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Abstract

Introduction: Management of malignant insulinomas is challenging due to the need to control both hypoglycaemic 
syndrome and tumor growth. Literature data is limited to small series.
Aim of the study: To analyze clinico-pathological characteristics, treatments and prognosis of patients with malignant 
insulinoma.
Materials and methods: Multicenter retrospective study on 31 patients (male: 61.3%) diagnosed between 1988 and 
2017.
Results: The mean age at diagnosis was 48 years. The mean NET diameter was 41 ± 31 mm, and 70.8% of NETs were 
G2. Metastases were widespread in 38.7%, hepatic in 41.9% and only lymph nodal in 19.4%. In 16.1% of the cases, the 
hypoglycaemic syndrome occurred after 46 ± 35 months from the diagnosis of originally non-functioning NET, whereas 
in 83.9% of the cases it led to the diagnosis of NET, of which 42.3% with a mean diagnostic delay of 32.7 ± 39.8 
months. Surgical treatment was performed in 67.7% of the cases. The 5-year survival rate was 62%. Overall survival 
was significantly higher in patients with Ki-67 ≤10% (P = 0.03), insulin level <60 µU/mL (P = 0.015) and in patients who 
underwent surgery (P = 0.006). Peptide Receptor Radionuclide Therapy (PRRT) was performed in 45.1%, with syndrome 
control in 93% of patients.
Conclusions: Our study includes the largest series of patients with malignant insulinoma reported to date. The 
hypoglycaemic syndrome may occur after years in initially non-functioning NETs or be misunderstood with delayed 
diagnosis of NETs. Surgical treatment and Ki67 ≤10% are prognostic factors associated with better survival. PPRT 
proved to be effective in the control of hypoglycaemia in majority of cases.
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Introduction

Malignant insulinoma is a rare pancreatic neuroendocrine 
tumor (panNET) that accounts for only 10% of all cases 
of insulinoma (1). The clinical picture is characterized by 
the presence of severe hyperinsulinemic hypoglycaemic 
syndrome in a patient with panNET with locoregional 
and/or distant metastases. The diagnosis is based on 
inappropriate levels of insulin, proinsulin and C-peptide 
during a spontaneous episode of hypoglycaemia or 
triggered by a fasting test (2).

The hypoglycaemic syndrome is generally present 
at panNET diagnosis, but can occasionally occur in an 
originally non-functioning metastatic panNET that 
becomes insulin secreting during the course of the disease, 
and this change is associated with a negative impact on 
the prognosis (3).

The therapeutic management is challenging for both 
the hypoglycaemic syndrome and the aggressive tumor 
growth. The hypoglycaemic syndrome is often refractory 
to symptomatic treatment. Diazoxide is the most used first-
line therapy for hormonal syndrome control. Somatostatin 
analogues (SA) constitute an alternative to diazoxide 
in second-line therapy and have been demonstrated 
as an effective treatment of hypoglycaemia in about 
50% of patients. Everolimus is indicated in refractory 
hypoglycaemia of malignant insulinoma. Treatment 
with glucocorticoids can be used after failure of the 
previous treatments because it induces hyperglycaemia by 
inhibiting insulin release and increasing peripheral insulin 
resistance (4). Curative surgery is rarely applicable due to 
the widespread metastases of the tumor, but debulking 
surgery can result in a symptomatic improvement and 
can improve the efficacy of systemic or locoregional 
therapies. Peptide Receptor Radionuclide Therapy (PRRT) 
is an effective treatment option for hormonal syndrome 
relief and reduction or stabilization of tumor burden in 
NETs in general; however, the experience in malignant 
insulinoma, even if promising, is very limited (5, 6, 7).

Given the rarity of the disease, available series of 
patients with malignant insulinoma are scarce and include 
few cases, thus it is not known which is the best and most 
efficacious sequence of treatments in these cases.

The aim of this study was to evaluate clinico-
pathological characteristics, treatment modalities and 
prognosis of an Italian multicenter series of patients with 
malignant insulinoma.

Patients and methods

We conducted a retrospective analysis of data from patients 
with diagnosis of malignant insulinoma, collected in 13 
Italian referral centers for NETs between 1988 and 2017 
and divided in 5-year intervals by the date of diagnosis, 
obtained both in paper and electronic form by means of 
a specific questionnaire, divided into different sections. 
Patients with diagnosis of malignant insulinoma were 
identified from the institutional database of patients of 
each center. Data were retrieved by medical personnel 
from medical records both in paper and electronic form. 
The diagnosis of malignant insulinoma was established 
on a review of the patient’s medical history, presence 
of Whipple Triad (symptoms or signs consistent with 
hypoglycaemia, low plasma glucose level and relief of 
symptoms after administration of glucose) associated 
with C-peptide >0.6 ng/mL and insulin levels >3 µIU/
mL (during an episode of spontaneous hypoglycaemia or 
induced by a 72-h fasting test) and NET of the pancreas 
(panNET) with synchronous lymph node and/or distant 
metastases.

The first section of the questionnaire referred to 
the clinical and biochemical data, including duration 
of symptoms before NET diagnosis, specifying if the 
two diagnoses were coincident or the hypoglycaemic 
syndrome occurred after an initially non-functioning 
NET, insulin, C-peptide and glucose serum levels.

Other specific items were the diagnostic imaging 
procedures performed to identify the NET, including 
radiological ones: ultrasonographic (US) scan, abdomen 
and thorax CT or abdomen MRI, and nuclear medicine 
imaging: somatostatin receptor scintigraphy (SRS/
Octreoscan®), 68Ga-DOTA-peptide-PET/CT and 
18F-fludeoxyglucose(FDG)-PET/CT.

Other sections regarded the site of the NET, 
histological features according to 2017 WHO classification 
for panNETs (8), proliferative activity by staining for 
Ki67 antigen, presence of local or distant metastases and 
association with inherited syndrome such as multiple 
endocrine neoplasia (MEN) type 1 syndrome.

Results from the biopsy of the NET or metastases were 
reported when available. Chromogranin A (CgA) levels 
were also collected when available.

Data regarding modalities of treatment for 
hypoglycaemia control (medical treatment) and for 
tumor control (surgery of the NET and metastases), 
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antiproliferative treatment, transcatheter arterial 
chemoembolization (TACE), transcatheter arterial 
embolization (TAE), radiofrequency ablation (RFA), PRRT 
and results of treatments in terms of total or partial 
hypoglycaemic control and survival were collected.

The study was approved by the local Medical Ethics 
Committee of the University of Verona.

Statistical analysis

The results are expressed as means (±s.d.). Two-sample 
Student’s t-test was used to verify statistical differences 
between means, whereas χ2 test was used to evaluate 
the association between categorical variables. Values 
of P < 0.05 were considered statistically significant. 
Survival probabilities were estimated by employing the 
Kaplan–Meier method. Survival curves were compared by 
employing the log-rank test. The joint prognostic role of 
considered variables was evaluated by employing the Cox 
model. All the analyses were performed by employing 
the software R (R Core Team (2014). R: A language and 
environment for statistical computing. R Foundation for 
Statistical Computing (Vienna, Austria)).

Results

Clinico–-pathological characteristics of the 
patients, laboratory data and 
diagnostic procedures

The study included 31 patients (61.3% male) diagnosed 
with malignant insulinoma, with mean (±s.d.) age at 
diagnosis of 48 ± 15 years. In five cases (16.1%), the 
hypoglycaemic syndrome occurred on average after 
46 ± 35 months from the diagnosis of originally non-
functioning NET, whereas in 26 (83.9%) cases it led to 
the diagnosis of NET, of which 11 cases (42.3%) with a 
mean diagnostic delay of 32.7 ± 39.8 months. One (3.2%) 
patient was affected by MEN1.

During hypoglycaemia (mean glucose value 34 ± 8.3 
mg/dL), the mean insulin was 67.2 ± 48.5 µIU/mL and 
C-peptide 4.36 ± 4 ng/mL. In 24 patients (77.5%), the 
biochemical diagnosis was made during a spontaneous 
hypoglycaemic episode, whereas in 7 patients (22.5%) 
during a 72-h fasting test that was discontinued during 
the first day in six cases and during the second day in one 
case. The CgA was increased in 78.6% of cases.

Ki-67 was available in 24/31 (77.4%) patients, allowing 
stratification in three groups: G1 (NETs characterized by 
Ki-67 ≤2%), 3/24 (12.5%); G2 (Ki-67 between 3% and 

20%), 17/24 (70.8%); and G3 (Ki-67 ≥20%), 4/24 (16.7%). 
Immunostaining for insulin was reported positive in 
11/14 (78.6%) of patients in which it was available. 
Metastases were widespread in 38.7%, hepatic in 41.9% 
and only lymph nodal in 19.4%. Among G1 NETs, 2/3 
(67%) had only lymph node metastases and 1/3 (33%) had 
liver metastases; among G2 NETs, 5/17 (29.4%) had only 
lymph node metastases, 7/17 (41.2%) had liver metastases 
and 5/17 (29.4%) had widespread metastases; among G3 
NETs, 1/4 (25%) had liver metastases, while 3/4 (75%) had 
widespread metastases. According to ENETS TNM staging 
system (9), 7/31 (22.6%) patients were in stage III and 
24/31 (77.4%) in stage IV. The most frequent site of NET 
was the pancreatic body-tail (78.6%), followed by head 
and uncinate process (21.4 %). The average NET diameter 
was 41 ± 31 mm (>20 mm in 65.2%).

The clinico-pathological characteristics of the patients 
are summarized in Table 1.

Regarding diagnostic procedures, CT was the most 
prevalent instrumental investigation (19/31, 61.3%), 
followed by abdomen MRI (3/31 9.7%). These procedures 
resulted positive in 100% of the patients. Octreoscan was 
performed in eight cases and positive in 100% of cases, 
68Ga-DOTA-peptide PET/TC was positive in 13/14 (92.3%) 
and 18F-(FDG)-PET/TC in 8/9 (88.9%) of patients who 
underwent it. Eight patients underwent both 68Ga-DOTA-
peptide PET/TC and 18F-(FDG)-PET/TC of which seven 
had both the procedures positive, whereas one had 
68Ga-DOTA-peptide PET/TC positive and 18F-(FDG)-PET/
TC negative.

Table 1 Clinico-pathological characteristics, laboratory and 
imaging data.

Characteristics Value

Male, n (%) 19/31 (61.3)
Age at diagnosis (years; mean ±s.d.) 48 ± 15
Symptom duration before  

diagnosis (months; mean ± s.d.)
46 ± 35

Insulin at diagnosis, µUI/mL (mean ± s.d.) 67.2 ± 48.5
C-peptide, ng/mL (mean ± s.d.) 4.36 ± 4
Glycaemia, mg/dL (mean ± s.d.) 34 ± 8.3
G1 (Ki-67: ≤2%), n (%) 3/24 (12.5)
G2 (Ki-67: 3–≤20%), n (%) 17/24 (70.8)
G3 (Ki-67: >20%), n (%) 4/24 (16.7)
NET diameter (mm; mean ± s.d.) 41 ± 31
Widespread metastases, n (%) 12/31 (38.7)
Only liver metastases, n (%) 13/31 (41.9)
Only lymph node metastases, n (%) 6/31 (19.4)
Site: body-tail, n (%) 22/28 (78.6)
Site: head-uncinate process, n (%) 6/28 (21.4)
68Ga-DOTATATE PET/TC positivity, n (%) 13/14 (92.3)
18F-(FDG)-PET/TC positivity, n (%) 8/9 (88.9)
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Therapeutic management of malignant insulinoma

Surgical treatment was performed in 21/31 (67.7%) 
patients. In 11/21 (52.4%), only the panNET was removed, 
whereas in 10/21 (47.6%) both the panNET and the 
metastases with debulking intent were removed.

Curative surgery was obtained in two patients with 
only lymph nodal metastases. Surgery was performed as 
first-line treatment alone in seven cases (7/21, 33%), plus 
SA in 8/21 (38%), plus SA and TACE/TAE/RFA in 3/21 
(14%) cases, plus SA and everolimus in 2/21 (9%) and plus 
SA and chemotherapy in 1/21 (5%) case. Surgery alone 
or associated with the previously mentioned treatments 
resulted in a hypoglycaemic control in 42.9% of the 
patients.

The other ten patients did not undergo surgical 
treatment due to widespread tumor burden and/or poor 
clinical conditions. Among these patients five (50%) were 
treated as first option with SA alone, two (20%) with SA 
plus chemotherapy, two (20%) with SA plus PRRT and one 
(10%) with SA plus everolimus.

The majority of the patients (25/31, 80.6%) 
underwent further lines of treatments with different 
sequences including PRRT (12 cases), everolimus (19 
cases), chemotherapy (8 cases), TACE/TAE/RFA (3 cases), 
radiotherapy (2 cases). One patient underwent liver 
transplantation.

Dividing the cases into 5-year intervals by the year of 
diagnosis, the therapies applied were the following: 1988–
1992: 1 case treated with surgery, SA, everolimus and PRRT; 
1993–1997: no patients; 1998–2002: 1 case treated with 
surgery plus SA; 2003–2007: 5 cases: surgery was performed 
in 4, TAE/TACE/RFA in 3, PRRT in 2, chemotherapy in 2, 
radiotherapy in 1, SA was administered in 3, everolimus 
in 3; 2008–2012: 12 patients: surgery was performed in 
11, PRRT in 6, chemotherapy in 5, radiotherapy in 1, liver 
transplantation in 1, TAE/RFA in 1, SA was administered 
in 10, everolimus in 8; 2013–2017: 12 patients: surgery 
was performed in 4, PRRT in 5, chemotherapy in 4, TAE/
TACE/RFA in 2, SA in 9, everolimus in 10.

Regarding PRRT, it was carried out in 14 patients in 
total, of whom 2/14 (14%) patients as first option with 
SA, whereas 8/14 (57%) as the second line of therapy, 4/14 
(28%) as third or fourth line of therapy after surgery. Two 
patients received PRRT in association with Everolimus for 
hypoglycaemic syndrome control at low dose (5 mg/day) 
in order to avoid cumulative haematological toxicity.

Among patients treated with PRRT, 6/14 (42.9%) 
obtained a complete hypoglycaemic control, 7/14 (50%) 
a reduction in hypoglycaemic episodes, whereas the 

information is not available for one patient because he 
was lost to follow-up.

As additional therapy, in order to improve the 
hypoglycaemic control, 20/31 (64%) patients were treated 
with Diazoxide, 7/31 (23%) with corticosteroid therapy 
and one with Verapamil. Two patients received Pasireotide 
i.m. in a compassionate use.

Follow-up and survival rate

The median follow-up (from diagnosis to last evaluation) 
was 60 months (range 3–194 months).

During the follow-up period, 11/31 (35%) patients 
died and two were lost to follow-up.

The 3-year survival rate was 76%, the 5-year survival 
rate was 62% and the 10-year survival rate was 49%. The 
median overall survival (OS) was 40 months (Fig. 1).

There was no statistically significant difference in 
5-year OS according to gender, age at diagnosis and period 
of diagnosis.

Regarding tumor characteristics, we did not observe 
any significant difference in OS by the site of primary 
tumor and its dimension. A trend toward increased survival 
by grading was found (5-year OS 100% for G1, 77% for G2 
and 33% for G3). This last result did not reach statistical 
significance probably because the majority of tumors were 
G2 (70.8%), while only 12.5% and 16.7% were G1 and 
G3, respectively. Moreover, considering the Ki-67 cut-
off of 10%, patients with Ki-67 ≤10% at diagnosis had a 
significant longer survival compared with patients with 

Figure 1
Overall survival of the entire cohort. Number of patients at risk 
at 12, 24, 36 and 60 months were 28, 23, 18 and 15. Survival 
probabilities were estimated by employing the Kaplan–Meier 
method.

https://eje.bioscientifica.com
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Ki-67 >10% (5-year OS rate 87% vs 43%, P = 0.03). This 
data was confirmed in a multivariate analysis in which 
Ki-67 was an independent prognostic factor of OS (hazard 
ratio 6.18, P = 0.035) (Fig. 2). No patients with Ki-67 >10% 
were alive at 10-year follow-up.

A major increase in insulin serum levels at diagnosis 
was associated with a worse prognosis. In particular, it 
was found that patients presenting insulin level ≤60 µIU/
mL had an improved survival compared with those with 
higher insulin levels (5-year OS 78% vs 31%, P = 0.015, 
Fig.  3). Furthermore, there was a trend toward higher 
insulin levels in patients with G2 and G3 panNETs 
compared with those in patients with G1 NETs (none 
G1-NETs, 50% G2 and G3 NETs with insulin >60 µUI/mL).

With regard to the type of treatment, patients who 
underwent surgery had a higher survival rate than those 
who did not (5-year OS 76% vs 31.7%, P = 0.006) (Fig. 4).

Moreover, patients receiving PRRT as second-
line treatment had a better prognosis then those who 
underwent it in further lines, although the 5-year OS 
was not significantly different (80% vs 25% respectively, 
P = 0.057).

Discussion

To the best of our knowledge, there are no published 
studies with a malignant insulinoma series larger than 
ours, reporting detailed data regarding the clinical 

presentation, tumor characteristics, treatments and 
prognostic factors affecting survival.

The main limitation of our study is the long enrolment 
period which conditions the considerable heterogeneity 
of the clinical management.

Indeed, the study shows how the lines of treatment 
vary greatly from patient to patient and among centers 
reflecting the complexity of the management directed to 
both the hypoglycaemic and tumor growth control.

Figure 2
Overall survival by Ki-67 index. Number of patients at risk at 
36 and 60 months are 10, 7 (Ki-67 ≤10%), 5 and 4 (ki-67 >10%). 
Survival probabilities were estimated by employing the 
Kaplan–Meier method. Survival curves were compared by 
employing the log-rank test.

Figure 3
Overall survival by insulin levels. Number of patients at risk at 
36 and 60 months are 9, 6 (insulin ≤60 µIU/mL), 6 and 4 
(Insulin >60 µIU/mL). Survival probabilities were estimated by 
employing the Kaplan–Meier method. Survival curves were 
compared by employing the log-rank test.

Figure 4
Overall survival by NET surgery. Number of patients at risk at 
12, 24, 36 and 60 months is 20, 15, 14 and 13 (Yes) and 7, 6, 4 
and 3 (No). Survival probabilities were estimated by employing 
the Kaplan–Meier method. Survival curves were compared by 
employing the log-rank test.
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Surgery, either with curative or debulking intent, 
was the first choice of treatment in most of our cases and 
provided a significant improved survival rate as well as 
symptomatic control.

Surgical treatment in advanced functioning panNETs 
is still controversial and the benefit on survival and 
symptomatic control remains unclear, also due to the 
potential morbidities associated with the intervention 
(10). Despite this, some recent studies have suggested 
that there could be an improvement in survival after 
primary tumor resection in patients with unresectable 
liver metastases (10, 11, 12). Moreover, according to the 
last ENETS guidelines (13, 14), debulking surgery can be 
considered even in the setting of metastatic disease, as 
long as the patient has an acceptable surgical risk.

To our knowledge, this present case series is the 
first one that includes only malignant insulinomas 
and supports the positive role of surgery as a means of 
improving the prognosis, the glycaemic control and 
possibly the efficacy of the further treatment lines. We 
acknowledge that this result could have been influenced 
by the selection bias of patients admitted for intervention, 
who were all in reasonable good performance status and 
health conditions therefore suitable for surgery. However, 
given the rarity of malignant insulinomas, it is quite 
difficult to perform a randomized prospective study to 
assess the efficacy of surgery in advanced stages.

Regarding PRRT, it was performed in 43% of the 
patients, more frequently as a second or further line of 
treatment rather than first-line therapy, and resulted in a 
complete or partial reduction of hypoglycaemic episodes 
in the majority of cases.

Our data support previous results from the few 
retrospective studies with small series of patients including 
insulin secreting metastatic NETs, confirming the role of 
PRRT in relieving hypoglycaemic symptoms (6, 7, 15, 16, 
17, 18).

In the study of Zandee et  al. (19), treatment with 
177Lu-DOTATATE resulted in an objective, symptomatic 
and biochemical response in a high percentage of 
patients with metastatic functioning panNETs including 
14 insulinomas. In particular, there was a decrease in 
hypoglycaemic events in 67% of cases.

Different from benign insulinomas that have a low 
somatostatin receptor type 2 (SSTR2) expression, malignant 
insulinomas present a high avidity on 68Ga-DOTATATE 
PET/TC (20). In our series, 68Ga-DOTATATE PET/TC was 
positive in 97% of patients who underwent it, supporting 
the evidence of the high uptake of SSTR2 targeting 
imaging studies. This observation is clinically relevant, 

considering that the tumor expression of SSTR2 receptors 
makes the patient a potential candidate for PRRT.

Regarding the tumor characteristics, the grading 
defined by Ki-67 proliferation index is considered an 
established strong prognostic factor in numerous series 
(21, 22, 23). Our paper demonstrates how tumor grading 
significantly correlates with overall survival in malignant 
insulinomas. In particular, we found that a Ki-67 cut-off 
of ≤10% better predicts the 5-year OS compared with 
the cut-off of >10% (87% vs 43%). Only 16.7% of the 
tumors of our series were G3 NETs, of which none was 
poorly differentiated, confirming that the majority of 
insulinomas are well or moderately differentiated.

The immunoistochemical determination of insulin 
was positive in 78.6% of our cases. The negative 
immunostaining for insulin in the remaining (21.4%) 
tumors does not exclude the diagnosis of insulinoma 
and it can be attributed to the rapid release of insulin 
and correlates to the severity of the syndrome, as already 
reported in previous studies (24, 25).

In the majority of cases in our series, the 
hypoglycaemic syndrome led to the diagnosis of NET, 
even if in 42.3% there was a mean diagnostic delay of 
32.7 ± 39.8 months. This observation can be due to the 
non- specific symptoms that can be underestimated. 
In the minority of cases (16.1%), the hypoglycaemic 
syndrome occurred years after the diagnosis of NET, 
which was initially non-functioning. The occurrence 
of a hormonal syndrome in a non-functioning NET has 
already been described and it is generally associated with 
worse prognosis (26, 27).

The mean fasting insulin levels in our series was 
higher than those reported in previous case studies that 
included benign insulinomas (28, 29). We also found that 
insulin levels >60 µIU/mL significantly correlated with 
a worse survival. Although insulin levels were reported 
to be at least 2 to 3-fold higher in malignant compared 
with benign forms, no data assessing an insulin cut-off 
that defines prognosis in malignant insulinomas have 
been evaluated so far. Further research is required to 
validate this result before it can be used as an established 
prognostic factor.

Finally, the 5-year survival rate in our cohort was 
better than that reported in the epidemiological study by 
Lepage et al. (30) (62% vs 55.6%) and the 10-year survival 
rate was higher than that of the Mayo Clinic over a period 
of 60 years (49% vs 29%) (1). The improved prognosis 
over the last decades can be explained by the advanced 
surgical techniques and the availability of new treatment 
strategies such as PRRT and Everolimus.
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Conclusions

Our study includes the largest series of patients with 
malignant insulinomas reported to date that analyses the 
clinico-pathological features of the disease, the impact of 
treatment type and survival rates.

We confirmed that hypoglycaemic syndrome may 
occur after years in initially non-functioning NETs or be 
misunderstood with delayed diagnosis of NETs.

In our series, the main significant prognostic factors 
associated with better survival were surgical treatment 
and Ki-67 ≤10%, whereas insulin levels >60 µU/mL were 
associated with worse prognosis.

Moreover, our data showed that PPRT is effective in 
the control of hypoglycaemic syndrome in the majority 
of cases and provided further evidence that the use of 
PRRT should be considered in the early progression of the 
disease.
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