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Abstract
AIM: To evaluate the efficacy of endoscopic ultra​sonography-guided fine needle aspiration (EUS-FNA) for grading pancreatic neuroendocrine tumors (PNETs).

METHODS: A total of 22 patients were diagnosed with PNET by EUS-FNA between October 2001 and December 2013 at Fukushima Medical University Hospital. Among these cases, we targeted 10 PNET patients who were evaluated according to the World Health Organization (WHO) 2010 classification. Surgery was performed in eight patients, and chemotherapy was performed in two patients due to multiple liver metastases．Specimens obtained by EUS-FNA were first stained with hematoxylin and eosin and then stained with chromogranin, synaptophysin, CD56, and Ki-67. The specimens were graded by the Ki-67 index according to the WHO 2010 classification. Specimens obtained by surgery were graded by the Ki-67 index and mitotic count (WHO 2010 classification). For the eight specimens obtained by EUS-FNA, the Ki-67 index results were compared with those obtained by surgery. In the two cases treated with chemotherapy, the effects and prognoses were evaluated.

RESULTS: The sampling rate for histological diagnosis by EUS-FNA was 100%. No adverse effects were observed. The concordance rate between specimens obtained by EUS-FNA and surgery was 87.5% (7/8). For the two cases treated with chemotherapy, case 1 received somatostatin analog therapy and transcatheter arterial infusion (TAI) targeting multiple liver metastases. Subsequent treatment consisted of everolimus. During chemotherapy, the primary tumor remained unconfirmed, although the multiple liver meta​stases diminished dramatically. Case 2 was classified as neuroendocrine carcinoma (NEC) according to the Ki-67 index of a specimen obtained by EUS-FNA; therefore, cisplatin and irinotecan therapy was started. However, severe adverse effects, including renal failure and diarrhea, were observed, and the therapy regimen was changed to cisplatin and etoposide. TAI targeting multiple liver metastases was performed. Although the liver metastases diminished, the primary tumor remained unconfirmed. These chemotherapy regimens had immediate effects for both unresectable neuroendocrine tumor (NET) and NEC cases. These two subjects are still alive.
CONCLUSION: EUS-FNA was effective for PNET diagnosis and Ki-67 index grading for WHO 2010 classi​fication, enabling informed decisions on unresec​table PNET treatment by identifying NET or NEC.
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Core tip: This is a retrospective study to evaluate the efficacy of endoscopic ultrasonography-guided fine needle aspiration (EUS-FNA) for grading pancreatic neuroendocrine tumors (PNETs). The concordance rate for grading between specimens obtained by EUS-FNA and surgery using the World Health Organization 2010 classification (Ki-67 indexing) was 87.5% in eight evaluated patients. In the two unresectable cases, chemotherapy was performed after grading was established based on the analysis of specimens obtained by EUS-FNA. Both treatments were adequately effective. EUS-FNA was useful for diagnosing PNET and enabled informed decisions on appropriate treatment plans by identifying neuroendocrine tumor or neuroendocrine carcinoma.

INTRODUCTION
Neuroendocrine tumors (NETs) develop from neuro​endocrine cells distributed throughout the body. Pancreatic NET (PNET) and gastrointestinal NET are classified together into G1 and G2 and neuroendocrine carcinoma (NEC) by the World Health Organization (WHO) 2010 classification, which is based on growth morphology (mitotic count and Ki-67 index)[1]. While PNET is rare, accounting for only 2%-5% of pancreatic tumors[2], more cases have been reported in recent years, correlating with the use of more sophisticated diagnostic imaging methods.

To develop PNET treatment plans, guidelines have been issued from the National Comprehensive Cancer Network (NCCN)[3], North American Neuroen​docrine Tumor Society (NANETS)[4], and European Neuroendocrine Tumor Society (ENETS)[5]. Regardless of grade, the first treatment choice for resectable tumors is surgery. PNET spreads to the liver in 10%-50% of cases[6-9], and treatment of liver metastasis includes surgery for the primary lesion, transcatheter arterial embolization, or transcatheter arterial chemoembolization[5]. In case of multiple, unresectable liver metastases or metastases in non-hepatic organs, antihormone or antitumor therapies are applied[3-5].

Antitumor therapy varies between NET and NEC. Everolimus or sunitinib has been reported to be useful for NET G1 or G2[10,11]. Meanwhile, approved chemotherapy regimens for NEC based on large clinical trials do not exist due to scarcity of data. Therefore, chemotherapy for small cell lung carcinoma is applied, as its behavior resembles NEC. It has been reported that the response rate to cisplatin and etoposide therapy for NEC is 42%-67%[12,13]. In addition, cisplatin and irinotecan therapy has also been used in NEC, as this therapy has been reported to be more efficient in small cell lung carcinoma[14].

Thus, it is important to sample sufficiently and accurately establish the grade to enable informed decisions on the treatment of unresectable PNET. Endoscopic ultrasonography-guided fine needle aspiration (EUS-FNA) has been reported to be useful for diagnosing pancreatic masses, including NET[15]. The accuracy of EUS-FNA has been reported as 80% for diagnosing PNET[16,17]. In this study, we evaluated the efficacy of EUS-FNA for diagnosing the Ki-67 index grade.

MATERIALS AND METHODS
Study design

A total of 22 patients were diagnosed with PNET by EUS-FNA from October 2001 to December 2013 at Fukushima Medical University Hospital. Among these cases, we targeted 10 patients who were evaluated by the 2010 WHO classification. Surgery was performed in eight patients, and chemotherapy was performed in the remaining two patients due to multiple liver metastases. The Ki-67 indices of the eight surgery cases were evaluated using specimens obtained by EUS-FNA and by surgery; for the two cases where chemotherapy was administered, the prognosis was evaluated. The study was approved by the ethics committee of Fukushima Medical University.

EUS-FNA

The endoscopic and ultrasonic equipment used in this study included GF-UCT260 or GF-UC240P, and EU-ME1 or EU-ME2 (Olympus Medical Systems, Tokyo, Japan). The biopsy needles were Expect 22G (Boston Scientific, MA, United States), EZ shot 22G (Olympus Medical Systems), or Echotip 19 or 22 or 25G (Cook Medical Inc., NC, United States).

All patients were sedated with midazolam before endoscopy. After the target lesion was visualized on the monitor, a needle biopsy was performed while confirming no blood flow on the puncture line. The needle was inserted through the gastrointestinal wall into the target lesion under EUS guidance with visualization of the needle in real time. After guiding the needle into the target lesion, the stylet was withdrawn, and the needle was moved back and forth within the lesion 20 times while negative pressure was applied using a 20 mL syringe connected to the end of the needle. Twenty multi-direction strokes were performed toward the target lesion for optimal sampling. An additional puncture was performed toward a different part of the tumor than was previously sampled. Suction was released, and the needle was withdrawn from the target lesion. Microscope slides were prepared from the biopsy sample and stained with Cyto-Quick stain. The slides were assessed by Rapid on-site cytological evaluation (ROSE)[18]. If the sample was adequate, the sampling was complete. If the sample was not sufficient, another needle aspiration was performed. After staining specimens with hematoxylin and eosin, chromogranin (DAKO, Glostrup, Denmark), synaptophysin (DAKO, Glostrup, Denmark), CD56 (ZYMED, Carlsbad, United States), and Ki-67 (DAKO, Glostrup, Denmark), the cases were graded according to the WHO 2010 classification based on the Ki-67 index (Figure 1). The specimens obtained by surgery were graded by the Ki-67 index and mitotic count as stipulated by the WHO 2010 classification.

RESULTS
The eight cases for which surgery was performed are summarized in Table 1. The patients were aged 44-79 years and included five males and three females. The major tumor axes ranged from 4.4-40 mm. The pancreatic locations of tumors were the head (n = 4), body (n = 2), and tail (n = 2). The median number of needle passes was 3.5 (2-5). One case was performed using a needle with a diameter of 19G, while the other cases were biopsied with 22G needles. Cases 7 and 8 utilized 22G and 25G needles. The sampling rate for histologic diagnosis was 100%; therefore, sufficient specimens were obtained. No adverse effects were observed. The specimens of EUS-FNA matched those obtained by surgery in eight cases. The concordance rate between EUS-FNA and surgery specimens was 87.5% (7/8) (Table 1). Liver metastases were observed in patient 6; however, tumor metastases or relapses have not been observed in the other surgical cases.

Chemotherapy was administered in two unre​sectable cases (Table 2). Patient 1 was started on somatostatin analog therapy, and transcatheter arterial infusion (TAI) was performed to target multiple liver metastases. After these initial treatments, the patient began taking everolimus. During chemotherapy, the primary tumor remained unconfirmed, though the countless liver metastases diminished dramatically. Patient 2 was classified as NEC based on the Ki-67 index of a specimen obtained by EUS-FNA and was therefore started on cisplatin and irinotecan therapy. Severe adverse effects, including renal failure and diarrhea, were observed; therefore, the regimen was changed to cisplatin and etoposide. TAI targeting multiple liver metastases was performed, resulting in diminished size of the metastases. However, the primary tumor remained unconfirmed. These two cases are still alive.

DISCUSSION
When Ki-67 indices of specimens obtained by EUS-FNA are evaluated, it is important to take into account whether such indices reflect the entire tumor. Reports on this topic are scarce, as the WHO classification of NET was revised in 2010, and cases of NET are rare. Here, we evaluated the diagnostic accuracy of PNET grading by EUS-FNA. According to our data, the concordance rate with surgical specimens was 87.5%. Furthermore, the effectiveness was also recognized for patients receiving chemotherapy. Liver metastases after surgery were observed in one case.

Larghi et al[19] compared specimens obtained by EUS-FNA with samples obtained by surgery in 12 PNET cases and found a concordance rate of 83.3% (10/12). One case was diagnosed with NET G1 by the EUS-FNA specimen but with NET G2 by the surgery specimen. An additional case was diagnosed with NET G2 by EUS-FNA but NET G1 by surgery. Hasegawa et al[20] reported that the concordance rate between EUS-FNA specimens and surgery specimens was 74.0% (20/27) when the EUS-FNA specimens were classified by average Ki-67 index, but the concordance rate was 77.8% (21/27) if the EUS-FNA specimens were classified by the highest Ki-67 index. In that report, one case was diagnosed as NEC by surgery but was diagnosed as NET G2 by the EUS-FNA specimen if classified by the average Ki-67 index. However, if classified by the highest Ki-67 index, the two cases diagnosed as NEC by surgery were diagnosed as NEC by EUS-FNA as well. Unno et al[21] compared specimens obtained by EUS-FNA with samples obtained by surgery in 19 PNET cases and found a concordance rate of 89.5% (17/19). One case was diagnosed with NET G2 by the EUS-FNA specimen but with NET G3 by the surgery specimen. Additionally, another case was diagnosed with NET G1 by EUS-FNA but NET G2 by surgery. In our hospital, the only case diagnosed as NET G1 by EUS-FNA was diagnosed as NET G2 by surgery. Moreover, in a report before 2010, Piani et al[22] compared specimens obtained by EUS-FNA and those obtained by surgery in 18 cases. They reported that the concordance rate was 89% if 2% was used as the Ki-67 index cut-off value, and the concordance rate was 78% if a Ki-67 index range of 2% to 10% was used as the cut-off value. Although this cut-off differs from the current cut-off value, a high concordance rate between EUS-FNA specimens and surgery specimens was shown. In these three reports and the present report, concordance rates between grades established by EUS-FNA and surgery were consistently between 70%-80%, and the concordance rate in differentiating lesions as NET or NEC was 98.5% (65/66).

In our study, liver metastases after surgery were observed in one case of NET G2. Pape et al[23] confirmed an increased survival risk for patients with grade 2 or 3 gastroenteropancreatic NET. Jann et al[24] reported that prognoses were statistically worse in patients with grade 2 or 3 NETs in the midgut and hindgut. Therefore, more cautious observation is necessary in patients with NET G2 or G3.

If lesions are unresectable, chemotherapy differs between NET and NEC. Therefore, diagnosing the grade of NET by EUS-FNA must be efficient for determining the chemotherapy choice. The chemotherapy admini​stered in the two cases in this study was sufficiently effective, as evidenced by the fact that the expected progression-free survival of everolimus is 11 mo, and the expected response rate of cisplatin + etoposide therapy ranges from 42% to 67%[12,13]. Although there were only two cases in the present study, both were diagnosed and treated adequately based on conclusions drawn from the EUS-FNA data.

When using EUS-FNA for diagnosing PNETs, there are expected difficulties in obtaining specimens due to bleeding and blood contamination from abundant blood flow. Therefore, methods for obtaining sufficient specimens for immunostaining are required. In two previous reports, Larghi et al[19] used 19G needles, and Hasegawa et al[20] adopted the fanning method reported by Bang et al[25] in 2013. Moreover, Eloubeidi et al[26] performed EUS-FNA without negative pressure and diagnosed 13 cases of PNET. In this study, we applied the fanning method, and Ki-67 indices were evaluable for 10/11 cases for which Ki-67 staining was performed; one case was not evaluable. Therefore, a good concordance rate of grading between EUS-FNA and surgery specimens was observed by this approach.

There are certain limitations to the present study. First, the research was carried out at a single institution with a small number of patients, and it was a retrospective study. Further accumulation of study data is needed for a better comparison of Ki-67 indices between EUS-FNA and surgery specimens. Considering that PNET is relatively rare, it is useful to describe decisions on treatment regimens guided only by EUS-FNA specimens for future medical care. Second, the research evaluated only the Ki-67 index of EUS-FNA specimens. It was reported that K-ras mutations were observed in certain NET patients[27,28], and K-ras status might be correlated with malignancy of NET in the future. The Ki-67 index correlates with the prognosis of NET[24] and is a predictive factor for the effect of chemotherapy. Sorbye et al[29] reported that gastrointestinal NEC patients with Ki-67 < 55% had a lower response rate to platinum-based chemotherapy than patients with Ki-67 ≥ 55% (15% vs 42%). Scoazec et al[30] reported that 20% of gastrointestinal NET and PNET cases diagnosed as NEC by the WHO 2010 classification were well differentiated; therefore, it is thought that well differentiated tumors could be included in NEC cases that do not respond to platinum-based chemotherapy. In this report, the Ki-67 index of the NEC patients was 48.6%; however, the specimens obtained by EUS-FNA showed poor differentiation. Therefore, platinum-based chemotherapy was indicated in this patient, and it was effective.

In conclusion, EUS-FNA is useful for diagnosing the Ki-67 index grade of PNET and for deciding treatment regimens.

COMMENTS
Background

Neuroendocrine tumors (NETs) develop from neuroendocrine cells distributed throughout the body. Pancreatic NETs (PNETs) are classified into G1, G2 and neuroendocrine carcinoma (NEC) by the WHO 2010 classification based on growth morphology (mitotic count and Ki-67 index). The first choice in PNET treatment is surgery, though in cases of multiple, unresectable liver metastases or metastases in non-hepatic organs, antihormone or antitumor therapies are applied. Antitumor therapy differs for NET and NEC. Everolimus or sunitinib is useful for NET G1 or G2, while small lung cell carcinoma chemotherapy is used for NEC, as their behaviors are similar. Thus, it is important to sample sufficiently and to accurately establish the grade in order to choose treatments for unresectable PNET. In this study, we evaluated the efficacy of endoscopic ultrasonography-guided fine needle aspiration (EUS-FNA) for diagnosing the Ki-67 index grade.

Research frontiers

EUS-FNA is important for determining treatment of PNET, a rare tumor. Few prior reports contain analyses of Ki-67 staining, EUS-FNA, and surgery. The results of this study contribute to clarifying the diagnostic potential of EUS-FNA for PNET grading.

Innovations and breakthroughs

In this study, EUS-FNA was a useful tool for diagnosing the Ki-67 index of PNET. The concordance rate between EUS-FNA and surgery was 87.5%. These results are in agreement with previous reports. However, in this report, two patients received chemotherapy based only on the Ki-67 index of EUS-FNA specimens, and the therapeutic values for both PNET and pancreatic NEC were evaluated. This emphasizes the accuracy of EUS-FNA for diagnosing the Ki-67 index in PNET.

Applications

This study suggests that EUS-FNA is useful for diagnosing PNET or PNEC. If a patient is diagnosed with unresectable PNET, chemotherapy can be chosen based on the Ki-67 index of the EUS-FNA specimen.

Terminology

EUS: an endoscopic procedure that enables observation of the chest and abdominal organs in the gastrointestinal tract. EUS-FNA: a technique to obtain specimens of chest and abdominal lesions by EUS guidance by puncturing the gastrointestinal tract.

Peer-review

The author of this paper evaluated the efficacy of EUS-FNA for grading PNET using the Ki-67 index and compared the results with those obtained by surgery from 10 patients. A promising concordance rate (7/8) between the specimens obtained by EUS-FNA and those obtained by surgery was found, and further clinical trials in a large population of PNET patients will be valuable.
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FIGURE LEGENDS

Figure 1  Method of endoscopic ultrasonography-guided fine needle aspiration. A: Abdominal contrast computed tomography. An enhancing tumor was recognized in the body of the pancreas; B: EUS-FNA. The tumor was recognized as a low echoic lesion with distinct boundaries; a 22G needle was inserted into the tumor; C: A specimen obtained by EUS-FNA (HE staining). Tumor cells with oval nuclei and acidophilic granular cytoplasm proliferated diffusely; D: A specimen obtained by EUS-FNA (Chromogranin A staining). Tumor cells were Chromogranin A-positive; E: A specimen taken by EUS-FNA (CD56 staining). Tumor cells were CD56-positive; F: A specimen taken by EUS-FNA (Ki-67 antibody staining). The Ki-67 index was 0.4% with tumor grade G1. EUS-FNA: endoscopic ultrasonography-guided fine needle aspiration.
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Table 1  Comparison of specimens obtained by endoscopic ultrasonography-guided fine needle aspiration and surgery


�
Sex�
Age (yr)�
Size (mm)�
Location of tumor�
No. of needle passes�
Needle (G)�
EUS-FNA specimen�
Surgery specimen�
�
�
�
�
�
�
�
�
Ki-67 index�
Grade�
Ki-67 index�
Mitotic count (/10HPF)�
Grade�
�
1�
M�
71�
     4.4�
Tail�
5�
19�
< 2.0%�
G1�
< 2.0%�
  0�
G1�
�
2�
F�
79�
19�
Head�
4�
22�
    0.8%�
G1�
< 2.0%�
  0�
G1�
�
3�
M�
44�
31�
Head�
2�
22�
    1.8%�
G1�
    0.1%�
  0�
G1�
�
4�
F�
51�
10�
Body�
3�
22�
    0.4%�
G1�
  1.97%�
  0�
G1�
�
5�
M�
75�
40�
Tail�
3�
22�
    7.0%�
G2�
  7.13%�
  2�
G2�
�
6�
M�
49�
31�
Body�
3�
22�
  4.54%�
G2�
  < 20%�
11�
G2�
�
7�
F�
46�
30�
Head�
3�
22, 25�
< 2.0%�
G1�
    7.5%�
15�
G2�
�
8�
M�
55�
40�
Head�
2�
25�
    1.8%�
G1�
 < 1.0%�
  0�
G1�
�
Tumor grades were concordant between specimens of EUS-FNA and those obtained by operation, except in case no. 7. The concordance rate between specimens of EUS-FNA and surgery was 87.5% (7/8). M: Male; F: Female; EUS-FNA: Endoscopic ultrasonography-guided fine needle aspiration.





Table 2  Prognosis of patients treated by chemotherapy


�
Sex�
Age (yr)�
Size (mm)�
Location of tumor�
No. of needle passes�
Needle (G)�
Metastasis�
EUS-FNA�
Therapy�
Prognosis�
�
�
�
�
�
�
�
�
�
Ki-67 index �
Grade�
�
�
�
1�
M�
64�
45�
Head�
3�
22�
Liver�
10.0%�
G2�
Everolimus�
PR�
�
�
�
�
�
�
�
�
�
�
�
TAI�
15 mo survival antemortem�
�
2�
M�
73�
30�
Tail�
1�
22�
Liver�
48.6%�
NEC�
IP→PE�
PR �
�
�
�
�
�
�
�
�
�
�
�
TAI�
12 mo survival antemortem�
�
Two cases were treated by chemotherapy due to multiple liver metastases. Case 1 was diagnosed with NET G1 by EUS-FNA and was started on somatostatin analog therapy. After that, the patient began taking everolimus. Case 2 was diagnosed as NEC by EUS-FNA and therefore started on cisplatin and irinotecan therapy. However, severe adverse effects, including renal failure and diarrhea, were observed; therefore, the regimen was changed to cisplatin and etoposide. In these two cases, transcatheter arterial infusion targeting the multiple liver metastases was performed. During treatment, the primary tumors remained unconfirmed, but the multiple liver metastases diminished dramatically in both cases. M: Male; TAI: Transcatheter arterial infusion; IP: Cisplatin and irinotecan therapy; PE: Cisplatin and etoposide therapy; PR: Partial response; NETs: Neuroendocrine tumors; NEC: Neuroendocrine carcinoma; EUS-FNA: Endoscopic ultrasonography-guided fine needle aspiration.
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