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Background/Aims: The management of small, incidentally discovered nonfunctioning pancreatic neuroendocrine tumors (NF-PNETs) 
has been a matter of debate. Endoscopic ultrasound with fine-needle aspiration (EUS-FNA) is a tool used to identify and risk-stratify 
PNETs. This study investigates the concordance rate of Ki67 grading between EUS-FNA and surgical pathology specimens in NF-
PNETs and whether certain NF-PNET characteristics are associated with disease recurrence and disease-related death. 
Methods: We retrospectively reviewed the clinical history, imaging, endoscopic findings, and pathology records of 37 cases of NF-
PNETs that underwent pre-operative EUS-FNA and surgical resection at a single academic medical center. 
Results: There was 73% concordance between Ki67 obtained from EUS-FNA cytology and surgical pathology specimens; concordance 
was the highest for low- and high-grade NF-PNETs. High-grade Ki67 NF-PNETs based on cytology (p=0.028) and histology (p=0.028) 
were associated with disease recurrence and disease-related death. Additionally, tumors with high-grade mitotic rate (p=0.005), tumor 
size >22.5 mm (p=0.104), and lymphovascular invasion (p=0.103) were more likely to have poor prognosis. 
Conclusions: NF-PNETs with high-grade Ki67 on EUS-FNA have poor prognosis despite surgical resection. NF-PNETs with 
intermediate-grade Ki67 on EUS-FNA should be strongly considered for surgical resection. NF-PNETs with low-grade Ki67 on EUS-
FNA can be monitored without surgical intervention, up to tumor size 20 mm. Clin Endosc  2020;53:213-220
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INTRodUCTIoN 

Malignant pancreatic neuroendocrine tumors (PNETs) are 
clinically rare and heterogeneous neoplasms that represent 
<3% of all pancreatic malignancies.1,2 PNETs are clinically 

divided into two categories: functioning and nonfunction-
ing. While functioning PNETs secrete hormones that cause 
symptoms, nonfunctioning PNETs (NF-PNETs) are generally 
asymptomatic until they grow large enough to cause mass 
effect or until they metastasize. The incidence of PNETs is 
<1/100,000 cases annually, although autopsy studies have 
found prevalence rates between 0.8 to 10%.1-5 In the last de-
cade, increased use of cross-sectional imaging has led to a 
steady rise in diagnosis of NF-PNETs due to incidental detec-
tion.6-8

Surgery has been the standard management for PNETs. For 
functioning PNETs that are symptomatic, surgical resection 
is curative. However, for NF-PNETs that are small, asymp-
tomatic, and vary in growth rate and malignant potential, it is 
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unclear when surgery has to be indicated. Although some case 
series have indicated that surgical resection is correlated with 
increased overall survival of NF-PNET patients, 9-11 more re-
cent studies have demonstrated that small NF-PNETs (variably 
defined as <3.0 cm) have low risk of progression and metas-
tasis and may not benefit from surgery.12-16 Additionally, these 
studies report that these small tumors (<2.0 cm) are more like-
ly to be incidentally discovered and benign. Thus, although 
the National Comprehensive Cancer Network recommends 
surgical resection for most patients with localized disease, 
it states that observation is an option for small incidentally 
discovered NF-PNETs.17 Similarly, the 2016 European Neu-
roendocrine Tumor Society (ENETS) Consensus Guidelines 
urged physicians to weigh the risk-benefit ratio of surgery for 
asymptomatic tumors less than 2.0 cm.18 

Ki67 is a marker of cell proliferation and has been used in 
PNET grading, with higher values indicating more aggressive 
behavior. Numerous studies investigating NF-PNETs have 
found tumor diameter, Ki67 proliferative index >2%, and/or 
presence of lymph node disease to be predictive of malignant 
potential and worse outcomes.1,5,7,9,19-25 Endoscopic ultrasound 
with fine-needle aspiration (EUS-FNA) is a validated method 
used to identify, measure, sample, and risk-stratify all PNETs 
according to these prognostic factors.23,26,27 Prior studies have 
evaluated the concordance between Ki67 indices obtained 
from EUS-FNA cytology and from surgical pathology spec-
imens in all (functioning and nonfunctioning) PNETs.8,28-34 
These studies have found Ki67 concordance rates ranging 
between 69.2% and 92%. Ki67 discordance between cytology 
and histology is seen primarily in intermediate- and high-
grade tumors that have higher tumor heterogeneity and larger 
tumor size.8,27,34 Thus far, only Larghi et al. has investigated 
Ki67 concordance between cytology and histology specifically 
in NF-PNETs.29 Further investigation of these factors may be 
key to assessing malignant potential and determining man-
agement of small NF-PNETs. 

This is the largest single-center study investigating the con-
cordance rate of Ki67 grading between EUS-FNA cytology 
and surgical pathology specimens in NF-PNETs. This study 
also investigates whether NF-PNET characteristics such as tu-
mor size, mitotic rate, lymph node involvement, and lympho-
vascular invasion during surgical resection can lead to poor 
clinical outcomes such as disease recurrence and disease-relat-
ed death.

MATERIAls ANd METhods

This study design was approved by the Human Subjects 
Institutional Review Board of the New York Presbyterian-Co-

lumbia University Irving Medical Center. All cases of EUS-
FNA involving pancreatic lesions performed at our hospital 
between January 2005 and December 2015 were retrospective-
ly reviewed. Patients with NF-PNETs who underwent both 
pre-operative EUS-FNA and surgical resection were identified. 
Pathology records were reviewed and, in cases without Ki67 
immunohistochemistry, Ki-67 immunostain was performed. 
Paucicellular cytology specimens (i.e., <200 cells) and cases 
without cell blocks for Ki67 immunohistochemistry were 
excluded. Additionally, in an attempt to keep the sample uni-
form, PNET patients with multiple endocrine neoplasia type I 
syndrome or mixed cellular features (i.e., neuroendocrine with 
adenocarcinoma and/or acinar cell carcinoma) were excluded. 
A total of 37 cases fulfilled the inclusion criteria. 

EUS-FNA was performed by, or under the supervision of, 
three advanced endoscopists. The needle size, needle type, and 
number of passes were determined at the discretion of the en-
doscopists. 

Immunohistological staining for Ki67 was performed on 
the cytology and surgical pathology specimens using clone 
30-9 on Benchmark Ultra platform using Ultraview diami-
nobenzidine tetrahydrochloride detection kit from Ventana. 
Staining was evaluated by three cytopathologists and/or pa-
thologists experienced in gastrointestinal surgical pathology. 
Samples were graded according to the 2017 World Health 
Organization (WHO) criteria. Ki67 indices of EUS-FNA 
and surgical resection specimens were each classified as low- 
(<3%), intermediate- (3%–20%), or high-grade (>20%) based 
on manual counting. Mitotic rates of surgical resection speci-
mens were classified as low- (<2 per 10 high power field [HPF]), 
intermediate- (2–20 per 10 HPF), or high-grade (>20 per 10 
HPF). 

statistical analysis
All patient cases were included in statistical analysis com-

paring concordance rates of (1) Ki67 grading between EUS-
FNA cytology and surgical pathology specimens and (2) Ki67 
grading and mitotic rate grading of surgical pathology speci-
mens. 

All patients, except one patient with synchronous metastasis 
during diagnosis, were included in the Kaplan–Meier estima-
tor for disease recurrence. Fisher’s exact test was used for uni-
variate analysis to determine the risk factors associated with 
disease-related death and disease recurrence. One patient had 
a NF-PNET resection with disease recurrence at seven years 
after surgical resection. This patient’s second tumor data was 
excluded from receiver operating characteristic (ROC) curve 
analysis and Fisher’s exact test. P-values less than 0.05 were 
regarded as statistically significant. Given our sample size, 
odds ratios were calculated with a two-by-two table instead of 
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logistic regression. 
All data were analyzed with SPSS 24.0 for Windows.

REsUlTs

Patients and EUs procedures
From 2005 to 2015, 36 patients (62% female; median age, 62 

years; range, 38–83 years) with NF-PNETs underwent both 
EUS-FNA and surgical resection of their tumors. One patient 
was included twice as she developed recurrence seven years 
after her initial surgical resection; she underwent both EUS-
FNA and surgical resection during recurrence. 

Tumor size ranged from 7 to 170 mm (median, 25 mm; 
mean, 40 mm). Thirteen tumors (35.1%) were located in the 
head, 23 (62.2%) were located in the body and tail, and 1 
was found throughout the entire pancreas (size, 65 mm). At 
the time of resection, positive lymph nodes were found in 
11 (29.7%) cases, lymphovascular invasion was present in 17 
(45.9%), and synchronous metastasis was present in 1 (2.7%) 
case (Table 1).

Needle sizes used for EUS-FNA sampling included 19 G, 

Table 1. Non-Functioning Pancreatic Neuroendocrine Tumor Characteristics 
(n=37)

Characteristics n %

Ki67 grading based on surgical resection 
specimen    

Low grade (<3%) 24 64.9

Intermediate grade (3%–20%) 8 21.6

High grade (20%)  5  13.5

Mitotic rate based on surgical resection spec-
imen    

Low grade (<2 per 10 HPF) 27 73.0

Intermediate (2–20 per 10 HPF) 4 10.8

High 6 16.2

Location    

Head 13 35.1

Body and tail 23 62.2

Entire pancreas  1 2.7

Size    

≤16.5 mm 30 81.1

>16.5 mm 7 18.9

Surgery findings    

Positive lymph nodes 11 29.7

Lymphovascular invasion  17 45.9

HPF, high power field. Ta
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22 G, and 25 G. In 16 cases, only 25 G needles were used; in 
8 cases, only 22 G needles were used; in the remaining cases, 
a combination of needle sizes was used. Number of passes 
ranged from 1 to 9 passes, with a mean and median of 5 pass-
es. Time from the EUS-FNA to surgical resection ranged from 
3 days to 115 days, with an average of 31.2 days.

Clinical outcome
Five patients were lost to follow-up within three months 

following resection. For those who remained in follow-up, av-
erage follow-up was 49.9 months (range, 4.6 to 134.1 months) 
and average disease-free survival was 53.9 months.

One patient had high-grade Ki67 and synchronous me-
tastasis during diagnosis and died eventually. Seven patients 
developed disease recurrence following resection (range, 3 to 

84 months). Six of these patients had lymphovascular invasion 
and four patients concomitantly had positive lymph nodes 
during initial resection. In two cases with high-grade Ki67, 
time to disease recurrence was ≤6 months and disease-related 
death was the eventual clinical outcome. This is compared to 
four low-grade cases and one intermediate-grade Ki67 case 
that had disease recurrence between 16 and 84 months (Table 2).

Concordance of Ki67 grading between EUs-FNA 
cytology and surgical resection specimen histology

Twenty-seven out of 37 cases (73.0%) had concordant Ki67 
grades between cytology and histology (Table 3). Concor-
dance was the highest in (20/24) low-grade tumors and (4/5) 
high-grade tumors, with positive predictive values of 80.0% 
and 100% respectively. Only 3 of 8 cases of intermediate tu-
mors were concordant, with a positive predictive value of 
37.5%. 

In the ten discordant cases, four tumors graded as inter-
mediate by EUS-FNA were downgraded to low after surgical 
resection; five tumors graded as low by EUS-FNA were up-
graded to intermediate after surgical resection; and one tumor 
that was graded as intermediate by EUS-FNA was upgraded 
to high after surgical resection.

In all cases that were upgraded, tumor size was equal to or 
greater than 25 mm. In cases that were downgraded, tumor 
size ranged from 10 mm to 140 mm. Number of passes and 
location did not differ significantly in discordant cases. In 
cases that were later upgraded, number of passes ranged from 
three to nine. In cases that were later downgraded, number 
of passes ranged from two to eight (Table 4). Time between 
EUS-FNA and surgical resection did not differ significantly 

Table 3. Concordance of Grading between Surgical Pathology Ki67 versus 
EUS-FNA Ki67 versus Surgical Mitotic Rate

surgical pathology Ki67

low Intermediate high

EUS-FNA Ki67 Low 20a) 5 0

Intermediate 4 3a) 1

High 0 0 4a)

Surgical  
mitotic rate

Low 22a) 5 0

Intermediate 1 3a) 0

High 1 0 5a)

Total 24 8 5

EUS-FNA, endoscopic ultrasound with fine-needle aspiration.
a)Indicates concordance with surgical pathology Ki67 grading.

Table 4. Characteristics of Discordant Ki67 Cases

Patient case EUs-FNA Ki67 
grade

surgical pathology 
Ki67 grade

Tumor size 
(mm) Tumor location Number of passes Needle size(s)

Upgraded

1 L I 60 Head 3 25 G

2 L I 55 Tail 3 22 G

3 I H 25 Body 5 22 G

4 L I 27 Head 9 25 G

5 L I 117 Body 6 19 G, 22 G

6 L I 40 Tail 5 22 G, 25 G

Downgraded

7 I L 10 Tail 3 19 G, 22 G

8 I L 140 Head 2 19 G

9 I L 20 Tail 8 19 G, 22 G

10 I L 17 Tail 4 25 G

EUS-FNA, endoscopic ultrasound with fine-needle aspiration; H, high; I, intermediate; L, low.
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between tumors with concordant versus discordant Ki67 
grading. 

Concordance between Ki67 grading and mitotic 
rate grading in surgical resection specimens

Thirty out of 37 cases (81.1%) had concordance between 
Ki67 grading and mitotic rate grading in surgical resected 
specimens. Concordance was the highest in (22/24) low-grade 
tumors and (5/5) high-grade tumors, with positive predictive 
values of 81.5% and 83.3% respectively. Only 3 out of 8 inter-
mediate-grade tumors were concordant (Table 3).

Prognostic factors for disease-related death and dis-
ease recurrence

Three patients had disease-related death during the fol-
low-up period. All three patients had high-grade Ki67 on both 
EUS-FNA cytology and surgical resection specimen histology. 
One had synchronous metastasis during diagnosis with time 
to disease-related death at 46 months; the other two had dis-
ease recurrence within 6 months of surgical resection and had 
disease-related death at 8 months and 18 months, respectively. 

Because time to disease-related death can be long, we de-
fined “poor prognosis” as either disease-related death or dis-
ease recurrence and investigated factors leading to those out-
comes. ROC curve analysis showed that tumor size ≤16.5 mm 
would be able to exclude all NF-PNETs with poor prognosis, 
while tumor size ≤22.5 mm would be able to exclude 87.5% of 
NF-PNETs with poor prognosis, area under the curve=0.743. 
Univariate analysis confirmed EUS-FNA Ki67 ≥20% (p=0.028), 
surgical Ki67 ≥20% (p=0.028), and mitotic rate >20 per 10 HPF 
(p=0.005) to be significantly associated with poor prognosis 
(Table 5).

Because only high-grade Ki67 NF-PNETs were significantly 
predictive of poor prognosis, our Kaplan Meier analysis inves-
tigated time to disease recurrence for high-grade versus low- 
and intermediate-grade tumors based on surgical Ki67 grad-
ing. The Kaplan Meier estimator demonstrated a significantly 
shorter amount of time to disease recurrence for high-grade 
tumors compared to low- and intermediate-grade tumors (Fig. 1).

Those with lymphovascular invasion during surgical re-
section were more likely to have poor prognosis (37.5%) 
compared to those without lymphovascular invasion (10%). 
However, this association did not meet statistical significance 
(p=0.103). Similarly, tumor size >22.5 mm tended to correlate 
with poor prognosis (33.3%) compared to those with smaller 
tumor size ≤22.5 mm (6.7%), but this association was not sta-
tistically significant (p=0.104). Positive lymph nodes were not 
associated with poor prognosis. 

dIsCUssIoN

Concordance
This retrospective study is the largest single-center series 

(n=37) investigating Ki67 concordance between EUS-FNA 
cytology and surgical pathology specimens in NF-PNETs. 
Prior series have shown Ki67 concordance rates ranging be-
tween 69.2% and 92% in all PNETs.8,28-34 However, only Larghi 

Table 5. Association between Clinical Features and Poor Prognosis (n=35)

n odds ratio p-value

Surgical pathology Ki67 >3% 12 2.5 0.397

Surgical pathology Ki67 ≥20% 4 16.2 0.028

EUS-FNA Ki67 >3% 11 3 0.214

EUS-FNA Ki67 ≥20% 4 16.2 0.028

Mitotic rate >2/10 HPF 9 4.6 0.086

Mitotic rate >20/10 HPF 5 27 0.005

Size >16.5 mm 29 48.7 0.309

Size >22.5 mm 21 7 0.104

Positive lymph nodes at time of 
surgery

11 3 0.214

Lymphovascular invasion 16 5.4 0.103

EUS-FNA, endoscopic ultrasound with fine-needle aspiration; 
HPF, high power field.

Fig. 1. Time to disease recurrence for low- and intermediate-grade versus 
high-grade nonfunctioning pancreatic neuroendocrine tumors (NF-PNETs), 
based on surgical pathology Ki67 of 35 NF-PNET cases. 
Green line = NF-PNETs with high-grade Ki67, Blue line = NF-PNETs with low- 
and intermediate-grade Ki67.
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et al. have validated EUS-FNA as an accurate technique for 
Ki67 determination in NF-PNETs specifically.29 Our study 
reports a 73% concordance of Ki67 between cytological and 
resected tissue samples. Concordance rates were the highest in 
low- and high-grade PNETs based on surgical Ki67. However, 
similar to previous studies, intermediate-grade tumors had a 
lower concordance rate between Ki67 grading on EUS-FNA 
cytology and surgical resection histology.8,25,27 The lower Ki67 
concordance rate in our intermediate-grade NF-PNETs could 
be due to several causes including the following: (1) intratu-
moral heterogeneity that is reported to be higher in interme-
diate-grade surgical Ki67 tumors than in low-grade surgical 
Ki67 tumors;25 (2) increased tumor size, which may contribute 
to increased intratumoral heterogeneity;27 or (3) lower cell 
count from EUS-FNA sampling, as Hasegawa et al. noted 
increased Ki67 concordance rates from 77.8% to 90% when 
patients with <2,000 tumor cells were excluded.8 Overall, our 
Ki67 concordance rate was consistent with prior studies con-
sidering both functioning and NF-PNETs, but on the lower 
end of the range of previously reported concordance rates. 
This finding may be attributed to increased intratumoral het-
erogeneity related to larger tumor size, as our average tumor 
size was 40 mm. Another possibility is that NF-PNETs may 
have higher intratumoral heterogeneity compared to func-
tioning PNETs, thus contributing to lower Ki67 concordance 
rates. 

operative versus observational management
Due to increased use of cross-sectional imaging, incidental 

detection of NF-PNETs has increased. Risk stratification of 
these asymptomatic but clinically unpredictable tumors is im-
portant in determining management. Many studies have re-
ported elevated Ki67 as a poor prognostic marker for PNETs. 
Hamilton et al. found that tumors with surgical Ki67 >9% 
were more likely to have disease recurrence and decreased 
overall survival, while Bettini et al. reported surgical Ki67 >5% 
to be associated with disease-related mortality.20,22 Our study 
confirms elevated Ki67 as a poor prognostic factor for disease 
recurrence and disease-related death in both EUS-FNA and 
surgical samples. Despite lower concordance rates for inter-
mediate-grade NF-PNETs, overall concordance was strong 
enough that EUS-FNA and surgical Ki67 ≥20% were both 
associated with disease-related death, with time to disease-re-
lated death ranging from 8 months to 46 months despite sur-
gical resection. Additionally, because intermediate-grade NF-
PNETs demonstrated lower Ki67 concordance and are at risk 
of being under-graded, NF-PNETs with intermediate-grade 
Ki67 on EUS-FNA should strongly be considered for surgical 
resection.

Our data shows that tumor size ≤16.5 mm and ≤22.5 mm 

would be able to exclude 100% and 87.5% of NF-PNETs with 
poor prognosis, respectively. While increased tumor size had 
a greater odds ratio of poor prognosis, this association was 
not statistically significant; thus, we do not recommend using 
tumor size >16.5 mm to define tumors that warrant surgical 
resection. Based on our data, all NF-PNETs whose EUS-FNA 
Ki67 grading was upgraded after surgical resection were ≥25 
mm. This parallels the Fujimori et al. study where tumors ≥20 
mm had lower rates of concordance between Ki67 obtained 
from EUS-FNA versus surgical pathology specimen.27 These 
findings strongly support the growing clinical practice and the 
ENETS’s guidelines of observing NF-PNETs with low-grade 
Ki67 on EUS-FNA up to 20 mm.18 Furthermore, our data sug-
gest that a higher threshold of 25 mm for surgery may be ac-
ceptable for low-grade EUS-FNA tumors, as using this cutoff 
would have excluded any NF-PNETs that should have been 
resected.

Post-operative surveillance
Time to disease recurrence was notably shorter for patients 

with high-grade surgical Ki67 (3 and 6 months) than for low- 
and intermediate-grade surgical Ki67 (all >12 months). Of 
note, approximately 50% of our patients had undergone sur-
gical resection within the last five years; therefore, our results 
may not capture all cases that will develop disease recurrence 
and disease-related death. We suggest that patients with NF-
PNETs with surgical Ki67 ≥20% should be monitored at closer 
intervals post-operatively, while those with low- and interme-
diate-grade surgical Ki67 may need more prolonged post-op-
erative monitoring for disease recurrence. 

In addition to Ki67, our study demonstrated mitotic rate as 
a separate risk factor for disease recurrence and disease-related 
death. Mitotic rate is a separate measure used by the ENETS 
and WHO to grade PNETs. Thus far, studies investigating 
concordance between Ki67 index and mitotic rate grading 
have produced conflicting results.8,28-34 We demonstrate 81.1% 
concordance rate between Ki67 and mitotic rate grading in 
surgical resection specimens. Additionally, mitotic rate grad-
ing paralleled Ki67 grading in predicting poor prognosis, as 
tumors with mitotic rate >20 per 10 HPF were associated with 
both disease-related death and disease recurrence. Given the 
high concordance between surgical Ki67 and mitotic rate as 
well as the independent risk factor of high-grade mitotic rate 
for disease recurrence and disease-related death, we support 
using mitotic rate adjunctively with surgical Ki67 for post-op-
erative surveillance.

Lastly, we found that tumors with lymphovascular invasion 
during surgical resection had a poor prognosis. This trend was 
not statistically significant, likely due to small sample size and 
short duration of follow-up. However, given this finding, pa-
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tients with NF-PNETs with lymphovascular invasion during 
surgery may benefit from both shorter interval and prolonged 
course of post-operative surveillance. 

strengths and weaknesses
The strengths of this study include its size, uniformity, and 

correlation with natural history. As the nature of the study was 
retrospective, and all the data were compiled at one medical 
center, we had access to relevant imaging, EUS-FNA findings, 
surgical pathology results, as well as a majority of follow-up 
data. The drawbacks of this study include the relatively short 
follow-up for disease recurrence and disease-related death, 
due largely in part to the prolonged disease process. Given 
that previous studies used different Ki67 and tumor size 
cutoffs to predict poor prognosis, future studies should inves-
tigate whether different Ki67 and tumor size cutoffs would 
better risk stratify NF-PNETs. Studies with longer follow-up 
may elucidate the association of low- and intermediate-grade 
tumors with time to disease recurrence and disease-related 
death. Finally, investigation of factors leading to discordance 
of Ki67 between EUS-FNA and surgical pathology (i.e., larger 
tumor size and increased heterogeneity) can improve our un-
derstanding of obtaining optimal tumor samples. 

In summary, our study demonstrates that Ki67 indices ob-
tained by EUS-FNA can be used reliably to predict surgical 
Ki67 indices in NF-PNETs. Our results show that (1) NF-
PNETs with high-grade Ki67 on EUS-FNA had poor prog-
nosis despite surgical resection; (2) NF-PNETs with interme-
diate-grade Ki67 on EUS-FNA should be strongly considered 
for surgical resection; (3) NF-PNETs with low-grade Ki67 on 
EUS-FNA can be safely observed up to tumor size 20 mm. 
Post-operatively, patients with low- and intermediate-grade 
surgical Ki67 tumors may benefit from prolonged surveil-
lance. Mitotic rate and presence of lymphovascular invasion 
during resection should be considered in post-operative sur-
veillance. 
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