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The purpose of this study was to evaluate the prognostic potential of the World Health Organization (WHO) 2010 grading 
system in patients with pancreatic insulinomas. This was a retrospective study that analyzed the overall survival of 85 pan-
creatic insulinoma patients treated at our Institute between May 2002 and March 2013. The mean age of our patient cohort 
was 44.26 ± 13.82 years, with the gender split at 30 males and 55 females. Median survival time of the cohort, post-surgery, 
was 100.23 ± 18.18 months. Among the 85 patients, histopathological analyses revealed 52 Low Grade (G1) neuroendocrine 
tumors (NET), 23 Intermediate Grade (G2) NET, and 10 High Grade (G3) Neuroendocrine carcinomas (NEC) according to 
the WHO 2010 grading classification. Significant difference for overall survival was observed between the NET G1 and NEC 
G3 groups (P<0.01), and the NET G2 and NEC G3 groups (P<0.019). In addition, our data showed that overall survival was 
significantly correlated with the European Neuroendocrine Tumor Society (ENETS) tumor–node–metastasis (TNM) staging 
system, and in multivariate analysis, the diameter of tumor was found to be significantly correlated with survival (P=0.038). 
These findings provide additional validation for the prognostic value of using the WHO 2010 grading system, specifically 
with regard to pancreatic insulinomas. 

Key words: insulinoma, prognosis, WHO grading, enucleation, octreotide

Insulinomas are one of the most common pancreatic neu-
roendocrine tumors (PNETS), with an incidence of 0.4 - 7 per 
million population per year [1]. However, autopsy studies have 
reported higher incidences (0.8 - 10%) of PNETS, suggesting 
that most of the disease actually goes undiagnosed [2, 3], and 
advancements in diagnostic techniques have led to increased 
diagnoses of PNETS in recent years [4]. The median age of 
those diagnosed with insulinoma is 50 years, with a slight 
predilection for females [5], and greater than 90% of insuli-
nomas are thought to occur sporadically, typically presented 
as solidary, benign, and encapsulated lesions [6, 7].

While pharmacological agents such as octreotide, a so-
matostatin analog, are frequently used to control hormone 
related symptoms associated with insulinomas [9, 10], surgical 
intervention is the ultimate treatment of choice as it can be 
curative. The preferred surgical approach to remove insulino-
mas is enucleation, since most of them tend to be small, benign 
and encapsulated [11-13]. While enucleation is successful at 
maximizing local control of the tumor, minimizing hypogly-
cemic symptoms, and has a low mortality rate (less than 2%) 

[11-13, 15-17], enucleation procedures do have a relatively 
high incidence of pancreatic fistulas (38%) [14]. Further, enu-
cleation is not always possible especially for PNETS that are 
suspected to be invasive, or tumors that are larger than 3 cm 
(particularly for those associated with the dilated pancreatic 
main duct) [18].

The older WHO 2004 grading system of PNETS [19] 
did demonstrate some value in evaluating the outcome and 
prognosis for insulinoma patients, but was not widely ac-
cepted owing to its limited ability to predict the biological 
aggressiveness, since low grade PNETS can also metastasize, 
and because of the many criteria that needed to be evaluated 
[20]. The WHO grading classification of PNETS was updated 
and simplified in 2010, and the update includes 4 categories 
of PNETS: neuroendocrine tumor G1 (NET G1), neuroen-
docrine tumor G2 (NET G2), neuroendocrine carcinoma 
G3 (NEC G3), and mixed adenoneuroendocrine carcinoma 
(MANEC) [21]. This classification emphasizes the integration 
of the mitotic count and Ki-67 labeling index to better classify 
the biological characteristic of these neoplasms.
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Numerous studies have reported on the prognosis associ-
ated with PNETs [22, 23]. However, studies reporting on the 
prognosis of insulinoma, which is the predominant type of 
functional PNETS, are few. This is likely due to the hetero-
geneity and rarity of insulinomas, especially with regard to 
using the new 2010 grading classifications of the World Health 
Organization (WHO) [21] and the Tumor–Node–Metastasis 
(TNM) staging system of ENETS [24]. With increasing in-
sulinoma diagnoses in recent decades, novel approaches for 
the treatment of this disease are in high need. In this study, 
we reviewed the 10-year experience from our Institution. Our 
analysis included 85 consecutive patients that had resections 
of insulinomas, and we assessed long-term survival following 
surgical resection to evaluate a number of different prognostic 
factors, including an emphasis on the prognostic value of the 
updated WHO 2010 grading classifications.

Patients and methods 

Patients. Patients criteria included pathological and im-
munohistochemical diagnosis of pancreatic insulinoma, 
surgically treated insulinoma by enucleation of tumor or 
other radical resection (e.g. distal pancreatectomy, pancrea-
ticoduodenectomy) at the West China Hospital of Sichuan 
University. Exclusion criteria included absence of surgical 
treatment, presence of chemotherapy, diagnosis of MEN1 
(Multiple Endocrine Neoplasia 1), co-existence of other types 
of carcinomas, and insufficient tumor tissue for histopatho-
logical analysis. None of the enrolled patients had used any 
diazoxide, and most (87.1%) of them had a history of octre-
otide use. This study was approved by the Ethics Committee 
of the West China Hospital of Sichuan University.

Medical and surgical treatments. The pharmacological 
treatment history of patients was obtained by questionnaire 
or out-patient follow-up. Any history treatment course 
with octreotide (subcutaneous injection) was considered 
as having a medical history of octreotide use. Experienced 
medical teams in the Hepato-pancreatic-biliary department 
had performed all surgeries. Enucleation was the first-line 
surgical intervention for insulinomas with clear preopera-
tive locations. Otherwise, insulinomas with close proximity 
to the pancreatic duct or involving a large portion of the 
pancreas underwent other radical surgeries, such as distal 
pancreatectomy, segment resection of pancreas, and in some 
rare cases, pancreaticoduodenectomy. In the earlier years of 
this patient cohort, a very minor number of blind pancreatic 
resections had been performed for tumors without a clear 
preoperative location. 

Data collection and follow-up. From May 2002 to March 
2013, we enrolled 85 patients that met the eligibility criteria. 
Patient data, including demographics (gender and age), 
surgical data (e.g. procedures, length of surgery, intraopera-
tive findings), and pathological and immunohistochemical 
records were all retrospectively reviewed from medical records. 
Telephone follow-ups were conducted during the months 

of March and April, 2014. Overall survival (in months) was 
calculated from the date of surgery until tumor specific death 
or the patient’s last follow-up. One patient died after surgery, 
and six patients could not be located for follow-up, and thus, 
were excluded from the survival analysis.

Tumor characteristics. Tumor characteristics (e.g. tumor 
size, location, surgical margin, Ki-67) were based on intraop-
erative and pathological findings. The updated WHO 2010 
grading classifications and the ENETS 2006 TNM staging 
systems were both used to analyze the clinical characteristics 
and to assess insulinoma patients’ outcome. The WHO 2010 
grading classification is as follows: NET G1 (neuroendocrine 
tumor G1: mitotic count: ≤ 2/10 HPF (high-powered fields), 
Ki-67: ≤ 2%); NET G2 (neuroendocrine tumor G2: mitotic 
count: 2–20/10 HPF, Ki-67: 3–20%); NEC G3 (neuroendocrine 
carcinoma G3: mitotic count > 20/10 HPF, Ki-67 > 20%); 
MANC (Mixed Adeno and Neuroendocrine Carcinoma).

Statistical analysis. In order to evaluate the prognostic 
value of the WHO 2010 grading classifications, the prospec-
tively established primary objective was to determine whether 
the proportion of patients with G1 or G2 insulinoma had a sig-
nificantly longer survival time than those from the G3 group. 
The main outcome variable was the elapsed time (in months) 
from surgery to death. Covariates in the analysis included 
tumor size, type of surgery, use of octreotide or not, the WHO 
2010 grading classifications and the ENETS 2006 TNM staging 
systems. In the survival analysis, the survival distribution for 
each grade (different grade of WHO 2010 grading system or 
the ENETS 2006 TNM staging systems) were estimated using 
the Kaplan-Meier method, and they were tested for equality 
by the log-rank test. Survival distribution was also analyzed 
between patients with different clinical characteristics, such 
as tumor size, or type of surgery. Secondly, with an emphasis 
on WHO 2010 grading classifications, single and multiple 
variates analysis with the Cox proportional hazard regres-
sion model was conducted with age, sex, tumor size, use of 
octreotide, type of surgery, and importantly the WHO 2010 
grading classifications as prognostic factors. Differences with 
a two-sided P value less than 0.05 was considered statistically 
significant. Statistical analyses were performed using SPSS 
21.0 statistical software.

Results

Patient and tumor characteristics. Characteristics of the 
pancreatic insulinoma patients that had undergone pancreatic 
surgery at the West China Hospital of Sichuan University be-
tween May 2002 and March 2013 are presented in Table 1. In 
this cohort, the disease had a predilection for females, with a sex 
ratio of 6:11 (males: females), and patients had a mean age of 
44.26 ± 13.82 years. The majority of patients had a history of 
subcutaneous octreotide (87.1%), and been surgically treated by 
enucleation (68.2%). In addition, tumors tended to be relatively 
small (1.88 ± 1.42 cm), with a nearly similar proportion of loca-
tion in the head, body and tail of pancreas (32.9%, 35.3%, 31.8% 
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Survival analysis. The follow-up periods ranged from 12 
to 130 months post-surgery, and 14 of 78 patients died sub-
sequently after recurrence. Our survival function estimates 
showed that median survival time of our cohort was 100.23 ± 
18.18 months. In terms of the WHO 2010 grading classifica-
tion (Figure 1, Table 2), the Kaplan-Meier estimated survival 
time for patients in the NET G1 vs. NEC G3, and NET G2 
vs. NEC G3 groups, was statistically different (P<0.01, 0.019; 
respectively), whereas there was no significant difference be-
tween the NET G1 and NET G2 groups (P=0.423). The TNM 
stage system of the ENETS was also significantly correlated 
with overall survival (Figure 2, Table 2). Notably, the survival 
time of patients in stage I was statistically longer than those 
in stages II (P=0.045), III (P<0.005) and IV (P<0.005). Also, 
patients in stage II obtained statistically better survival than 
those in stages III (P<0.01) and IV (P<0.005), while no notable 
differences were found between stages III and IV (P=0.099). 
Although, insulinoma had a predilection for females, the 
survival of females in the cohort had no significant difference 
from that of males (P=0.771). Patients with larger tumors (i.e. 
≥2 cm) had a significantly shorter survival time than patients 
with smaller tumors (<2 cm) (P=0.016) (Figure 3, Table 2). 
As the log-rank test revealed, the overall survival between 
patients who had undergone more radical surgical procedures, 
and those who underwent enucleation, was without signifi-
cant difference. There was also no notable difference between 
patients that had been treated with octreotide to those that 
were not treated with octreotide. However, in the 10 NEC G3 
patients, the survival time of the more radical surgery group 
was significantly longer than that of the enucleation group 
(69.43 months vs. 30.23 months; P=0.036).

Outcomes using single and multiple variates. The WHO 
2010 grading classification, age, sex, type of surgery, use of 
octreotide, and tumor diameter were used as single covariates 
in our Cox regression model. Age and sex were not predic-
tive of survival outcome (P=0.60, and P=0.77, respectively). 
In addition, having undergone curative radical surgery, or 
the use of octreotide were also not significant with regard to 
longer survival time (P=0.292, and P=0.577, respectively). 
However, having a larger tumor (≥ 2 cm) was significantly 
associated with poorer survival time (P=0.020), and patients 
with G1 or G2 insulinomas experienced significantly greater 
survival times as compared to patients with G3 insulinomas 
(P<0.01). 

For the multivariate analysis, covariates, which included 
WHO 2010 grading classification, age, sex, type of surgery, use 
of octreotide, and tumor diameter, were entered in our Cox 
regression to probe potential prognostic factors of patients 
who had undergone surgery and had a diagnosis of insuli-
noma (Table 3). Interestingly, we found that tumor diameter 
was significantly associated with survival (P=0.038), as were 
the WHO 2010 grading classifications. Specifically, patients 
with G1 and G2 tumors survived longer than those with G3 
tumors, when the effects of the other prognostic indicators 
were controlled for in our analysis (P<0.01). 

Table 1. Patient and Tumor Characteristics 

Classification mean ± SD/proportion
Age 44.26 ± 13.82
Gender

Male 30 (35.3%)
Female 55 (64.7%)

Use of octreotide
Yes 74 (87.1%)
No 11(12.9%)

Surgical Technique 
Enucleation 58 (68.2%)
Radical Surgery 27 (31.8%)

Tumor 
Diameter (cm) 1.88 ± 1.42
Tumor location in pancreas

Head 28 (32.9%)
Body 30 (35.3%)
Tail 27 (31.8%)

New grading classification of WHO 2010
G1 52 (61.2%)
G2 23 (27.1%)
G3 10 (11.8%)

TNM
I 51 (60%)
II 23 (27.1%)
III 7 (8.2%)
IV 4 (4.7%)

respectively). Clinical stage I, II, III, and IV was defined in 51, 
23, 7 and 4 patients, respectively, using the TNM staging system 
of the ENETS (2006). The WHO 2010 grading classification was 
possible for all patients, and the distribution of tumors was as 
follows: 52 NET G1, 23 NET G2, and 10 for NEC G3. 

Table 2. The statistical analysis of each system

Classification Median survival 
time(month) 95% CI

P

WHO 2010 G1 -* -*  **
(Fig.1) G2 108.80 55.78-161.82
G3 38.00 13.55-62.45
TNM I -* -* ***
(Fig.2) II 78.34 57.99-98.68
III 59.00 7.43-110.58 
IV 30.23 17.39-43.08
Diameter <2cm 108.80 91.21-109.39  0.016 
(Fig.3) ≥2cm 78.1 45.96-110.24

* >50% of patients were alive at last follow-up in this subgroup; the estimated 
median survival time was unavailable.
** G1 vs. G2, P=0.423; G1 vs. G3, P<0.01; G2 vs G3, P=0.019.
*** In the ENETS 2006 TNM staging system, only the difference between 
the estimated survival time of stage III and IV was not significant. The exact 
P values are presented in the footnotes of Figure 2.



487PROGNOSTIC VALIDATION OF 85 PATIENTS WITH INSULINOMA

Discussion

To the best of our knowledge, a number of studies have 
investigated the prognosis of PNETS using the WHO 2010 
grading classification. However, a minority of studies have 
employed this classification to evaluate the prognosis of 
pancreatic insulinoma, which is the main functional type of 
PNETS. Although insulinomas are considered a rare type of 
neuroendocrine tumor, they are the most common functional 
PNETS, with an increasing incidence in recent years [1, 4]. Fur-
ther, data suggest that insulinomas tend to be more common 

in females than males, with most insulinomas occurring in the 
fifth decade of life [5]. In this present work, insulinomas were 
found to be approximately 1.8 times more common in women 
than men, and the insulinomas were diagnosed at a median 
age of 44.26 ± 13.82 years. Most pancreatic insulinomas are 

Figure 1. Comparison of Cumulative Survival in patients with PNETS 
using the WHO grading classifications. The survival times for patients 
between NET G1 and NEC G3, NET G2 and NEC G3 were statistically 
different (P<0.01, and P=0.019, respectively), whereas survival time be-
tween NET G1 and NET G2 was not statistically significantly different 
(P=0.423).

Figure 2. Comparison of Cumulative Survival of Patients with PNETS at 
different stages. The survival time of patients in stage I was statistically 
longer than those in stage II, III and IV (P=0.045, <0.005, and <0.005, re-
spectively). Also, patients in stage II obtained statistically longer survival 
than those in stages III and IV(P<0.01, and <0.005, respectively), while no 
notable differences were found between stages III and IV (P=0.099).

Figure 3. Comparison of Cumulative Survival among insulinoma patients 
with varying tumor sizes. Patients with larger tumors (≥2cm) had a sig-
nificantly shorter survival time than those with smaller tumors (<2cm) 
(P=0.016).

Table 3. Multiple Cox regression of age, sex, surgical technique, tumor 
diameter, and updated WHO 2010 grading classification

Variable P value hazard ratio (95% CI) 
Age at surgery 0.773 1.19 (0.37-3.81)
Sex 0.988 1.01 (0.25-4.11) 
Surgery 0.108 0.23 (0.04-1.39) 
Use of octreotide 0.626 1.413 (0.35-5.68)
Tumor Diameter 0.038 3.46 (1.04-11.18)
Updated grading classi-
fication of WHO 2010

<0.01 31.19 (4.94-196.93)

All covariates are binary variables. Age at surgery (0 for age ≤ 45 years; 1 for 
age > 45 years); sex (0 for female; 1 for male); surgery (0 for enucleation; 1 for 
radical surgical technique); use of octreotide (0 no octreotide use; 1 any his-
tory of octreotide use); tumor diameter (0 for tumor diameter < 2 cm; 1 for 
tumor diameter ≥ 2 cm); updated WHO 2010 grading classification (0 for 
insulinoma of G1 and G2 NET; 1 for G3 NEC).
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also known to be singular, benign, small (<2cm), and slow 
growing [6-7], with the caudal location considered by some 
to be the most frequent tumor site [25, 26]. According to our 
data, the majority of the insulinomas from our patient cohort 
were small (1.88 ± 1.42 cm) G1 and G2 tumors (88.3%), with 
a slight predilection for location in the body and tail of the 
pancreas (67.1%).

Somatostatin analogs, such as octreotide, have been used 
in PNETS for symptom control in functioning tumors [27]. 
Although two randomized placebo-controlled trials demon-
strated that prophylactic use of somatostatin analogs do not 
reduce the incidences of pancreatic fistulas or total postopera-
tive complications after pancreatic resection [29, 30], they can 
inhibit the secretion of insulin in 40 - 60% of insulinomas by 
virtue of their binding to somatostatin receptors on tumor cells 
[28-30]. Unfortunately, compared with other PNETS, the low 
expression of somatostatin receptors on pancreatic insulino-
mas have limited their utility in treating these tumors [31]. In 
the present study, we have demonstrated that in patients with 
a history of octreotide use had similar survival times relative 
to those that had never used somatostatin analogs, and in 
addition, there were no statistically significant findings in 
the univariate or multivariate analyses. However, due to the 
retrospective nature of our study, and the small proportion of 
patients with no history of octreotide use (i.e. 12.9%), we are 
unable to make definitive conclusions on the prognostic value 
of octreotide for patients with insulinoma. 

Surgery is the only curative treatment for pancreatic in-
sulinoma. Based on the nature of this tumor, enucleation is 
the preferred surgical technique, and is associated with low 
morbidity and mortality rates [11-13, 18]. For the majority of 
patients with a diagnosis of insulinoma, enucleation effectively 
relieves symptoms related to hormone secretion, and prolongs 
patient survival time [32, 33]. However, for patients with 
a NEC (e.g. G3 insulinoma), more radical curative surgical 
techniques are often advised [18]. In this 85 patient cohort, 
which included insulinomas of different grades, 58 patients 
had undergone enucleation of their insulinoma, while 27 
had undergone more radical surgeries (e.g. partial pancreatic 
resection, pancreaticduodenectomy). With regard to survival 
time between the two groups, we found no statistical differ-
ence. In addition, a more radical surgery was not a significant 
predictor in the multivariate analysis. However, for the group 
of 10 patients with NEC G3 tumors, the median survival time 
of the more radical surgery group was significant longer than 
that of the enucleation group (69.43 months vs. 30.23 months; 
P=0.036). Thus, our limited data suggest that more radical 
surgeries should be the preferred intervention for patients 
with G3 insulinomas, which are often detected by preoperative 
biopsy or intraoperative suspicion of malignancy (e.g. infiltrat-
ing lymph invasion, pancreatic duct dilation).

A high Ki-67 labeling index and high mitotic count have 
been described as the most consistent prognostic factors for 
poor outcome of PNETS [34]. Indeed, the current WHO 
grading classification is based on these two factors only (in 

contrast to the WHO 2004 guidelines which included ad-
ditional criteria). In the present study, the survival of the G3 
group was significantly lower than that of G1 and G2 groups. 
Further, the WHO 2010 grading classification was a signifi-
cant prognostic factor both in our univariate and multivariate 
analyses. However, the grading level of Ki-67 between NET 
G1 (neuroendocrine tumor G1: mitotic count: ≤2/10HPF, Ki-
67: ≤2%), and NET G2 (neuroendocrine tumor G2: mitotic 
count: 2–20/10HPF, Ki-67: 3%–20%) remains controversial. 
Bosman et al, have indicated that the long-time survival be-
tween patients with G1 and G2 tumors would be significantly 
different as a result of increasing the Ki-67 level (between G1 
and G2) from 2% to 5% [21]. As noted earlier, by combining 
the mitotic count and Ki-67 positive rate, we evaluated the 
surgical outcome of insulinoma by the updated WHO grad-
ing system and evaluated its prognostic value, in which we 
concluded that, patients with insulinomas of NET G1 and 
NEC G2 gained statistically better survival rates than those of 
NEC G3 (P<0.01, and P=0.019, respectively), whereas survival 
between NET G1 and NET G2 was not significantly different 
(P=0.423). Likewise, the previous WHO 2004 classification 
discriminated between the low- and high-grade malignant 
PNETS, but did not differentiate further prognosis of low and 
intermediate malignant PNETS [35]. Therefore, the prognostic 
value of Ki-67 was a definite, one while the level between G1 
and G2 may require future adjustments.

Notably, due to some incomplete data, we were unable to 
perform a direct comparison between the WHO 2004 and 
WHO 2010 classifications. However, the results from our study 
provide validation for the prognostic value of the updated 
WHO 2010 grading classification system, and importantly, 
we were able to validate the WHO 2010 system using fewer 
data points than would have been required when using the 
WHO 2004 system. We view this as a significant advance, since 
the simplified WHO 2010 system represents a more “user-
friendly” system that is potentially easier to implement and 
interpret for clinicians (i.e. WHO 2010 classification system 
relies only on mitotic count and proliferation index) compared 
to the 2004 version. 

Although the ENETS 2006 TNM stage system is being 
widely used for most types of cancers, and is well-accepted 
by the surgical medical community, the new WHO 2010 
grading system (which depends on more detailed and time-
consuming pathological examination) reflected the biological 
aggressiveness better as compared with the ENETS 2006 
TNM stage system. Overall, both of these two systems have 
their advantages and disadvantages, and they depend on the 
pathological and clinical characteristics of tumor, respectively. 
It is suggested that surgeons should combine both of them, in 
a complementary approach, for the evaluation of the prognosis 
of insulinoma. 

In addition, tumor diameter was found to be a significant 
prognostic factor both in our univariate and multivariate 
analyses. A number of possibilities may explain these results. 
First, removal of larger tumors may result in greater pancreatic 
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surgical wounds, and thus, a higher risk of injury to the pan-
creatic duct, which could be detrimental to survival. Moreover, 
the new WHO 2010 classification of tumors of the digestive 
system considers all insulinomas ≥0.5 cm as malignant tumors 
[19]. Lastly, larger tumors are thought to be associated with 
more aggressive forms of PNETS [36, 37]. 

In conclusion, systematic clinical-pathological assessment 
and follow-up validate the utility of the updated WHO 2010 
grading classifications for the prognosis of pancreatic insuli-
noma. Nonetheless, the cut-off levels for Ki-67 between the G1 
and G2 categories may potentially need adjustment, as men-
tioned earlier. As evidenced by numerous studies, ENETS 2006 
TNM staging systems have also been shown to have prognostic 
value, and importantly, these two grading systems may com-
plement each other when used together when making clinical 
decisions. Also, while enucleation is the surgical intervention 
of choice for most insulinoma patients, more radical surgeries 
are often necessary for patients with G3 insulinomas. Overall, 
our study confirms that insulinomas with larger tumor diam-
eters typically result in poorer survival outcomes, and that the 
prognostic value of the WHO 2010 grading classification has 
been validated with regard to overall survival of pancreatic in-
sulinoma patients. These data provide rationale for conducting 
additional studies in larger and diverse cohorts. 
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