
Abstract. Background: Some prognostic factors for
pancreatic neuroendocrine neoplasms (PanNENs) have been
reported; however, the significance of lymphatic,
microvascular, and perineural invasion remains unclear. We
aimed to clarify the role of these factors in PanNEN
recurrence. Patients and Methods: We analyzed 138 patients
who underwent curative pancreatectomy and were
pathologically diagnosed with PanNEN. We evaluated the
association between clinicopathological factors and the
recurrence of PanNENs. Results: The numbers of patients with
lymphatic, microvascular, and perineural invasion were 34
(25%), 43 (31%) and 17 (12%), respectively. Twenty-four
patients (17%) had recurrences, and the 3, 5, and 10-year
recurrence-free survival (RFS) rates were 88%, 84%, and 76%,
respectively. The recurrence sites (with duplication) were
mainly the liver (twenty-two patients), followed by the lymph
nodes (seven patients), and bone (two patients). In multivariate
analyses, grade 2-3 and the presence of microvascular invasion
were significant risk factors for RFS (hazard ratio=7.5 and 7.9,
respectively). When examining outcomes according to these
factors, the 5-year RFS rates of patients with risk scores of 0,

1, and 2 were 100%, 91%, and 32%, respectively (p<0.001).
Even in patients with grade 1 (n=97) or limited resection
(enucleation, splenic-preserving distal pancreatectomy, central
pancreatectomy, and duodenum-preserving pancreatic head
resection, n=62), the presence of microvascular invasion was
a significant risk factor for RFS (hazard ratio=13.4 and 18.0,
respectively). Conclusion: The presence of microvascular
invasion is an independent risk factor for recurrence in patients
with PanNEN.

Although pancreatic neuroendocrine neoplasms (PanNENs)
are comparatively rare neoplasms, recently, their incidence and
prevalence have been increasing steadily (1-3). Particularly, it
has been pointed out that the number of well-differentiated
and localized PanNENs is increasing (2). This may be due to
the spread of the concept of PanNEN and advancements in
diagnostic imaging studies (2, 3). Surgical resection is
currently the only curative treatment for PanNENs (4, 5).
Pancreatic resection with lymph node dissection (LND) is the
standard surgical procedure, but limited resection may be
considered for small and/or less likely malignant PanNENs (6-
8). It has been reported that the World Health Organization
(WHO) grading (9), lymph node metastasis (LNM), liver
metastasis, and some immune-inflammatory markers are
associated with prognosis in patients with PanNEN (10-15),
but the association between other clinicopathological factors
and prognosis remains unclear.

In gastroenterological cancers, if lymphatic and/or
microvascular invasion is detected histopathologically after
endoscopic treatment, radical surgery with LND is
recommended as an additional treatment for improving
prognosis (16, 17). Similarly, some reports have stated that
additional resection is recommended for gastrointestinal
neuroendocrine neoplasms with lymphatic and/or microvascular
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invasion (18, 19). This is because these lymphatic and/or
microvascular invasions suggest potential LNM (20). It is
conceivable that hematogenous and lymphatic metastases
cannot be established without the presence of lymphatic and
microvascular invasion.

However, the oncological importance of lymphatic,
microvascular, and perineural invasion in patients with
PanNEN remains unclear. Particularly, there are no reports
on the role of these factors in patients with low-malignant
PanNEN or in those who underwent limited surgery. In
addition, the frequency of lymphatic, microvascular, and
perineural invasion in various PanNEN backgrounds is
unknown. Therefore, we aimed to clarify the details and
significance of lymphatic, microvascular, and perineural
invasion in patients with PanNEN.

Patients and Methods

Study design. This study was approved by the Institutional Review
Board of Tokyo Women’s Medical University (approval number:
3954). The requirement for informed consent was waived owing to
the retrospective nature of the study.

In this retrospective study, we analyzed the medical records of
138 patients who underwent curative pancreatectomy for PanNEN
at the Department of Surgery, Institute of Gastroenterology, Tokyo
Women’s Medical University, between 2000 and 2019. These
patients did not receive preoperative or postoperative adjuvant
treatment. We evaluated the clinicopathological factors to assess
their association with recurrence-free survival (RFS).

Preoperative parameters included age, sex, tumor location, existence
of genetic heredity, existence of functionality, preoperative body mass
index (BMI), hemoglobin A1c (HbA1c) level, neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
lymphocyte-to-monocyte ratio (LMR), prognostic nutrition index
(PNI), C-reactive protein/albumin ratio (CAR), controlling nutritional
status (CONUT) score, and Glasgow prognostic score (GPS).
Intraoperative parameters included the type of surgical procedure,
number of dissected lymph nodes, amount of blood loss and duration
of surgery. Postoperative parameters included the postoperative
complication grade, number of Ki-67 index of tumor tissues, 2017
WHO classification (9), tumor size, existence of LNM, presence of
lymphatic, microvascular, and perineural invasion as described in a later
section, existence of residual tumor, recurrence and surgical outcomes.

Univariate and multivariate analyses were performed to identify the
independent predictors of RFS. Survival rates were compared according
to the presence or absence of risk factors identified in the univariate or
multivariate analyses. A risk score was applied for this purpose,
consisting of the number of risk factors present in each patient.

Definition of the pancreatic neuroendocrine neoplasm. PanNEN was
defined by cord-like, rosette-like and alveolar-like structures that
were detected by hematoxylin and eosin staining, positive
immunohistochemical staining for chromogranin A and
synaptophysin. We considered PanNEN without clinical symptoms
of hormone production as a non-functioning NEN (NF-PanNEN).

Assessment of lymphatic, microvascular and perineural invasion.
Lymphatic invasion was suggested by the presence of cancer cells and

cancer cell nests in the interstitial space. A space filled with lymph
and lymphocytes was especially likely to be a lymphatic vessel. When
endothelial cells were identified around the space, the space was
concluded to represent a lymphatic vessel. When it was difficult to
evaluate lymphatic vessels, D2-40 immunohistochemical staining was
applied. Microvascular invasion was highly likely when a circular,
semicircular, or oblong cancer cell nest with regular margins was
located in the vicinity of vessels and distant from the main lesion. If
such a cancer cell nest was surrounded by venous wall structures
(such as internal elastic membrane or perivascular smooth muscle),
it was concluded to represent microvascular invasion. When it was
difficult to identify vessels, Victoria blue staining was applied to
elucidate elastic fibers in vessel walls. Perineural invasion was
detected by the finding of cancer cells in the perineural space and
nerve fiber bundles. We updated the data on the prior diagnosis by
previous pathologists, by an independent board-certified pathologist
(TF) using the abovementioned unified definition.

Surgical procedure. Distal pancreatectomy (DP), pancreaticoduo-
denectomy (PD), and total pancreatectomy (TP) were considered
standard resection procedures. Enucleation, spleen-preserving DP,
central pancreatectomy and duodenum-preserving pancreatic head
resection were defined as limited resection procedures. Regional LND
was performed using standard resection. In patients who underwent DP,
LND regions included the area along the left gastric artery, common
hepatic artery (CHA), celiac artery, splenic hilum, splenic artery,
superior mesenteric artery (SMA) and inferior margin of the pancreas.
In patients who underwent PD, the LND region included the area
around the subpyloric, infrapyloric, CHA, hepatoduodenal ligament,
anterior and posterior surface of the pancreatic head and SMA. In
patients who underwent TP, the LND regions included all those covered
for patients who underwent DP and PD. By contrast, in limited
resection, LND was only partially performed around the PanNEN, or
LND was not performed. By principle, we performed a standard
resection with regional LND for large tumors and a grade 2 or 3
preoperative diagnosis using endoscopic ultrasonography-guided fine-
needle aspiration. Conversely, limited resection was performed in
patients with a small tumor size in whom LNM was not suspected.
Endoscopic ultrasonography-guided fine-needle aspiration for PanNEN
was introduced at our institution in 2011. Before 2011, the operative
procedure was determined based on the tumor size and location.

Follow-up. After surgery, the patients underwent laboratory
examinations and imaging studies every 3 to 6 months as a standard
follow-up strategy. Disease-free survival was measured from the
time of surgery until recurrence or the last follow-up day if there
was no recurrence. A tumor initially identified on postoperative
imaging studies was considered a recurrence. When two sites of
recurrence were observed simultaneously, all sites were counted.

Miscellaneous definitions. Preoperative laboratory and imaging data
were acquired within 21 days of the surgery. Postoperative
complications were rated according to the Clavien-Dindo
classification (21). The cutoff values for the preoperative BMI,
HbA1c level, NLR, PLR, LMR, PNI, CAR, CONUT score, GPS
score, number of dissected lymph nodes, surgery duration, amount
of blood loss, Ki-67 index and tumor size were determined using
the receiver operating characteristic (ROC) curve analysis and
designated as the point at which the area under the ROC curve was
the largest for predicting RFS.
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Statistical analyses. In this study, factors that seemed to be
clinically relevant to prognosis were selected as the examined
factors, excluding some confounding factors. The number of deaths
from PanNENs was small, and the same number of deaths was
observed from another disease. Therefore, univariate and
multivariate analyses were performed to identify the independent
predictors of RFS instead of disease-specific survival (DSS) and
overall survival (OS). We only performed a univariate analysis since
we determined that obtaining effective results in the multivariate
analysis was not possible owing to insufficient statistical data. Thus,
only a univariate analysis was performed to identify the independent
predictors for DSS. Survival analyses were performed using the

Kaplan–Meier method, log-rank test and Cox proportional hazards
model. Factors showing statistical significance in univariate analysis
were subjected to multivariate analysis. p<0.05 was considered
statistically significant. All analyses were performed using JMP
12.1.0 for Windows (SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics are shown in Table I. The median and
average postoperative observation period was 7.3 (0.4-17.8)
and 6.4 years, respectively. Moreover, 25% of the patients
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Table I. Patient characteristics.

                                                                                                                                                                                               n=138

Age (years, range)                                                                                                                                                              57 (21-81)
Gender                                                                   Female                                                                                                   92 (67%)
Tumor location                                                     Head                                                                                                      56 (41%)
Hereditary                                                             With MEN type 1 or VHL                                                                   28 (20%)
Functionality                                                         Functioning                                                                                           35 (25%)
                                                                              Insulinoma/Gastrinoma/Glucagonoma                                                   29/5/1
Preoperative BMI (kg/m2, range)                                                                                                                                 23.1 (17.7-36.8)
Preoperative HbA1c (%, range)                                                                                                                                      5.6 (4.0-12.5)
Preoperative NLR (range)                                                                                                                                               2.2 (0.72-6.9)
Preoperative PLR (range)                                                                                                                                                159 (57-351)
Preoperative LMR (range)                                                                                                                                              5.2 (1.7-22.8)
Preoperative PNI (range)                                                                                                                                                   48 (34-62)
Preoperative CAR (range)                                                                                                                                          0.019 (0.0023-1.3)
Preoperative CONUT score                                 0/1/2/3/4/5                                                       41 (30%)/35 (25%)/34 (25%)/20 (14%)/5 (4%)/3 (2%)
Preoperative GPS score                                       0/1/2                                                                                        126 (91%)/10 (7%)/2 (1%)
Surgical procedures                                              Standard resection                                                                                76 (55%) 
                                                                              DP/PD/TP                                                                                               43/27/6
                                                                              Limited resection                                                                                  62 (45%)
                                                                              EN/SPDP/CP/DPPHR                                                                         22/20/14/6
Number of dissected lymph node                                                                                                                                       5 (0-50)
Blood loss (ml, range)                                                                                                                                                     297 (5-2,965)
Operative time (min, range)                                                                                                                                            291 (97-890)
Postoperative complications                                ≥Ⅲ                                                                                                         32 (23%)
Ki-67 index (%, range)                                                                                                                                                        2 (1-70)
2017 WHO classification                                     NET G1/NET G2/NET G3/NEC/MiNEN                97 (70%)/35 (25%)/1 (1%)/2 (1%)/3 (2%)
Pathological tumor size (mm, range)                                                                                                                                 15 (2-82)
2017 WHO T category                                         T1/T2/T3/T4                                                                  79 (57%)/34 (25%)/21 (15%)/4 (3%)
Synchronous lymph node metastasis                   With                                                                                                       27 (20%)
Lymphatic invasion                                              With                                                                                                       34 (25%)
Microvascular invasion                                        With                                                                                                       43 (31%)
Perineural invasion                                               With                                                                                                       17 (12%)
Residual tumor                                                     R0 resection                                                                                         137 (99%)
Recurrence                                                                                                                                                                           24 (17%)
Dead form PanNEN                                                                                                                                                              9 (7%)
Dead from another disease                                                                                                                                                   9 (7%)
Postoperative observation period                                                                                                                                    7.3 (0.4-17.8)

MEN: Multiple endocrine neoplasia; VHL: Von Hippel-Lindau syndrome; NET: neuroendocrine tumor; NEC: neuroendocrine carcinoma; MiNEN:
mixed neuroendocrine-non-neuroendocrine neoplasm; DP: distal pancreatectomy; PD: pancreaticoduodenectomy; TP: total pancreatectomy; EN:
enucleation; SPDP: splenic preserving distal pancreatectomy; CP: central pancreatectomy; DPPHR: duodenum-preserving pancreatic head resection;
BMI: body mass index; HbA1c: hemoglobin A1c; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; LMR: lymphocyte-to-
monocyte ratio; PNI: prognostic nutrition ratio; CAR: C-reactive protein/albumin ratio; CONUT: controlling nutritional status; GPS: Glasgow
prognostic score; WHO: World Health Organization; PanNEN: pancreatic neuroendocrine neoplasm.



had functioning PanNENs. Furthermore, 55% of the patients
underwent standard resection, while 45% underwent limited
resection. According to the 2017 WHO classification, 70%
of the patients had a neuroendocrine G1 tumor (NET). A
total of 25% of the patients had synchronous LNM. The
number of patients with lymphatic, microvascular and
perineural invasion was 34 (25%), 43 (31%), and 17 (12%),
respectively. Furthermore, 17% of the patients had
recurrence, and the recurrence sites (with duplication) were
mainly in the liver (twenty-two patients, 92%), followed by
the lymph nodes (seven patients, 29%), and bone (two
patients, 8%). Only 7% of the patients died from PanNENs,
and 7% of the patients died from another disease.

Association between patient background and frequency of
lymphatic, microvascular, and perineural invasion. The
association between patient background and frequency of

lymphatic, microvascular, and perineural invasion is shown
in Table II. Although G1 had significantly less lymphatic,
microvascular, and perineural invasion than G2 or G3, even
in patients with G1, these were found in 10%, 15% and 1%
of patients, respectively. NF-PanNENs had significantly
more invasion than functioning PanNENs. Even in patients
with tumor size <10 mm, lymphatic and microvascular
invasion was found in 11% of patients, in both cases.

Risk factors for recurrence-free survival in all patients. In all
patients, the recurrence rates were 17% (n=24), and the 3, 5,
and 10-year RFS rates were 88%, 84% and 76%,
respectively. In multivariate analyses, the 2017 WHO
classification G2 or G3 [vs G1, hazard ratio (HR)=7.5] and
the presence of microvascular invasion (vs absence, HR=7.9)
were the independent risk factors for RFS (Table III). When
examining outcomes according to these risk factors, the 3, 5,
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Table II. Association between patient background and frequency of lymphatic, microvascular, and perineural invasion.

                                                                          G1/G2-3                 p-Value            Functioning/             p-Value       Tumor size <10 mm/         p-Value
                                                                                                                               Non-functioning                              Tumor size ≥10 mm

Presence of lymphatic invasion               10 (10%)/24 (59%)        <0.001         4 (11%)/30 (29%)         0.026            2 (11%)/32 (27%)             0.097
Presence of microvascular invasion        15 (15%)/28 (68%)        <0.001         4 (11%)/39 (38%)         0.0019          2 (11%)/41 (34%)             0.023
Presence of perineural invasion                 1 (1%)/16 (39%)          <0.001         2 (6%)/15 (15%)           0.14              0 (0%)/17 (14%)               0.020

Table III. Univariate and multivariate analyses of risk factors for recurrence-free survival in patients with pancreatic neuroendocrine neoplasm. 

                                                                                                                                           Univariate                                                    Multivariate

Prognostic factors                    Definition                           n              Hazard ratio (95% CI)             p-Value          Hazard ratio (95% CI)          p-Value

Hereditary                                Without                            110                             1.0                                0.60                                                                  
                                                 With                                   28                    1.4 (0.51-3.4)                                                                                                
Functionality                            Functioning                       35                             1.0                                0.18                                                                  
                                                 Non-functioning              103                    2.2 (0.74-9.1)                                                                                                
Surgical procedure                   Limited                              62                             1.0                               0.001                           1.0                             0.48
                                                 Standard                             76                    4.8 (1.8-16.3)                                                  1.7 (0.38-7.2)                        
2017 WHO classification        G1                                      97                             1.0                              <0.001                          1.0                           0.0027
                                                 G2 or G3                           41                   22.1 (8.2-77.3)                                                 7.5 (2.0-34.1)                        
Tumor size (mm)                     <25                                     91                             1.0                              <0.001                          1.0                             0.62
                                                 ≥25                                     47                    7.6 (3.0-22.8)                                                  1.4 (0.39-5.2)                        
T category                                1-2                                   113                             1.0                              <0.001                          1.0                             0.27
                                                 3-4                                      25                    6.7 (2.5-23.1)                                                  1.9 (0.63-5.7)                        
Lymph node metastasis           Absence                           111                             1.0                              <0.001                          1.0                             0.53
                                                 Presence                             27                    8.5 (3.8-20.0)                                                  1.5 (0.45-5.4)                        
Lymphatic invasion                 Absence                           104                             1.0                              <0.001                          1.0                             0.94
                                                 Presence                             34                    9.6 (4.1-24.9)                                                  1.1 (0.22-4.6)                        
Microvascular invasion           Absence                             95                             1.0                              <0.001                          1.0                           0.0047
                                                 Presence                             43                  30.5 (9.0-190.8)                                                7.9 (1.8-55.7)                        
Perineural invasion                  Absence                           121                             1.0                              <0.001                          1.0                             0.70
                                                 Presence                             17                   13.7 (6.0-31.2)                                                 1.3 (0.39-4.1)                        



and 10-year RFS rates of patients with risk scores of 0
(n=82), 1 (n=28), and 2 (n=28) were 100%, 100%, and 97%
(median RFS time: not achieved); 96%, 91%, and 78%
(median RFS time: not achieved); and 47%, 32%, and 12%
(median survival time: 2.9 years) (p<0.001), respectively
(Figure 1). The HRs of risk score groups 1 and 2 were 12.6
and 120.3 times higher than that of risk score group 0
(p<0.05). In the univariate analysis, the independent risk
factors for DSS are shown in Table Ⅳ. 

Risk factors for recurrence-free survival in patients with G1.
In patients with G1 (n=97), the recurrence rate was 4%
(n=4), and the 3, 5 and 10-year RFS rates were 99%, 97%
and 93%, respectively. In univariate analysis, the presence
of LNM (vs. absence, HR=12.2) and the presence of
microvascular invasion (vs absence, HR=13.4) were the
independent risk factors for RFS (Table Ⅴ). When examining
outcomes according to these risk factors, the 3-, 5-, and 10-
year RFS rates of patients with risk scores of 0 (n=50) and
1-2 (n=12) were 100%, 100%, and 100% (median RFS time:
not achieved) and 94%, 88%, and 71% (median RFS time:
not achieved) (p<0.001), respectively (Figure 2).

Risk factors for recurrence-free survival in patients with
limited resection. In patients with limited resection (n=62),
the recurrence rate was 6% (n=4), and the 3, 5, and 10-year
RFS rates were 100%, 98%, and 88%, respectively. In
univariate analysis, the 2017 WHO classification of G2 or
G3 (vs. G1, HR=16.5) and the presence of microvascular
invasion (vs. absence, HR=18.0) were the independent risk
factors for RFS (Table Ⅵ). When examining each of these
risk factors, the 3, 5, and 10-year RFS rates of patients with
risk scores of 0 (n=50) were 100% in all cases (median RFS
time: not achieved); and those of patients with risk scores of
1-2 (n=12), they were 100%, 90% and 40%, respectively
(median RFS time: 7.6 years) (Figure 3). The differences
between these risk score groups were significant (p<0.001).

Discussion

This study revealed the frequency of lymphatic,
microvascular and perineural invasion depending on the
patients’ backgrounds, and even patients with G1 PanNET
had 10% and 15% of lymphatic and microvascular invasion,
respectively. In addition, we found that the presence of
microvascular invasion was an important factor in predicting
recurrence in patients with PanNENs. These results are new
findings and may be useful for decision-making regarding
treatment strategies in patients with such neoplasms.

PanNENs originate from pancreatic neuroendocrine cells
and were formerly called “carcinoids” (22). In 2017, the WHO
clarified the definition of PanNEN and classified it into NET
G1, NET G2, NET G3, and neuroendocrine carcinoma (NEC)

(9). NET G1, NET G2, NET G3 and NEC were defined as
<3%, 3%-20%, >20%, and >20% of the Ki-67 proliferation
index, respectively. NET is defined as a well-differentiated
type, NEC is defined as a poorly differentiated type, and the
prognosis is considered to be different for each. Although
PanNENs were previously thought to be rare neoplasm, their
incidence has gradually increased in recent years (1-3). In
particular, the consistent advancements in imaging diagnostics
have led to an increase in the incidence of well-differentiated
and localized types of PanNENs (1). It has also been reported
that contrast-enhanced computed tomography can be used to
distinguish between NET G1 and NET G2 during preoperative
examination (23). The curative treatment is surgical resection
(4, 5), and pancreatectomy with regional LND is the standard
treatment (6-8). However, as mentioned above, as the
frequency of small or less likely malignant lesions of
PanNENs increases, limited resection, which preserves
pancreatic function and omits LND, may also be performed. 

We set the cut-off value of the tumor size as 10 mm in this
study. In the ENETS and NCCN guideline, the cut-off value
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Figure 1. Kaplan–Meier analyses of recurrence-free survival rates in
patients with pancreatic neuroendocrine neoplasm according to risk
score. The risk score indicates the number of risk factors for recurrence-
free survival, such as G2–G3 and the presence of microvascular
invasion, derived via a multivariate analysis. The 3, 5, and 10-year
recurrence-free survival rates of patients with risk scores of 0 (n=82),
1 (n=28) and 2 (n=28) were 100%, 100% and 97%; 96%, 91% and
78%; and 47%, 32% and 12%, respectively (p<0.001).



of the size was 20 mm (6, 7). On the other hand, in the
Japanese 2019 guidelines, the cut-off value was 10 mm (8).
We have chosen the smaller number since no clear
conclusions have been reached as to what the cut-off value
should be. The WHO grading and synchronous LNM have
been reported as poor prognostic factors for PanNEN (10-13).
These results were reported in a meta-analysis as well (24).
Furthermore, several immune-inflammatory markers were
recently proposed as poor prognostic factors in patients with
PanNEN (14, 15) and pancreatic ductal carcinoma (25-27). A
simplified prognostic scoring system for predicting recurrence

after resection using these factors has been proposed (10. 28,
29). On the other hand, although there are some previous
reports about the significance of lymphatic, microvascular,
and perineural invasion (30-32), these studies have an
insufficient number of patients and examination items. Thus,
the role of lymphatic, microvascular, and perineural invasion
as predictive factors for prognosis remains unclear.

In the field of gastroenterological cancers and
neuroendocrine neoplasms, if pathological lymphatic and/or
microvascular invasion is detected after endoscopic local
resection, radical surgery with LND is recommended as an
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Table Ⅳ. Univariate analysis of risk factors for disease-specific survival in patients with pancreatic neuroendocrine neoplasm. 

                                                                                                                                                                                             Univariate

Prognostic factors                    Definition                                       n                                      Hazard ratio (95% CI)                                   p-Value

Hereditary                                Without                                        110                                                    1.0                                                      0.60
                                                 With                                               28                                          1.7 (0.30-31.6)                                               
Functionality                            Functioning                                   35                                                    1.0                                                      0.52
                                                 Non-functioning                          103                                          1.9 (0.34-35.6)                                               
Surgical procedure                   Limited                                          62                                                    1.0                                                     0.040
                                                 Standard                                         76                                          6.1 (1.1-113.3)                                               
2017 WHO classification        G1                                                  97                                                    1.0                                              Not available
                                                 G2 or G3                                       41                                           Not available                                                 
Tumor size (mm)                     <25                                                 91                                                    1.0                                                     0.013
                                                 ≥25                                                 47                                           6.0 (1.4-40.1)                                                
T category                                1-2                                               113                                                    1.0                                                     0.029
                                                 3-4                                                  25                                           4.6 (1.2-18.9)                                                
Lymph node metastasis           Absence                                       111                                                    1.0                                                   0.0029
                                                 Presence                                         27                                           8.1 (2.1-39.0)                                                
Lymphatic invasion                 Absence                                       104                                                    1.0                                                   0.0018
                                                 Presence                                         34                                          10.1 (2.3-69.3)                                               
Microvascular invasion           Absence                                         95                                                    1.0                                              Not available
                                                 Presence                                         43                                           Not available                                                 
Perineural invasion                  Absence                                       121                                                    1.0                                                   <0.001
                                                 Presence                                         17                                       74.1 (12.6-1409.5)                                            

Table Ⅴ. Univariate analysis of risk factors for recurrence-free survival in patients with pancreatic neuroendocrine tumor G1. 

                                                                                                                                                                                             Univariate

Prognostic factors                    Definition                                       n                                      Hazard ratio (95% CI)                                   p-Value

T category                                1-2                                                  87                                                    1.0                                                     0.093
                                                 3-4                                                  10                                          6.1 (0.71-51.3)                                               
Lymph node metastasis           Absence                                         90                                                    1.0                                                     0.024
                                                 Presence                                           7                                         12.2 (1.5-101.6)                                              
Lymphatic invasion                 Absence                                         87                                                    1.0                                                      0.48
                                                 Presence                                         10                                          2.4 (0.12-18.8)                                               
Microvascular invasion           Absence                                         82                                                    1.0                                                     0.014
                                                 Presence                                         15                                         13.4 (1.7-270.5)                                              
Perineural invasion                  Absence                                         96                                                    1.0                                              Not available
                                                 Presence                                           1                                           Not available                                                 



additional treatment for improving prognosis (16-18).
Additional radical resection with LND is recommended when
lymphatic and/or microvascular invasion is noted after
minimally invasive endoscopic treatment because lymphatic

and microvascular invasion are potential risk factors for
hematogenous and/or lymphatic metastasis. By contrast, in
patients with PanNENs, currently, it is clinically unrealistic to
perform additional treatment (standard pancreatectomy with
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Table Ⅵ. Univariate analysis of risk factors for recurrence-free survival in patients with pancreatic neuroendocrine neoplasm who underwent
limited resection. 

                                                                                                                                                                                             Univariate

Prognostic factors                    Definition                                       n                                      Hazard ratio (95% CI)                                   p-Value

2017 WHO classification        G1                                                  57                                                    1.0                                                     0.014
                                                 G2 or G3                                         5                                         16.5 (2.0-138.9)                                              
T category                                1-2                                                  60                                                    1.0                                                      0.13
                                                 3-4                                                    2                                          8.5 (0.43-68.8)                                               
Lymphatic invasion                 Absence                                         58                                                    1.0                                                      0.30
                                                 Presence                                           4                                          3.9 (0.19-31.8)                                               
Microvascular invasion           Absence                                         53                                                    1.0                                                   0.0063
                                                 Presence                                           9                                         18.0 (2.3-364.1)                                              
Perineural invasion                  Absence                                         62                                                    1.0                                              Not available
                                                 Presence                                           0                                           Not available                                                 

Figure 2. Kaplan–Meier analyses of recurrence-free survival rates in
patients with pancreatic neuroendocrine tumor G1 according to risk
score. The risk score indicates the number of risk factors for recurrence-
free survival, such as the presence of lymph node metastasis and the
presence of microvascular invasion, as determined via a univariate
analysis. The 3, 5, and 10-year recurrence-free survival rates of patients
with risk scores of 0 (n=79) and 1-2 (n=18) were 100%, 100%, and
100% and 94%, 88%, and 71%, respectively (p<0.001).

Figure 3. Kaplan–Meier analyses of recurrence-free survival rates in
patients with pancreatic neuroendocrine neoplasm who underwent
limited resection according to risk score. The risk score suggests the
number of risk factors for recurrence-free survival, such as G2-G3 and
the presence of microvascular invasion, derived via a univariate
analysis. The 3, 5, and 10-year recurrence-free survival rates of patients
with risk scores of 0 (n=50) and 1-2 (n=12) were 100%, 100%, 100%
and 100%, 90%, and 40%, respectively (p<0.001).



regional LND) based on the results of pathological
examination after limited resection. The reason is that
pancreatectomy has certain complications and high mortality
rates (33, 34), and the significance of additional resection for
improving prognosis has not been established. Therefore, it is
desirable that lymphatic, microvascular, and perineural
invasion be used as predictors of recurrence, not as indicators
of additional resection, and for the availability of postoperative
adjuvant treatment and strict postoperative observation.

Although lanreotide, streptozocin, sunitinib and
everolimus are used for unresectable PanNENs (35-38), the
effects of these drugs as postoperative adjuvant therapies
have not been established (18). In the future, clinical trials
showing the significance of adjuvant treatments will be
necessary, but at that time, extracting cases with a high risk
of recurrence will be important. The results of this study may
help identify patients who are eligible for adjuvant therapy.

Generally, computed tomography and magnetic resonance
imaging are often used as regular postoperative imaging
studies, and somatostatin receptor scintigraphy is
recommended every 2 years for G1 and every year for G2-
G3 (39). However, all imaging studies involve costs and are
physically invasive, and there is no clear definition of
duration in these studies. In this study, no recurrence was
observed in patients with NET G1 without LNM or
microvascular invasion. Additional studies are needed in the
future, but the results may be useful in determining the
intervals and duration of regular postoperative examinations.

Information on the presence or absence of LNM may be
lacking when limited surgery is performed. Izumo et al. have
reported that the optimal range of LND in NF-PanNEN and
LND in this area was considered necessary when performing
limited resection (10). However, we found that patients with
NET G1 and without microvascular invasion had no
recurrence even after limited surgery; thus, it may be
possible to predict recurrence more easily.

In this study, WHO grading and the presence of
microvascular invasion were extracted as predictors of
recurrence from various factors; LNM, lymphatic invasion, and
surgical margin were not extracted. This is probably because
most of the recurrence sites in this study were in the liver, and
not in the lymph nodes, while nearly all the patients (99%)
underwent R0 resection. Owing to the small number of lymph
node recurrences in this study, our indication of the LND
seems to have been appropriate. Recurrence of liver metastasis
is thought to be a factor that correlates with prognosis, and
microvascular invasion is considered a more important early
predictor of liver recurrence than LNM.

This study has some limitations. Patients from different
periods over the 19-year study period underwent different
diagnostic and treatment modalities owing to the
advancements in these techniques that have occurred over
time; these variations may have skewed the outcomes of

patients treated during the different periods of the study. In
particular, the 10-year RFS rate was considered a reference
value. Because there were few deaths from PanNENs and the
number of deaths from another disease was the same as that
of deaths from PanNENs, and because it was difficult to
evaluate DSS and OS, we investigated RFS alone. Moreover,
our investigation was retrospective and conducted at a single
institution, and the biases inherent to such settings cannot be
completely excluded.

In conclusion, we were able to clearly determine the
details and significance of lymphatic, microvascular and
perineural invasion in patients with PanNENs. The presence
of microvascular invasion plays an important role in
predicting recurrence. This information is useful for
decision-making regarding treatment strategies in patients
with PanNENs.
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