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Abstract 
AIM: To clarify the effectiveness and safety of endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) for the diagnosis of pancreatic cancer (PC).
METHODS: Patients who were diagnosed with unresectable PCs, locally advanced PC or metastatic PC between February 2006 and September 2011, were selected for this retrospective study. FNA biopsy for pancreatic tumors had been performed percutaneously under extracorporeal ultrasound guidance until October 2009; then, beginning in November 2009, EUS-FNA has been performed. We reviewed the complete medical records of all patients who met the selection criteria for the following data: gender, age, location and size of the targeted tumor, histological and/or cytological findings of the obtained specimens, details of puncture procedures, time from day of puncture until the day of definitive diagnosis, and details of severe adverse events.  

RESULTS: Of the 121 patients who met the selection criteria, 46 had a percutaneous biopsy (Group A) and 75 had an EUS-FNA biopsy (Group B).  Adequate cytological specimens were obtained in 42 Group A subjects (91.3%) and 75 Group B subjects (100%) (P = 0.0192), and histological specimens were obtained in 41 Group A subjects (89.1%) and 65 Group B subjects (86.7%). Diagnosis of malignancy by cytology was positive in 33 Group A patients (78.6%) and 72 Group B patients (94.6%) (P = 0.0079). Malignancy by both cytology and pathology was found in 43 Group A (93.5%) and 73 Group B (97.3%) patients. The mean period from the puncture until the cytological diagnosis in Group B was 1.7 d, which was significantly shorter than that in Group A (4.1 d) (P < 0.0001). Severe adverse events were experienced in 2 Group A patients (4.3%) and in 1 Group B patient (1.3%). 

CONCLUSION: EUS-FNA, as well as percutaneous needle aspiration, is an effective modality to obtain cytopathological confirmation in patients with advanced PC.
© 2013 Baishideng. All rights reserved.  
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INTRODUCTION  

Pancreatic cancer (PC) is currently the fifth leading cause of cancer-related mortality in Japan. Although complete surgical removal of the tumor is the only chance of cure, almost all PC patients are initially diagnosed as having advanced unresectable disease despite recent improvements in diagnostic techniques. In past decades, techniques were developed to obtain proof of cancer from the primary tumor in PC patients. Pancreatic juice cytology via endoscopic retrograde pancreatography was initially developed to meet this challenge; however, in practical settings the positive rate for cancer cells has remained quite low, indicating the presence of false negatives[1,2]. Ultrasonography-guided fine needle aspiration (US-FNA) biopsy or computed tomography (CT)-guided FNA biopsy appears to provide a more definitive diagnosis of PC[3,4]. US-guided FNA is convenient but its usefulness is limited for masses in the pancreatic tail. On the other hand, CT-guided FNA was the biopsy procedure of choice to assess pancreatic lesions. However, this technique is time-consuming and is limited by a substantial false negative rate of approximately 20%[5]. In addition, there have been concerns about percutaneous cancer seeding[6,7]. Recently, endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) has been developed as a more feasible method to obtain definitive specimens for cytological and/or histological examinations for diagnosis of PC [8-12]. Three years ago, we began to perform EUS-FNA although up until that time US-FNA was the standard technique at our institute. 
In the current study, we retrospectively examined the diagnostic ability of EUS-FNA for PC compared with US-FNA.  
MATERIALS AND METHODS 

Patients　 

The inclusion criteria were: (1) the patient underwent US-FNA between February 2006 and October 2009 or EUS-FNA between November 2009 and September 2011 at Cancer Institute Hospital for suspected pancreatic cancer; and (2) the patient was subsequently diagnosed as having clinical stage III or IV PC. Unresectable PCs, which are indicated by International Union Against Cancer clinical stage III (locally advanced disease: T4N0-1 and M0) or IV (metastatic disease: T1-4N0-1 and M1), were diagnosed by CT. 
The exclusion criteria were (1) the patient had contraindication for EUS (esophageal stenosis, duodenal stenosis, ileus, perforation of digestive tract, etc.); and (2) the patient had contraindication for EUS-FNA and US-FNA (severe cardiovascular disease or respiratory disease, poor performance status, difficulty in visualization of the target, bleeding tendency, impossibility of ensuring the puncture route).

 Patients who met the selection criteria were identified from the database in our division, which was updated daily. 

US- and EUS-FNA procedures 

A short admission, usually for one or two nights, was mandatory according to the protocol for FNA biopsy of a suspected pancreatic tumor in our division. FNA biopsy for pancreatic tumors had been performed percutaneously under extracorporeal ultrasound guidance (US-FNA) until October 2009; then, beginning in November 2009, FNA biopsies have been performed under EUS guidance (EUS-FNA). In general, FNA examinations were performed and managed by only one physician (i.e., Ishii H) until October 2009 and by Matsuyama M since November 2009. Written informed consent was obtained from each patient before the examination.

US-FNA was performed using SSA-550A (TOSHIBA, Tokyo, Japan) as the ultrasound device and SONOPSY C1 21G (Hakko, Osaka, Japan) as the ultrasound-guided biopsy needle. After systemic premedication and percutaneous local anesthesia, FNA was performed one to three times repeatedly until adequate material was obtained. Pathological examination of the obtained materials and cytological examination of the needle-washing water were done. There was no on-site cytotechnologist during the performance of US-FNA.
EUS-FNA was performed using EU-ME1 and UCT240-AL5 (OLYMPUS, Tokyo, Japan) as the EUS system and the Echo-Tip ULTRA 22G (Wilson-Cook, Bloomington, IN, US) as the ultrasound-guided biopsy needle. After systemic premedication and pharyngeal local anesthesia, FNA was performed endoscopically via the stomach or duodenum. Aspiration puncture was repeated until an on-site cytology screener confirmed that adequate materials had been obtained.

After the examination, patients stayed in the hospital overnight and were discharged the following morning if no problems were revealed by physical examination, complete blood count tests and biochemistry tests that included serum amylase level. Three to 7 d later, the patients came to the outpatient clinic for an explanation of the results of the biopsy examination and examination for late adverse events, and were then able to start chemotherapy. 

The final diagnoses were based on pathology results or clinical follow-up of more than 6 mo. 

Statistical analysis 
We reviewed the complete medical records of all patients who met the selection criteria for the following data: gender, age, location and size of the targeted tumor, histological and/or cytological findings of the obtained specimens, details of puncture procedures, time from day of puncture until the day of definitive diagnosis, and details of severe adverse events, if any. The tumor status (location and size) was determined by dynamic computed tomography before the puncture. Frequency analysis was performed with Fisher’s exact test for 2 × 2 tables, the chi-squared test for 3 × 2 tables, and the Mann-Whitney test. All analyses were performed using the statistical software SPSS 11.0J for Windows. Statistical significance was defined as a two-sided P-value of 0.05 or less.

RESULTS　 

US-FNA was performed in 48 patients from February 2006 until October 2009, of which 2 cases (renal cell carcinoma, malignant lymphoma) were excluded from the analysis of the US-FNA cases because the patients did not have primary pancreatic cancer. EUS-FNA was attempted in 125 cases and was successfully performed in 123 cases from November 2009 until September 2011, and, of these, 48 patients did not meet the selection criteria (lymph node 34 cases, other pancreatic tumor 10 cases, other abdominal tumor 3 cases, mediastinum 1 case). EUS-FNA could not be performed in the two patients because of difficulty of visualization due to total gastrectomy in 1 case, and impossibility of ensuring the puncture route in the other case. Thus, 46 patients who underwent US-FNA (Group A) and 75 who underwent EUS-FNA (Group B) were eligible for analysis.

Table 1 shows the characteristics of the study subjects. The distribution of the target tumor in the pancreas differed significantly between the two groups, with the tumor location more frequent in the pancreatic head/tail than in the pancreatic body in Group B. The maximum diameter of the target tumor ranged from 18 to 111 mm (median 44.8 mm) in Group A and from 7 to 70 mm (median 33.0 mm) in Group B. A significantly larger number of target tumors were smaller than 40 mm in Group B than in Group A (P = 0.0007). 

Table 1 shows a comparison of the results of percutaneous biopsy with those of EUS-FNA. Adequate cytological and histological specimens were obtained in 42 (91.3%) and 41 (89.1%) Group A subjects (n = 46), respectively, and in 75 (100%) and 65 (86.7%) Group B subjects (n = 75), respectively. 

Results of cytology indicated the presence of cancer cells in 33 Group A patients (78.6%) and in 72 Group B patients (94.6%). Histological studies showed cancer tissue in 33 (80.5%) and 51 (78.4%) patients in Group A and Group B, respectively. In total, a cancer diagnosis was made in 43 Group A (93.5%) and 73 Group B (97.3%) patients by cytology and/or histology. These 116 patients were diagnosed as having adenocarcinoma of the pancreas by cytology/histology as well as by imaging and their subsequent clinical course. The final diagnosis of PC in the remaining 5 patients for whom there was no cytological or histological proof has been confirmed by the clinical course until April 2012. The positive cytology/histology rate did not differ between the two groups.

Total puncture procedures per patient varied from 1 to 5 times, with a median of 2.6 times. The frequency of multiple punctures, that is, more than 2 times, was significantly higher in Group B than in Group A. 
Time from the day of puncture until the day of the final cytological diagnosis varied from 0 to 8 d (median 4.1 d) in Group A and from 0 to 5 d (median 1.7 d) in Group B. The period was significantly shorter in Group B than in Group A. The time from the day of puncture until the day of the final histological diagnosis varied from 2 to 7 d (median 4.0 d) in Group A and 2 to 10 d (median 3.2 d) in Group B, with no significant difference between the two groups.  

Severe adverse events occurred in 2 Group A patients (4.3%) and in 1 Group B patient (1.3%). In Group A, one patient developed a high fever, which required hospitalization but resolved with only symptomatic treatment. The other Group A patient experienced upper gastrointestinal bleeding, which was confirmed by endoscopy to be related to the needle biopsy. This patient was treated by blood transfusion and anti-ulcer medications and was hospitalized for 1 wk without surgical intervention. The adverse event in Group B was an abdominal abscess that required surgical drainage. The patient experienced continuous abdominal pain one night after EUS-FNA, and dynamic computed tomography demonstrated an abscess in front of the pancreatic body tumor, which was clearly related to the EUS-FNA puncture. Fortunately, she recovered after surgery and antibiotic therapy and could receive chemotherapy thereafter. There was no cancer seeding event up through 6 mo from the time of puncture in any patient in either group. 
DISCUSSION  

The aim of the current study was to investigate the results of two different approaches to obtain pancreatic biopsy specimens, which are a percutaneous approach and EUS-FNA, since this issue has been seldom addressed[12]. Our results confirmed the usefulness of EUS-FNA, especially with regard to cytology. The NCCN (National Comprehensive Cancer Network) Guidelines (2012) require that cytological or histological confirmation is needed for the diagnosis of unresectable pancreatic carcinoma[13]. In patients with stage IV PC, a biopsy of the metastatic lesion is preferred for proof of cancer. However, in those with stage III PC and some patients with stage IV PC in whom it is difficult to access metastatic sites for biopsy procedures, the primary tumor of the pancreas must be targeted to obtain proof of cancer. Pancreatic juice cytology was developed in the early 1980's and is still being performed; however, cancer cells cannot easily be observed by collection of pancreatic juice[1,2,14]. Percutaneous needle biopsy was developed with the expectation of a more definitive method to obtain proof of cancer from the primary pancreatic tumor[3,15,16]. Our institute then employed percutaneous needle biopsy under extracorporeal ultrasound guidance as the standard for histological confirmation of the pancreatic primary tumor. Recently, EUS-FNA was introduced and was used mainly in high-volume cancer centers in Japan[17-22]. Because of the risk of cancer seeding as well as other risks with percutaneous biopsy, we adopted EUS-FNA beginning in November 2009 in place of percutaneous biopsy. We expected that EUS-FNA would have advantages over a percutaneous procedure with regard to efficacy in confirmation of cancer and avoiding adverse reactions before administering chemotherapy to patients with PC.
Our results demonstrated that EUS-FNA is effective and feasible for obtaining proof of cancer in candidates of PC chemotherapy. In fact, EUS-FNA might have merits with regard to obtaining specimens from small tumors or tumors in the pancreatic tail, for which performance of percutaneous biopsy is difficult [2, 23-27]. In this study, the location of the target tumor was most frequent at the body of the pancreas in Group A. In addition, the target tumors were larger in Group A than in Group B. These findings suggest that patients might have been excluded from Group A in which difficulty could be expected in making a puncture because the tumor was either small or difficult to delineate. In these cases, endoscopic retrograde cholangiopancreatography or liver biopsy might have been performed to obtain confirmation of malignancy, if possible.

Horwhat et al[12] performed a randomized controlled trial of EUS-FNA and percutaneous biopsy of the pancreas (US-guided and CT guided) in 2006. Although there was no statistically significant difference in accuracy between the two methods, the results showed that EUS-FNA had the advantage in the diagnosis of pancreatic malignancy. In our study, the diameters of the target tumors in the EUS-FNA Group (Group B) were smaller than those in the US-FNA Group (Group A) and the deviation of distribution around the puncture site was smaller in the EUS-FNA Group than in the US-FNA Group. Our results indicated high performance through the use of EUS-FNA and are not inconsistent with those of Horwhat et al[12]. In the present study, there is no result on accuracy between the two groups, because as our institution is an oncology hospital, we hardly perform biopsies of benign cases. 

The benefits of EUS-FNA might be maximized to make a pathological diagnosis in patients with an abdominal tumor of an uncertain type. The definite merit of our EUS-FNA was thought to be quick cytological results, but perhaps success in this effort was mainly due to the contribution of an on-site cytotechnologist and not due to the EUS-FNA procedure itself. Iglesias-Garcia et al[28] claimed that on-site cytological evaluation improved the diagnostic yield of EUS-guided FNA for the cytological diagnosis of solid pancreatic masses. Savoy et al[29] pointed out that even trained endosonographers had variable and, in some cases, inferior abilities in interpreting on-site cytology in comparison with cytotechnologists. In the present study, we had adequate specimens for all cases in the EUS-FNA group. This is natural because we continued the examination until we obtained a sufficient quantity of specimens which were checked by the on-site cytotechnologist. On the contrary, there was no difference in the rate of adequate specimens obtained for histologic examination between the EUS-FNA group and US-FNA group, because the judgment of collecting tissue was checked by the examiner’s naked eyes in both groups. The presence of an on-site cytotechnologist to accompany EUS-FNA is considered to be necessary, at least, in high-volume centers.

In the present study, the positivity rate for malignancy was higher for EUS-FNA cytology than for histology. Supporting the present results, another study showed that the positivity rate for malignancy in EUS-FNA cytology of the pancreas was higher than that in histology[30].
As previously reported, EUS-needle core biopsy is useful for histological and cytological diagnosis in terms of sample volume[31]. In addition, the combined results of EUS-FNA cytology and EUS-needle core biopsy have been reported to improve diagnosis[32-34]. On the other hand, in order to confirm the malignancy, EUS-FNA cytology is more useful than EUS-needle core biopsy[35]. This result is similar to the results of our study, indicating that cytology might be more useful for the diagnosis of malignancy than histology. 

In this study, there was no cancer seeding in any patient of either group. As previously reported, there were rare cases of seeding among patients who underwent US-guided FNA[35]　. With regard to the puncture route, we suggest that there is less possibility of seeding in patients who undergo EUS-FNA than in patients who undergo US-FNA, although some recent studies showed the possibility of seeding in patients who underwent EUS-FNA [36-38]. We did inform patients who were scheduled to undergo EUS-FNA about the possibility of this complication.  
The limitations of this study include its retrospective nature. Furthermore, in the present study, there were no cases of benign pancreatic conditions to enable an evaluation of US and EUS-FNA in accurately differentiating between malignant and benign diseases.

In conclusion, EUS-FNA, as well as percutaneous needle aspiration, is an effective modality to obtain cytopathological confirmation in patients with advanced PC. EUS-FNA cytology was able to detect malignancy at a high rate. We believe that EUS-FNA has advantages for smaller tumors located deeply and for tumors in which the diagnosis is uncertain by various other imaging modalities. 
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Background

Ultrasonography-guided fine needle aspiration (US-FNA) biopsy or computed tomography (CT)-guided FNA biopsy was used for histological/cytological diagnosis of pancreatic carcinoma (PC). US-guided FNA is limited to masses in the pancreatic tail. CT-guided FNA is time-consuming and limited by a substantial false negative rate. There have been concerns about percutaneous cancer seeding and difficulty in puncturing for small tumors. Endoscopic ultrasound (EUS)-guided FNA has been developed as a more feasible method of obtaining definitive specimens for the diagnosis of PC. Studies on the results of the two different approaches to obtain pancreatic biopsy specimens, which are the percutaneous approach and EUS-FNA, have rarely been conducted.
Research　frontiers

The benefits of EUS-FNA might be maximized to be able to make a pathological diagnosis in patients with an abdominal tumor of an uncertain type.
Innovations and breakthroughs

EUS-FNA is effective and feasible for obtaining proof of cancer in PC chemotherapy candidates. In fact, EUS-FNA might have advantages with regard to obtaining specimens from small tumors or tumors in the pancreatic tail, for which performance of percutaneous biopsy is difficult.
Applications

The study results suggest that EUS-FNA is the best method of obtaining cytologic samples for diagnosis of unresectable pancreatic cancer. This method can be used for other types of cancer. 
Terminology

On-site cytotechnologist: An on-site cytotechnologist should attend the puncture examination to confirm quickly the existence of atypical cells. The information of the cytotechnologist is more appropriate than that of the endoscopist. 
Peer review 

This is a good descriptive study in which EUS-FNA is a feasible and safe technique to acquire pancreatic specimens. The results are interesting in that the advantages of EUS-FNA over the percutaneous procedure are regarding time between examination and diagnosis, and the possibility of puncture of small tumors and those in the tail of the pancreas.
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Table 1 Characteristics of patients and comparison of results of percutaneous biopsy with those of endoscopic ultrasound-guided fine-needle aspiration
	
	Percutaneous biopsy
(Group A)
	EUS-FNA
(Group B)
	P-value

	Patients
	46
	75
	

	Site of puncture
	
	
	

	Pancreas
	46
	74
	> 0.9999

	Head/body/tail
	12/32/2
	34/31/9
	0.0114

	Gender (male/female)
	25/21
	39/36
	> 0.8525

	Age, yr   
	
	
	> 0.8466

	≥ 65
	28
	48
	

	< 65 
	18
	27
	

	Tumor diameter, mm (range)
	44.8 (18-111)
	25.5 (7-70)
	

	≥ 40 
	30
	25
	0.0007

	 <40 
	16
	50
	

	Passes (range)
	2.26 (1-4)
	2.85 (2-5)
	< 0.0001

	Adequate specimens obtained1 n (%)
	
	
	

	Cytology 
	42 (91.3)
	75 (100)
	0.0192

	Histology 
	41 (89.1)
	65 (86.7)
	0.7812

	Positivity for cancer n (%)
	
	
	

	Cytology 
	33 (78.6)
	72 (94.6)
	0.0079

	Histology 
	33 (80.5)
	51 (78.4)
	> 0.9999

	Total n (%)
	43 (93.5)
	73 (97.3)
	0.3672

	Complications n (%)
	
	
	

	
	2 (4.3)
	1 (1.3)
	> 0.5567

	
	Fever 1

Bleeding 1
	Peritonitis 1
	

	Time from puncture to definitive diagnosis
	
	
	

	Cytology, d (range)
	4.05 (0-8)
	1.65 (0-5)
	< 0.0001

	Histology, d (range)
	3.95 (2-7)
	3.18 (2-10)
	0.7066


1An on-site pathologist was available for endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) but not for ultrasound-guided fine-needle aspiration (US-FNA). 
