to July 2013 (in cases with no 
recurrence). EUS-FNA was performed under conscious 
sedation with the administration of  intravenous 
midazolam 5-20 mg (Astellas, Tokyo, Japan) and 
intravenous pethidine hydrochloride 35 mg (Mitsubishi 
Tanabe Pharma, Osaka, Osaka Prefecture, Japan). It 
was performed with a convex array echoendoscope 
(GF-UC30P, GF-UC240P-AL5, GF-UCT240-AL5, or 
GF-UCT260-AL5, Olympus Medical Systems, Tokyo, 
Japan) connected to an ultrasound scanning system 
(SSD-5500, Prosound SSD α-10; Hitachi Aloka Medical, 
Tokyo, Japan). Various types of  needles were employed 
(19G, 22G, and 25G, Expect, Boston Scientifics 
Corporation, Marlborough, MA, USA; EchoTip Ultra, 
Cook Medical, Bloomington, IN, USA; NA10J1, 
NA11JKB, NA-200H-8022; Olympus Medical Systems, 
Tokyo, Japan or Sono Tip Pro Control; Medi-Globe 
Corp., Rosenheim, Bavaria, Germany). Selection of  the 
type and size of  needle was at the discretion of  the 
endosonographer. In our institution, only experienced 
specialists are allowed to perform preoperative 
EUS-FNA. Cytological diagnoses were interpreted 
as “insufficient,” “no atypia” (normal pancreatic 
tissue), “atypical” (including regenerative atypia by 
inflammatory changes), “suspicious,” or “malignant.” 
After obtaining tissue from a pancreatic lesion via EUS-
FNA, the tissue was reviewed immediately (rapid on-site 
cytopathological evaluation: ROSE) by a cytopathologist 
or cytotechnician. Subsequent punctures in the same 
patient were not performed before confirming the 
results of  ROSE so as to minimize the complications. 
In preoperative cases, no more EUS-FNA samples were 

Patients with PDAC (n=242) 

Patients with follow-up  
> 1 year after surgery 

(n=209) 

Patients with follow-up period  
< 1 year         (n=30) 

FNA (n=126) Non-FNA(n=83) 

Preoperative EUS-FNA 
(+)                       (-) 

R2  (n=3) 

Figure 1. Flowchart showing the inclusion of patients and 
their follow-up in the current study. PDAC: Pancreatic ductal 
adenocarcinoma, EUS-FNA: Endoscopic ultrasound-guided fi ne-
needle aspiration
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obtained if  the tissue was diagnosed as ‘‘suspicious’’ or 
‘‘malignant.’’ If  it was diffi cult to obtain an adequate 
specimen, we fi nished the procedure with fi ve needle 
passes. Both cytology and cell block techniques were 
usually used for diagnosis. 

The timing of  complications was classified as 
postprocedure (up to 14 days) and late (any time after 
14 days).[11]

Statistical analysis
The statistical methods of  this study were reviewed by 
Kenichi Yoshimura Innovative Clinical Research Center, 
Kanazawa University, Kanazawa, Ishikawa Prefecture, 
Japan.

Statistical analysis was performed using the chi-square 
test, Fisher’s exact test, or the Mann-Whitney test in 
univariate analysis. The Kaplan-Meier method was used 
to calculate survival curves and the log-rank test was 
used for comparing the two groups. Cox proportional 
hazards models were used in multivariate analysis of  
factors associated with disease-free survival. Values of  
P < 0.05 were regarded as statistically signifi cant. All 
statistical analyses were performed using StatMate IV 
software (ATMS, Tokyo, Japan).

RESULTS

Patient characteristics
Patient characteristics in each group are shown in Table 
1. We usually did not perform EUS-FNA before surgery 
from 1996 to 2008. Thereafter, from 2008 onward, we 
tried to perform EUS-FNA for all preoperative cases 
to best manage their treatment. In comparisons of  
the FNA group with the non-FNA group, significant 
differences were found in the mean age (66.6 ± 8.9 
years vs. 63.5 ± 8.9 years, respectively, P = 0.02) and 
in the administration of  gemcitabine as adjuvant 
chemotherapy (42.9% vs. 18.1%, P < 0.01). After the 
CONKO-001 study was reported,[12] most patients at our 
institution received adjuvant chemotherapy. There were 
no signifi cant differences in other characteristics [sex, 
tumor size, tumor site, type of  surgery, and 6th Union 
for International Cancer Control (UICC) staging]. 

EUS-FNA
The details of  preoperative EUS-FNA and 
cytopathological diagnosis are shown in Table 2. The 
median number of  needle passes was 2 (1-5) times. 
Overall sampling adequacy and diagnostic accuracy 

were 99.2% (125/126) and 92.9% (117/126). We were 
not able to cytopathologically confirm the presence 
of  malignancy with EUS-FNA in nine cases, five of  
whom subsequently underwent endoscopic retrograde 
cholangiopancreatography (ERCP) for cytopathological 
diagnosis. Finally, we could confi rm the cytopathological 

Table 1. Patient characteristics
Characteristics FNA‡ Non-FNA P value
n 126 83
Age, mean, years 66.6±8.9 63.5±8.9 0.02*
Sex, n (%) 0.89

Male 73 (57.9) 47 (56.6)
Female 53 (42.1) 36 (43.3)

Tumor size, mean, mm 24.0±12.0 27.9±12.0 0.23
Tumor sites, n (%) 0.07

Head 85 (67.4) 57 (68.7)
Body 22 (17.5) 21 (25.3)
Tail 19 (15.1) 5 (6.0)

Type of surgery, n (%) 0.25
Pancreatoduodectomy 85 (67.5) 57 (68.7)
Distal panceatectomy 37 (29.3) 25 (30.1)
Total pancreatectomy 4 (3.2) 0 (0)
Middle pancreatectomy 0 (0) 1 (1.2)

6th UICC† staging, n (%) 0.2
I A 1 (0.8) 4 (4.8)
IB 2 (1.6) 1 (1.2)
II A 35 (27.8) 30 (36.1)
II B 80 (63.5) 43 (51.8)
III 0 (0) 0 (0)
IV 8 (6.4) 5 (6.0)

Adjuvant chemotherapy
Gemcitabine 54 (42.9) 15 (18.1) <0.01*
S-1 11 (8.6) 2 (2.4) 0.13
Others 3 (2.3) 4 (4.8) 0.44
None 58 (46.0) 62 (74.7) <0.01*

*Chi-square test or Mann-Whitney test P < 0.05, ‡FNA: Fine-needle aspiration, 
†UICC: Union for International cancer control

Table 2. Results of preoperative EUS-FNA (n = 126)
Details Result (%)
Needle passes, median (range) 2 (1-5)
Size of needle (%)

25G 26
22G 72
19G 2

Approach route (%)
Stomach 67
Duodenal bulb 1
2nd portion 32

Sampling adequacy 99.2% (125/126)
Diagnostic accuracy 92.9% (117/126)
Complications

Early complications (up to 14 days)
Decrease hemoglobin (≥2.0 g/dL) 1.6% (2/126)
Late complications (after 14 days) 0%
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evidence of  malignancy in four cases prior to surgery. 
The remaining five cases underwent surgery without 
cytopathological evidence of  malignancy. The rate of  
complications related to EUS-FNA was 1.6% (2/126); 
two patients experienced a reduction in hemoglobin 
(≥2.0 g/dL). These two patients did not have any 
apparent bleeding and were successfully managed 
conservatively. There were no other early complications 
(within 14 days) of  EUS-FNA.

Long-term outcomes
We evaluated the long-term outcomes of  preoperative 
EUS-FNA, specifi cally disease-free survival, needle-track 
seeding, and recurrence. There was no signifi cant difference 
in disease-free survival between the two groups by Kaplan-
Meier analysis (P = 0.12) [Figure 2]. We also evaluated 
preoperative EUS-FNA in only pancreatic body and tail 
cancers. In pancreatic body and tail cancers, significant 
differences were found in adjuvant chemotherapy between 
the FNA and non-FNA groups. There were no signifi cant 
differences in other characteristics (mean age, sex, tumor 
size, tumor site, type of  surgery, and 6th UICC staging) 
[Table 3]. No signifi cant difference in disease-free survival 
was shown between body and tail cancers by Kaplan-Meier 
analysis (P = 0.82) [Figure 3]. 

Table 4A compares the sites of  recurrence between 
FNA and non-FNA groups and Table 4B shows this 
comparison in body and tail cancers only. No needle-
track seeding was observed in this study. There was no 
signifi cant difference in the site of  recurrence between 
FNA and non-FNA groups, as seen in Table 4A (liver: 
23.8% vs. 31.3%, respectively, P = 0.26; peritoneal: 
17.5% vs. 19.3%, respectively, P = 0.85; local: 13.5% 

Figure 2. Kaplan-Meier analysis showing disease-free survival of 
patients with pancreatic cancers with and without the performance 
of FNA

Figure 3. Kaplan-Meier analysis showing disease-free survival of 
pancreatic body and tail cancers with and without the performance 
of FNA

Table 3. Characteristics of patients with pancreatic 
body and tail cancers
Characteristics FNA‡ Non-FNA P value
n 41 26
Age, mean, years 66.4±8.8 64.6±9.0 0.42
Sex, n (%) 0.8

Male 21 (51.2) 12 (46.2)
Female 20 (48.8) 14 (53.8)

Tumor size, mean, mm 28±12.0 26±13.2 0.57
6th UICC† staging, n (%) 0.1

I A 1 (2.4) 1 (3.8)
I B 1 (2.4) 0 (0)
II A 12 (29.3) 16 (61.5)
II B 25 (61.0) 8 (30.8)
III 0 (0) 0 (0)
IV 2 (4.8) 1 (3.8)

Adjuvant chemotherapy
Gemcitabine 20 (48.8) 2 (7.7) <0.01*
S-1 3 (7.3) 0 (0) 0.28
Others 1 (2.4) 2 (7.7) 0.55
None 17 (41.5) 22 (84.6) <0.01*

‡FNA: Fine-needle aspiration, †UICC: Union for international cancer 
control, *Chi-square test P < 0.05

Table 4A. Comparison of sites of recurrence
All cases FNA‡ 

(n = 126)
Non-FNA 
(n = 83)

P value

Total recurrence rate, n (%) 86 (68.3) 70 (84.3)
Site of recurrence, n (%)

Liver 30 (23.8) 26 (31.3) 0.26
Peritoneal 22 (17.5) 16 (19.3) 0.85
Local 17 (13.5) 12 (14.5) 0.84
Lung 15 (11.9) 7 (8.4) 0.5
Lymph nodes 10 (7.9) 11 (13.3) 0.24
Bone 1 (0.7) 1 (1.2) 1
Unknown 1 (0.7) 3 (3.6) 0.3
Gastric or duodenal wall 0 (0) 0 (0) 1

‡FNA: Fine-needle aspiration
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vs. 14.5%, respectively, P = 0.84; lung: 11.9% vs. 
8.4%, respectively, P = 0.5; lymph nodes: 7.9% vs. 
13.3%, respectively, P = 0.24; and bone: 0.7% vs. 
1.2%, respectively, P = 1). There were no signifi cant 
differences in the site of  recurrence between body and 
tail cancers as well, even after adjustment [Table 4B]. 
In a multivariate analysis of  factors related to disease-
free survival by the use of  a Cox proportional-hazards 
model, tumor size ≥25 mm [hazard ratio (HR): 2.46, 
P < 0.01] and 6th UICC ≥IIB (HR: 2.28, P < 0.01), R1 
resection (HR: 1.46, P = 0.04), and absence of  adjuvant 
chemotherapy (HR: 2.02, P < 0.01) were shown to be 
independent factors associated with disease-free survival 
[Table 5]. Performance of  preoperative EUS-FNA and 
the tumor site were not related to disease-free survival.

DISCUSSION

Pancreatic carcinoma remains an intractable disease, 
with a reported 5-year survival rate of  only 6%[13] 
and a reported 5-year survival rate of  patients who 
undergo surgery of  only 7%-23%.[14] Although curative 

surgery is the only way to obtain long-term survival in 
patients with PDAC, surgery for pancreatic carcinoma 
generally has a high morbidity rate (9%-44%) and a 
high mortality rate (0.7%-21%).[15-18] Performing surgery 
before confi rming the cytopathological diagnosis may 
result in an unnecessary surgery for patients. Although 
EUS-FNA is a very useful diagnostic procedure, tumor 
seeding is recognized as a very rare complication of  
this procedure. Previous reports of  suspected tumor 
seeding related to preoperative EUS-FNA showed that 
all recurrences occurred in the gastric wall.[7-10] Gastric 
wall recurrence during follow-up has a possibility of  
additional curative surgery. Peritoneal dissemination, 
however, has not been reported. Therefore, it is 
important to confirm the cytopathological evidence 
of  malignancy before surgery to avoid unnecessary 
surgery. Recently, neoadjuvant chemotherapy and 
chemoradiotherapy have been discussed as therapies 
offering a possibility of  improving the prognosis of  
PDAC.[19-22] Appropriate neoadjuvant therapy requires 
evaluation of  the pathological diagnosis to determine 
the best treatment. ERCP and EUS-FNA are the 
procedures that are generally used for confirming 
cytopathological evidence before beginning therapy 
for pancreatic carcinoma. On comparing EUS-FNA 
and ERCP, EUS-FNA is safer and more accurate for 
the cytopathological diagnosis of  pancreatic tumors.[23] 
Preoperative EUS-FNA is therefore, considered to be 
an adequate and much-needed procedure in clinical 
practice for the preoperative diagnosis of  patients with 
suspected PDAC. Since 2008, in our institution, we have 
been performing EUS-FNA preoperatively for all solid 
pancreatic tumors to confirm their cytopathological 
profiles. Hence, we conducted this study to evaluate 
the diagnostic ability, morbidity, and clinical impact of  
preoperative EUS-FNA and to discuss the safety and 
adequacy of  this procedure. Analysis of  the diagnostic 
ability and morbidity of  EUS-FNA in the present study 
revealed a sampling adequacy of  99.2% (125/126) 
and sensitivity for diagnosis of  92.9% (117/126). 
The complication rate was 1.6% (2/126), with the 
only complication being a reduction of  hemoglobin 
(≥2.0 g/dL). There were no severe complications 
and no late complications. The present study found 
preoperative EUS-FNA to be safe and to have excellent 
diagnostic capability. In the comparison between FNA 
and non-FNA group patients, disease-free survival was 
not signifi cantly different between them [Figure 2]. 

In cases of  recurrence, recurrence sites were not 
signifi cantly different between the two groups and also 

Table 4B. Comparison of sites of recurrence in body 
and tail cancers only
Body and tail only FNA‡ 

(n = 41)
Non-FNA 
(n = 26)

P value

Total recurrence rate, n (%) 27 (65.9) 22 (84.6)
Site of recurrence, n (%)

Liver 9 (22.0) 5 (19.2) 1
Peritoneal 12 (29.2) 5 (19.2) 0.4
Local 5 (12.2) 6 (23.1) 0.31
Lung 2 (4.9) 2 (7.7) 0.37
Lymph node 0 (0) 3 (11.5) 0.06
Bone 0 (0) 0 (0) 1
Unknown 0 (0) 2 (7.7) 0.14
Gastric or duodenal wall 0 (0) 0 (0) 1

‡FNA: Fine-needle aspiration

Table 5. Multivariate analysis of the factors 
associated with disease-free survival
Factor Hazard ratio 95% CI P value
EUS-FNA§ 0.89 0.63-1.25 0.5
Age ≥65 years 0.93 0.67-1.28 0.65
Tumor size ≥25 mm 2.46 1.71-3.54 <0.01*
Tumor location 
(body and tail)

1.0 0.70-1.42 0.99

6th UICC† ≥ IIB 2.28 1.54-3.38 <0.01*
R1 1.46 1.01-2.12 0.04*
Absence of adjuvant 
chemotherapy 

2.02 1.42-2.87 <0.01*

*Cox proportional hazards model P < 0.05, §EUS-FNA: Endoscopic 
ultrasound-guided fi ne-needle aspiration, CI: Confi dence 
interval, †UICC: Union for international cancer control
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between body and tail cancers [Table 4]. In multivariate 
analysis of  factors related to disease-free survival by use 
of  a Cox proportional hazards model, tumor size ≥25 
mm (HR: 2.46, P < 0.01) and 6th UICC ≥IIB (HR: 
2.28, P < 0.01), R1 resection (HR: 1.46, P = 0.04), and 
absence of  adjuvant chemotherapy (HR: 2.02, P < 0.01) 
were found to be independent factors associated with 
disease-free survival. The performance of  preoperative 
EUS-FNA and tumor location had no relationship with 
disease-free survival [Table 5]. In our study, there were 
no cases of  tumor seeding unlike previous reports. This 
could be because of  the number of  punctures, three or 
five, in previous reports.[7-10] In our study, the median 
number of  punctures was only two times [Table 2]. Our 
novel approach of  using rapid on-site evaluation (ROSE) 
could have contributed to minimizing the number of  
punctures.[24] Ngamruengphong et al.[5] also reported 
that preoperative EUS-FNA was not associated with an 
increased rate of  gastric or peritoneal cancer recurrence 
in patients with resected pancreatic cancer. Another study 
evaluating not only preoperative cases but also inoperable 
ones investigated the risk of  peritoneal carcinomatosis 
by comparing a group of  patients undergoing ERCP 
and a group of  patients undergoing EUS-FNA to 
confi rm the pathological evidence of  pancreatic cancer, 
and found that EUS-FNA did not increase the risk of  
peritoneal carcinomatosis.[25] The results of  the present 
study also suggest that preoperative EUS-FNA does not 
decrease disease-free survival, and has less correlation 
with peritoneal recurrence. Gastric wall recurrence 
related to preoperative EUS-FNA was not seen in our 
study although there are some previous reports[7-10] of  
recurrence related to preoperative EUS-FNA. Tumor 
seeding is a very rare but possible complication of  EUS-
FNA. The indications of  preoperative EUS-FNA are 
probably different between different institutes, countries, 
cultures, and individuals. Hence, the indications and 
complications of  this procedure should be discussed with 
the patient before its performance. More importantly, 
unnecessary EUS-FNA should be avoided.

Some limitations must be considered regarding the 
present study. Since this was a retrospective study, 
the results could have been influenced by patient 
characteristics.

CONCLUSION

The present study evaluated the diagnostic performance 
and adequacy of  preoperative EUS-FNA. At the current 
moment, preoperative EUS-FNA is a safe and adequate 

procedure to confirm the presence of  malignancy 
before curative surgery for PDAC.
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