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Prognostic factors of non-functioning pancreatic neuroendocrine
tumor revisited: The value of WHO 2010 classification
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Backgrounds/Aims: Various factors have been reported as prognostic factors of non-functional pancreatic neuroendocrine tumors (NF-pNETs). There remains some controversy as to the factors which might actually serve to successfully prognosticate future manifestation and diagnosis of NF-pNETs. As well, consensus regarding management
strategy has never been achieved. The aim of this study is to further investigate potential prognostic factors using
a large single-center cohort to help determine the management strategy of NF-pNETs. Methods: During the time period
1995 through 2013, 166 patients with NF-pNETs who underwent surgery in Samsung Medical Center were entered
in a prospective database, and those factors thought to represent predictors of prognosis were tested in uni- and multivariate models. Results: The median follow-up time was 46.5 months; there was a maximum follow-up period of 217
months. The five-year overall survival and disease-free survival rates were 88.5% and 77.0%, respectively. The 2010
WHO classification was found to be the only prognostic factor which affects overall survival and disease-free survival
in multivariate analysis. Also, pathologic tumor size and preoperative image tumor size correlated strongly with the
WHO grades (p＜0.001, and p＜0.001). Conclusions: Our study demonstrates that 2010 WHO classification represents
a valuable prognostic factor of NF-pNETs and tumor size on preoperative image correlated with WHO grade. In view
of the foregoing, the preoperative image size is thought to represent a reasonable reference with regard to determination and development of treatment strategy of NF-pNETs. (Ann Hepatobiliary Pancreat Surg 2018;22:66-74)
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INTRODUCTION

ades, pancreatic neuroendocrine tumors (pNETs), particularly non-functioning ones, have been identified with
tumors

increasingfrequency.3 One population-based study showed

(NF-pNETs) are defined as pancreatic tumors of neuro-

that the incidence of small NF-pNETs (≤2 cm) has in-

endocrine origin without symptoms and secretion of symp-

creased more than seven-fold over the last 22 years. The

tom-related neuroendocrine peptide. Since they have no

NF-pNETs have a wide spectrum of clinical behaviors,

specific hormonal symptoms, the incidence of NF-pNETs

ranging from those of benign nature with a favorable prog-

is thought to be very low and while most are slow-grow-

nosis, to the more aggressive and highly malignant with

ing, some with more aggressive biology may not present

extensive metastases. It has been suggested, in this particular

until they reach an advanced stage with a large mass, local

context, that in the absence of evident signs of malignancy,

Nonfunctioning

pancreatic

neuroendocrine

1,2

invasion, and distant metastases.

4

Previous studies have

typical pancreatic resections (i.e., pancreaticoduodenectomy

reported a high metastasis rate of NF-pNETs at initial de-

and distal pancreatectomy) of NF-pNETs should be lim-

tection ranging between 32% to 55%. But, with ongoing

ited to the larger lesions.5 Tumor size was advocated as

developments in imaging modalities over the last few dec-

a sentinel prognostic factor for its preoperative malignancy
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predictive value. Most neoplasms measuring ＜2 cm are

of laboratory data. All functional, atypical and mixed tu-

likely benign or intermediate-risk lesions, and only 6% of

mors were disqualified and excluded. As well, those pa-

NF-pNETs measuring ＜2 cm are malignant when in-

tients afflicted with multiple endocrine neoplasia Type 1

cidentally discovered.

6

or von Hippel-Lindau disease (diagnosed by family history

Any NF-pNET should be considered potentially malig-

and with confirmation of genetic mutation) were excluded

nant and treated accordingly. Surgery currently represents

from the study. Clinicopathologic characteristics, imaging

the preferred treatment for any localized pancreatic neo-

study results, follow-up surveillance data, and outcome of

plasm, as surgical intervention corresponds to a sig-

these patients were retrospectively analyzed. Relevant

nificantly favorable survival benefit, even in cases of

demographic and clinicopathological data was harvested

7

metastatic NF-pNETs.

However, with increasing de-

and compiled from existing medical records. We analyzed

tection of small NF-pNETs which is known to have ex-

the following outcome variables: Date of diagnosis, patient

cellent outcome, it is now a matter of debate as to whether

gender, age at diagnosis, presence of symptoms, pre-

all small and asymptomatic lesions should be routinely,

operative imaging characteristics, imaging size by various

8

automatically resected. Currently, 2 cm is a widely used

modalities, primary pathologic tumor size, location, grade,

reference point in determining the need for more ag-

presence of lymph nodes and distant metastases, margin

gressive treatment. Some centers (prudently and exercis-

status and type of surgical intervention. The main diag-

ing an abundance of caution), offer the option of an in-

nostic tool used was computed tomography (CT). Other

tensive imaging surveillance to patients who present with

diagnostic imaging tools implemented included endoscopic

a high risk of morbidity or mortality for major pancreatic

ultrasound (EUS) and magnetic resonance (MR) imaging.

resection. There is, however, no long-term result doc-

The recurrence and disease survival data was collected for

umenting the successful (or less than successful) out-

prognostic stratification.

comes, or long-term therapeutic value, of surveillance as

The surgical strategy was based on the anatomical loca-

yet. Also, there is a lack of studies about any definite as-

tion of the tumor and oncologic criteria. The surgical re-

sociation between the imaging tumor size and other prog-

section of NF-pNETs was performed by four surgeons in

nostic factors related to survival. Many retrospective anal-

hepato-biliary-pancreas division in Samsung Medical

yses revealed the utility of prognostic factors of

Center. The tpes of surgery performed included atypical

NF-pNETs, but differences of opinion persist. Moreover,

pancreatic resections such as enucleation, and more typi-

no, consensus on management strategy has ever been ach-

cal forms of resection such as pancreaticoduodenectomies

ieved, and none exists at the present time.

and distal pancreatectomies. Lymph node dissection was

We aimed to further investigate the prognostic factors

performed in accordance with any clinical suspicion of

using a large single-center cohort, and confirm the value

nodal metastasis, resection type and surgeon’s opinion. In

of the imaging tumor size as a preoperative malignancy

patients with synchronous liver metastases, simultaneous

predictive factor to help determine the management strat-

hepatic resection was performed when the tumor was con-

egy of NF-pNETs.

sidered resectable.
All available pathology slides were reviewed and histo-

MATERIALS AND METHODS

pathological classification and grades were revised, if necessary, by specialized pathologists. All of the NF-pNETs

The patient cohort was derived from the Samsung

were

reclassified

according

to

the

World

Health

Cancer Centre Registry. Those patients diagnosed with

Organization (WHO) classification, 2010 version. According

NF-pNETs who had undergone surgical resection at

to the WHO classification, all well-differentiated neo-

Samsung Medical Center during the period January of

plasms are called “neuroendocrine tumors” and designated

1995 through December of 2013 were recruited to partic-

Grade I (G1) (mitotic count, ＜2/10 high-power field [HPF]

ipate in this study. The NF-pNET was defined by neuro-

and/or ≤2% Ki-67 index) or G2 (mitotic count, 2-20/10

endocrine tumor in pancreas that lacks any clinical syn-

HPF and/or 3%-20% Ki-67 index). All poorly differentiated

drome caused by excess hormonal secretion, independent

neoplasms are called “neuroendocrine carcinomas” (NECs)
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and designated G3 (mitotic count, ≥20/10 HPF and/or
9-12

≥20% Ki-67 index).

2013, 166 patients underwent surgical resection for
NF-pNETs in Samsung Medical Center and the clin-

The distribution by tumor stage based on the seventh

icopathologic characteristics of these patients are summar-

edition of the American Joint Committee on Cancer

ized in Table 1 and 2. The mean age of patients was

(AJCC) Tumor Node Metastasis Classification System

54±11.1 years. The proportion of the patients who were

was also evaluated. Patients were followed up every three

diagnosed incidentally was 63.9%, which exceeded the

to six months for the first five years postoperatively, and

rate of symptomatic patients (36.1%). If the patient was

then annually thereafter. The actual follow-ups included

symptomatic and complained, abdominal pain and/or other

clinical re-evaluations, laboratory tests, CT of the abdo-

symptoms of abdominal discomfort were the symptoms

men and chest radiography. A diagnosis of recurrence was

most frequently reported. Jaundice and weight loss were

based on imaging findings, with histological confirmation

documented in 5.4% and 3.6% of patients. Pancreatic

as deemed clinically appropriate.

head-located NF-pNETs were most commonly found
(44.6%). The median tumor size measured by preoperative

Statistical analysis
Quantitative variables are expressed as mean with
standard deviation or median, and compared using
Student’s t test or the Wilcoxon test, as appropriate.
One-way ANOVA was performed first to compare variables associated with decade change. Qualitative variables
are expressed as numbers with percentages, and compared
with the χ2 or Fisher’s exact test, as appropriate. The
Pearson correlation and t-test are used to describe correlation and to examine the difference between the two
methods. The parameter estimation of multiple linear regression model was reported. Overall survival rate was
calculated from the day of surgery to the date of death
or the end of follow-up period. Disease-free survival was
calculated using the date of death or recurrence as the
time of the terminal event. To estimate the association between eligible variables and mean survival time, the
Kaplan-Meier test was applied together with the log-rank
test for comparison of various groups. All variables with
p＜0.100 on univariate analysis, as well as variables believed to influence recurrence, were studied in multivariate analysis using Cox proportional hazard regression.
An odd ratio (OR) was expressed with 95% confidence
interval (CI). P＜0.050 was considered statistically
significant. Statistical analyses were performed in SPSS
statistics version 21.0 (IBM, Armonk, NY, USA).

imaging was 2.1 cm (range 0.4-18.0). Fourteen patients
were diagnosed with NF-pNETs measuring ＜1 cm
(8.4%), 52 patients (31.3%) as 1 cm or larger and smaller
than 2 cm, and 100 patients (60.2%) as 2 cm or larger
tumor. Distant metastasis rate at diagnosis was 2.4%
which was lower than that of other recent SEER data, or
European series. These findings are summarized in Table
1.
The median pathologically measured tumor size was
2.3 cm (range 0.2-20.5) and the proportion of tumors
measuring ＜1 cm, 1-2 cm, and ≥2 cm was 8.4%, 31.3%,
and 60.2%, respectively. Nearly 40% of patients had tumors smaller than 2 cm. The tumors were classified according to the 7th AJCC grading system. Sixty-nine patients (41.6%) had tumors classified as pathologic T1
stage, 39 (23.5%) as T2, and 58 (34.9%) as T3. The T4
stage was excluded because of non-resectability. In pathologic N staging, 78 patients (47.0%) had no pathological
documented lymph node (LN) metastasis (N0), 24
(14.5%) patients had LN metastasis (N1). Sixty-four patients (38.6) were classified as “Nx”, meaning unknown
LN metastasis status due to local excision of tumor or
pancreatectomy without LN dissection. There were only
two patients of local recurrence in Nx group without distant metastasis; one patient had surgical margin positive
and one patient had G3 NF-pNETs originating from the
uncinate process (which underwent only mass excision).

RESULTS

There were 24 patients (14.5%) with pathologically proven regional LN metastasis, and four patients (2.4%) with

Clinicopathological characteristics of 166
patients who underwent curative surgery
During the period January 1994 through December of

distant metastasis, which were all liver metastasis.
Radiofrequency ablation was performed in one case, and
associated liver resection was performed in three cases of
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Table 1. Clinical characteristics of 166 patients who underwent curative surgery
Clinical characteristics
Age (years)
Age ＜50
Age ≥50
Gender
Male
Female
Symptom
Asymptomatic
Abdominal pain or discomfort
Jaundice
Weight loss
Palpable abdominal mass
Other symptoms
Tumor Location
Head
Body
Tail
Preoperative measured tumor size (cm)
Tumor size ＜1 cm
Tumor size ≥1 cm, ＜2 cm
Tumor size ≥2 cm
Surgical treatment method
Distal pancreatectomy
PPPD
Whipple’s procedure
Enucleation
Subtotal pancreatectomy
Median pancreatectomy
a
Others
Distant metastasis at initial diagnosis

Table 2. Pathological characteristics of 166 patients who underwent curative surgery

No. (%)

Pathological characteristics
Pathologically measured tumor size (cm)
Tumor size ＜1 cm
Tumor size ≥1 cm, ＜2 cm
Tumor size ≥2 cm
Pathologic T stage
T1
T2
T3
Pathologic N stage
N0
N1
b
Nx
Pathologic M stage
M0
M1
WHO 2010 classification
G1
G2
G3

81 (48.8)
85 (51.2)
(63.9)
(25.9)
(5.4)
(3.6)
(2.4)
(1.8)

74
51
41
2.1
14
52
100

(44.6)
(30.7)
(24.7)
(0.4-18.0)
(8.4)
(31.3)
(60.2)

68
40
11
26
3
14
3
4

(41.0)
(24.1)
(6.6)
(15.7)
(1.8)
(8.4)
(1.8)
(2.4)

a

Proximal pancreatectomy, total pancreatectomy, hepatopancreaticoduodenectomy

No. (%)
a

54.0±11.1
56 (33.7)
110 (66.3)

106
43
9
6
4
3

69

2.3
14
52
100

(0.2, 20.5)
(8.4)
(31.3)
(60.2)

69 (41.6)
39 (23.5)
58 (34.9)
78 (47.0)
24 (14.5)
64 (38.6)
162 (97.6)
4 (2.4)
82 (49.4)
72 (43.4)
12 (7.2)

a

Primarily measured by CT, if CT is not available, size measured by MR or EUS was used. Values are median (range)
b
Unknown LN metastasis status due to local excision or pancreatectomy only (ex. distal pancreatectomy, enucleation, etc.)
with little suspicion of LN metastasis

fied as independent prognostic factors for better OS.
Univariate analysis demonstrated that symptomatic NET,
head located tumor, higher 2010 WHO classification,
higher TNM stage, N1 status, distant metastasis, pathologic or imaging tumor size ≥2 cm were associated with
early recurrence. In multivariate analysis, higher WHO

liver metastatic cases. Pathologic analysis showed that of

classification and N1 stage were the only risk factors for

166 NF-pNETs, 82 tumors (49.4%) were G1, 72 (43.4%)

worse DFS.

were G2, and 12 (7.2%) were G3, based on the 2010
WHO classification. These are summarized in Table 2.

Prognostic factors of NF-pNETs
The median follow-up was 46.5 months with a maximum 217 months. The five-year overall survival and disease free survival rates were 88.5% and 77.0%,
respectively. The prognostic factors affecting overall survival (OS) and disease-free survival (DFS) are listed in
Table 3 and 4. In univariate analysis, asymptomatic tumors, T1/2, N0 or Nx status, pathologic or imaging tumor
size ＜2 cm, and lower WHO grade were associated with
significantly better OS rate. Through multivariate analysis,
asymptomatic tumor and lower WHO grade were identi-

WHO classification and survival
The OS and DFS curves influenced by WHO classification are depicted in Fig. 1. The median OS of grade
1 tumor was 212.8 months (range: 204.8-220.9), 159.8
months (range: 135.9-183.6) for grade 2, and 15.3 months
(range 9.7-20.9) for grade 3. The 5-year survival rates of
grade 1 and grade 2 tumors were excellent with 97.5%
and 87%, respectively. In contrast, none of the patients
with grade 3 tumors survived more than 29 months, and
the two year survival rate was 16.9%. There was statistically significant difference in OS among grade 1, grade
2, and grade 3; the p-value of each comparison was lower
than 0.001. The median DFS of NF-pNETs was 172.7
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Table 3. Univariate analysis of prognostic factors affecting overall survival and disease free survival of NF-pNET patients
Variable
Age
Sex
Symptom
Location
WHO classification
TNM staging

Pathologic tumor size
Imaging tumor size

＜50
≥50
Male
Female
Incidental
Symptomatic
Non head
Head
Grade 1
Grade 2
Grade 3
T1
T2
T3
Nx/0
N1
M0
M1
＜2 cm
≥2 cm
＜2 cm
≥2 cm

OS HR (CI 95%)
1
1.83
1
0.62
1
10.20
1
2.20
1
10.29
339.10
1
2.48
18.95
1
8.24
1
2.65
1
12.79
1
10.64

(-)
(0.71, 4.76)
(-)
(0.26, 1.49)
(-)
(3.00, 34.64)
(-)
(0.91, 5.32)
(-)
(1.33, 79.51)
(35.91, 3,202.58)
(-)
(0.22, 27.47)
(2.52, 142.59)
(-)
(3.48, 19.49)
(-)
(0.35, 20.14)
(-)
(1.71, 95.63)
(-)
(1.42, 79.70)

p-value
0.214
0.285
＜0.001
0.080
＜0.001
0.025
＜0.001
0.459
0.004
＜0.001
0.346
0.013
0.021

DFS HR (CI 95%)
1
1.38
1
0.55
1
5.20
1
2.73
1
10.01
160.63
1
0.98
10.43
1
8.10
1
5.22
1
9.96
1
3.92

(-)
(0.63, 3.04)
(-)
(0.26, 1.16)
(-)
(2.30, 11.76)
(-)
(1.24, 5.99)
(-)
(2.32, 43.17)
(30.29, 851.90)
(-)
(0.16, 5.86)
(3.14, 34.67)
(-)
(3.88, 16.93)
(-)
(1.58, 17.33)
(-)
(2.36, 41.93)
(-)
(1.36, 11.28)

p-value
0.425
0.113
＜0.001
0.012
＜0.001
0.002
＜0.001
0.979
＜0.001
＜0.001
0.007
0.002
0.011

Table 4. Multivariate analysis of prognostic factors affecting overall survival and disease free survival of NF-pNET patients
Variable
Symptom
WHO classification
TNM staging

Incidental
Symptomatic
Grade 1
Grade 2
Grade 3
Nx/0
N1

OS HR (CI 95%)
1
4.42
1
7.92
148.77

(-)
(1.21, 16.20)
(-)
(1.02, 61.62)
(14.78, 1,497.71)

p-value
0.025
＜0.001
0.048
＜0.001

DFS HR (CI 95%)

1
7.33
85.98
1
2.90

(-)
(1.64, 32.74)
(14.81, 499.00)
(-)
(1.30, 6.48)

p-value

＜0.001
0.009
＜0.001
0.009

Fig. 1. Kapalan-meier survival curves according to the Grade (WHO 2010 classification) are illustrated. (A) Overall survival
after curative resection of NF-pNETs grouped according to the WHO Grade showed significant difference (p＜0.001). (B) Disease
free survival after curative resection of NF-pNETs also demonstrated significantly differences according the WHO Grade (p
＜0.001).
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months (range: 158.8-186.6) in grade 1, 133.2 months

The pathologic tumor size correlated strongly with the

(range: 108.7-157.8) in grade 2, and 7.1 months (range:

WHO grades (p＜0.001). All fourteen patients who had

5.4-8.8) in grade 3. All patients with grade 3 were diag-

tumors less than 1 cm had Grade 1 tumors. There were

nosed with tumor recurrence before twelve months had

no Grade 3 tumors in patients with small tumor less than

passed postoperatively. The five-year DFS rate of patients

2 cm. The tumor dimensions as measured by preoperative

with grade 1 and grade 2 tumors was 98.6% and 61.3%,

imaging also correlated significantly with the WHO

respectively. There was also a significant, documented

grades (p＜0.001). A composition of patients grouped by

difference in DFS among grade 1, grade 2 and grade 3

imaging size was almost same as those grouped by patho-

(p＜0.001).

logic size. The pathologic tumor size and the dimensions
as evaluated by the imaging modalities (CT, MRI and

The association between WHO grade and other
prognostic factors
The 2010 WHO classification was the only prognostic
factor shown to affect OS and DFS in multivariate
analysis. The further analysis of relationship between other well documented clinical and pathologic prognostic factor and WHO grade was performed and is summarized in
Table 5. There was a higher proportion of symptomatic
patients, and head-located tumors, documented in higher
Grades (p＜0.001, p=0.008). The tumors with high WHO
classification has more T3, N1 lesion (p＜0.001, and p
＜0.001). The M stage has not been shown to have significant correlation with WHO classification (p=0.084).

EUS) showed excellent correlation (R=0.962, p＜0.001).
Pearson correlation coefficient of CT, MR, and EUS was
0.961, 0.903, and 0.913, respectively; and imaging size
measured by CT has the most value, in terms of accuracy,
with pathologic tumor size (Table 6).

DISCUSSION
The malignant potential of NF-pNETs is difficult to
predict, and the natural history of these tumors is not fully
understood. In addition, the slow growth of NF-pNETs
and the incomplete establishment of accurate prognostic
factors makes the management of NF-pNETs even more

Table 5. Clinicopathologicfactors in association with WHO classification of NF-pNETs
WHO classification
Grade 1 (%)
Age
Sex
Symptom
Tumor
Location
T stage
N stage
M stage
Pathologic tumor size
Imaging tumor size

＜50
≥50
Male
Female
Incidental
Symptomatic
Head
Non head
T1
T2
T3
Nx
N0
N1
M0
M1
＜1 cm
≥1 cm, ＜2 cm
≥2 cm
＜1 cm
≥1 cm, ＜2 cm
≥2 cm

27
55
39
43
64
18
28
54
59
18
5
52
31
0
82
0
14
44
24
14
38
30

(48.2)
(50.0)
(48.2)
(50.6)
(60.4)
(30.0)
(37.8)
(58.7)
(85.5)
(46.2)
(8.6)
(81.2)
(39.8)
(0.0)
(50.6)
(0.0)
(100.0)
(77.2)
(25.3)
(100.0)
(73.1)
(30.0)

Grade 2 (%)
27
45
35
37
41
31
37
35
9
21
42
11
43
17
68
4
0
13
59
0
14
58

(48.2)
(40.9)
(43.2)
(43.5)
(38.7)
(51.7)
(50.0)
(38.0)
(13.0)
(53.8)
(72.4)
(17.2)
(55.1)
(70.8)
(42.0)
(100.0)
(0.0)
(22.8)
(62.1)
(0.0)
(26.9)
(58.0)

Grade 3 (%)
2
10
7
5
1
11
9
3
1
0
11
1
4
7
12
0
0
0
12
0
0
12

(3.6)
(9.1)
(8.6)
(5.9)
(0.9)
(18.3)
(12.2)
(3.3)
(1.5)
(0.0)
(19.0)
(1.6)
(5.1)
(29.2)
(7.4)
(0.0)
(0.0)
(0.0)
(12.6)
(0.0)
(0.0)
(12.0)

p-value

p = 0.389
p = 0.812
p＜0.001
p = 0.008
p＜0.001
p＜0.001
p = 0.084
p＜0.001
p＜0.001
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Table 6. The relationship between the size in preoperative imaging modalities and pathological tumor size
Measuring modality

No. of cases

Overall Imaging modalities
CT
MR
EUS

166
157
61
56

Mean imaging size
(cm)
2.934
2.985
2.249
2.155

Mean pathologic
size (cm)

(2.57)
(2.60)
(1.25)
(1.39)

2.932
2.976
2.33
2.234

Pearson correlation
coefficient

p-value

0.962
0.961
0.903
0.913

p＜0.001
p＜0.001
p＜0.001
p＜0.001

(2.60)
(2.63)
(1.46)
(1.45)

problematic. So, there is no standard strategy for

and recommended that grade be an additional parameter

NF-pNETs in particular yet. Most studies advocate surgi-

of disease stage stratification.23

cal resection as the only curative treatment for NF-pNETs

Our study identified presence of symptom and higher

of any size, as it has been traditionally believed that even

WHO grade to be independent prognostic factors asso-

small tumors can be malignant or metastasize to lymph

ciated with the OS rate. In terms of DSF, higher WHO

nodes.

4,13,14

But, considering the risks of pancreatectomy

grade and lymph node metastasis were each independently

is also important. Typical pancreatic resections are asso-

associated with recurrence. We note that the WHO grade

ciated with a high incidence of perioperative complica-

was independently associated with both OS and DFS, but

tions such as pancreatic fistula, and exocrine and endo-

with tremendously large hazard ratios. Furthermore, pres-

15

Previous studies showed the in-

ence of symptom and lymph node metastasis were all sig-

cidence of new-onset diabetes after distal pancreatectomy

nificantly different according to the WHO grade (p

crine insufficiency.
16,17

Therefore, ideally, the choice between close

＜0.001). An analysis using Kaplan-Meier’s method dem-

observation and surgical resection should be based on an

as 9-36%.

onstrated significant survival and recurrence discrim-

accurate estimate of malignancy in these tumors. In this

ination according to the WHO grade of the tumors. These

respect, identifying proper prognostic factors is imperative

findings emphasize the weight and importance of the

to for the purpose of establishing informed, practical and

WHO grade in predicting the prognosis of patients with

adequate treatment strategies for these patients.

NF-pNETs in terms of both survival and recurrence.

Many studies have endeavored to find and identify

If the WHO grade of NF-pNETs could be determined

prognostic factors of NF-pNETs. There are many reports

preoperatively, it would be of a great value in determining

on prognostic factors but with much diversity. Tumor

the prognosis and the development of informed, practical

size, differentiation grade, Ki-67 index, and lymph node

and

metastases are some examples of frequently noted prog-

EUS-guided fine needle aspiration (EUS-FNA) may be

nostic factors.

18-21

successful

treatment

strategy.

Evaluation

by

It is difficult to find consistent prog-

useful for preoperative determination of the WHO grade.

nostic factors, but histologic grade, especially the WHO

However, insufficient samples especially with small tu-

grade is an often indicated prognostic factor. Cherenfant

mors,

et al.,

22

in an analysis of 128 patients of at four in-

25

or an adverse event associated with EUS-FNA
26

such as pancreatitis,

stitutions, identified age over 55, higher WHO histologic

performance

grade, and distant metastasis to be significantly associated

NF-pNETs. Therefore, an alternative method to determine

with worse survival outcome. They found that patients

the WHO grade preoperatively needs to be investigated.

with Grade 3 histology were six times more likely to die

In an attempt to address this problem, we performed an

than patients with Grade 1 histology. Several other studies

analysis to identify some clinical factors significantly as-

23,24

demonstrated similar findings.

of

preclude physicians from routine

EUS-FNA

in

every

patient

with

In a review of patients

sociated with the WHO grade. The result showed that

with NF-pNETs who had undergone resection, they found

presence of symptoms, TNM stage, pathologic tumor size

that those with Grade 1 histology had five-year survival

and the size dimensions as measured by preoperative

rate of 86% compared with 0% for patients with Grade

imaging studies showed significant correlation with the

3 tumors. They concluded that Grade 3 histology was the

WHO grades. Among these factors, the dimension of the

most significant negative predictive factor for survival,

tumor as measured by imaging study is an important fac-

Jiyoung Bu, et al. Non-functioning pancreatic NET
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tor, and which can be determined before surgery. The

of even greater weight in terms of substantial medical

presence of symptoms is also significantly associated with

evidence.

the WHO grade however, symptoms tend to be considered

In conclusion, given the significant morbidity asso-

“soft” findings as symptoms tend to be very subjective

ciated with the surgical resection of NF-pNETs, the iden-

and on many occasions, very non-specific. Therefore, size,

tification of preoperative variables that can be im-

as determined by preoperative imaging studies is a good

plemented to determine which patients would be best

and objective means of predicting the WHO grade. With

served by close observation and which patients would

regard to the specific imaging tool which serves to pro-

benefit from curative surgical resection, is both warranted

duce the most consistent, precise and exact measure of

and necessary. In our study, the WHO grade was found

size, the size of the tumor as measured by CT, MRI, EUS

to be a highly significant prognostic factor of overall sur-

all showed excellent correlation with the actual, material

vival, and pathologic tumor size was a relatively reliable

tumor size as reported and documented through histologic

predictor of WHO grade. However, because WHO grade

examination in the current study (R=0.962, p＜0.001).

and pathologic tumor size cannot be determined pre-

According to our study, all 71 cases of small size

operatively, other factors associated with lower WHO

NF-pNETs (＜2 cm) were Grade 1 (81.7%) and Grade 2

grade might have to be implemented to determine the

(13.7%). It important to note is there were no Grade 3

need for surgical intervention. Our study demonstrated

tumors. Likewise, for tumors measuring less than 1 cm,

that tumor size as measured by preoperative imaging cor-

all were found to be Grade 1 and there were no Grade

related well with the pathologic tumor size. Because of

2 or Grade 3 identified. Therefore, we would suggest,

this, preoperative image size is thought to represent a rea-

with an abundance of caution, that small-size NF-pNETs

sonable reference point to decide about informed and

(those measuring less than 2 cm) might be considered for

practical treatment strategies of NF-pNETs.

observation with serial imaging studies (if there are no
symptoms

and

no

evidence

of

LN

metastasis).
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