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Abstract 
Background:  Multimodal interventions in neuroendocrine tumors appear to have a beneficial impact on survival. Metastatic insulinoma is asso-
ciated with hypoglycemia and, historically, a shortened life expectancy.
Methods:  The authors retrospectively analyzed the clinical outcomes of patients with metastatic insulinomas treated at a tertiary care center 
between 2006 and 2023.
Results:  Clinical data on 14 patients with metastatic insulinoma (metastases to the liver, skeleton, and lung) were reviewed in this descriptive 
study. The patients underwent various treatments including surgery; liver directed therapies (embolization, selective internal radiotherapy), 
somatostatin analogs; targeted agents (everolimus); systemic chemotherapy (capecitabine/temozolomide; carboplatin/etoposide); external 
beam radiation; and peptide receptor radiotherapy. Seven subjects died during follow-up. The time of the 7 deaths ranged from 2.5 to 10.4 years 
(median time to death was 8.2 years). This compares to previous reports of median survival of about 2 years. Seven subjects are alive 1.2-12.3 
years after diagnosis. Hypoglycemia was well-controlled and did not cause the deaths.
Conclusions:  Multimodal interventions in metastatic insulinoma can be effective in managing hypoglycemia. The patients on multimodal treat-
ments also lived a long time when considering previous published reports of median survival of just 2 years. Our findings challenge previous 
assumptions regarding clinical outcomes in this patient population.
Key words: insulinoma; metastatic.

Implications for practice
Historically, patients with metastatic insulinoma had median survival in the range of 2 years and hypoglycemia was often difficult to 
manage. We report that with multimodal intervention, the survival of these patients is much improved and hypoglycemia can be controlled.

Introduction
The incidence of gastroenteropancreatic neuroendo-
crine tumors appears to be increasing.1 An analysis of the 
Surveillance, Epidemiology and End Results (SEER) data-
base from 1975 to 2012 noted that in individuals aged 40-75 
years, the absolute rise in pancreatic neuroendocrine tumors 
was 0.33 cases per 100 000.2A nationwide survey performed 
in Japan reported that the incidence of pancreatic neuroendo-
crine tumors is about 12.7 per million population. Of these, 
32% (4.1 per million population) were functional tumors. 
The commonest of these functional tumors were insulino-
mas—about 1/5 of all the functional tumors (0.8 per million 
population).3

The vast majority of insulinomas are benign single tumors 
localized in the pancreas (~90%). The remainder are malig-
nant tumors. The malignant tumors can be categorized into 
those with locoregional extension outside the pancreas; 
or metastatic lesions elsewhere in the body, principally the 
liver.4,5 Surgical resection of the benign single tumors in the 
pancreas results in a cure with a very low risk for recurrence. 
Among the malignant insulinomas, those with locoregional 

extension, the disease is slowly progressive, and long-term 
survival is the norm.4,6 It is the metastatic insulinomas, with 
tumor metastases predominantly to the liver and bone, where 
the life expectancy is shortened with previously reported 
median survival of approximately 2 years.7-9

There are now multiple modalities to treat malignant pan-
creatic neuroendocrine tumors.5,8,10-12 The optimal sequence 
of therapies remains unknown, and treatment strategies typ-
ically are individualized based on patient co-morbidities and 
preferences, as well as variables such as functional status, 
tumor location, extent, and rate of growth. When feasible, 
surgical resection of primary tumors as well as metasta-
ses is considered. Other cytoreductive therapies include  
liver-directed treatment with transarterial embolization 
(TAE); transarterial chemoembolization (TACE) and radiof-
requency ablation with Yttrium-90 microspheres as well as 
systemic interventions like peptide receptor radiotherapy 
(PRRT) with 177-Lutetium labeled somatostatin analogs; and 
chemotherapy, for example, capecitabine plus temozolomide 
or carboplatin and etoposide.10,13-15 Additionally, cytostatic 
agents that are commonly employed include the mTOr inhib-
itor everolimus or the tyrosine kinase inhibitor, sunitinib.16 
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mTOr—mammalian target of rapamycin is a serine-threonine 
protein kinase that functions downstream of phosphatidy-
linositol 3-kinase and Akt and is abnormally activated in a 
number of cancers. Sunitinib acts on a number of molecular 
pathways involved in angiogenesis. The somatostatin analogs 
(octreotide, lanreotide, and pasireotide) inhibit proliferation 
through both cytostatic and cytotoxic pathways. Many of 
these treatments not only control tumor growth but also limit 
insulin secretion and prevent hypoglycemia.

With the availability of multiple interventions, we retro-
spectively reviewed cases of metastatic insulinomas treated at 
our institution to assess the impact of treatment on survival 
and prevention of hypoglycemia. We hypothesized that sur-
vival would be prolonged compared to previously published 
reports and that hypoglycemia was manageable.

Methods
All cases of malignant insulinoma managed at our tertiary 
care institution between 2006 and 2023 were reviewed. The 
cases were identified by (1) querying our institutional neuro-
endocrine tumor (NET) database; (2) searching the electronic 
medical record (ICD codes); and (3) screening patients sched-
uled for follow-up at the UCSF Center for Neuroendocrine 
Tumors or Endocrinology Clinic. Individual patient charts 
were then reviewed to see if they met the case definition of 
insulinoma with metastases to the liver or other sites. They 
were reviewed with respect to treatment, management of 
hypoglycemia, the results of germline testing (if performed in 
the context of clinical care), and survival.

This analysis is descriptive. Clinical, treatment, and out-
comes data are reported in detail and using summary statis-
tics. Survival from the initial diagnosis of a neuroendocrine 
tumor is estimated using Kaplan-Meier technique. Ethical 
conduct of research: IRB approval for the retrospective case 
analysis was obtained from the UCSF Committee for Human 
Research (UCSF Neuroendocrine Tumor Outcomes Database 
IRB # 10-00854).

Results
We identified 16 patients who carried a diagnosis of malignant 
insulin-producing pancreatic neuroendocrine tumor (malig-
nant insulinoma) between 2006 and 2023. We reviewed all 
the medical records until the end of July 2023. We excluded 
2 patients from the analysis. One of these patients was diag-
nosed with nonfunctional metastatic neuroendocrine tumor. 
He survived for 7 years and symptomatic hypoglycemia was 
only present for 3 weeks prior to his death. The other patient 
is alive 12 years after diagnosis of insulin-producing pancre-
atic neuroendocrine tumor and had 2 identified loci of dis-
ease in the pancreas—a lesion in the tail which was resected 
and a lesion near the pancreatic head that was not resected 
because it encases the common bile duct, superior mesenteric 
vein, and common hepatic artery. This patient does not have 
metastatic disease in the liver or elsewhere, that is, only has 
unresectable locoregional disease. The data analyses in this 
report are therefore limited to 14 patients—7 men and 7 
women—with distant metastatic disease (Table 1). The mean 
age at diagnosis of insulinoma was 55.9 ± 15.1 years (SD; 
range 20-73 years).

Nine of the 14 subjects presented with hypoglycemic symp-
toms. Five subjects developed hypoglycemic symptoms after 

the diagnosis of the pancreatic neuroendocrine tumor. The 
mean time to development of hypoglycemia in these 5 sub-
jects after the initial diagnosis of the pancreatic neuroendo-
crine tumor was 30 months ± 21 {SD; range 8-60 months]. 
The average laboratory glucose level for the patients at time 
of evaluation for hypoglycemia was 45 ± 2 mg/dL (SD, range 
36-59 mg/dL); The mean insulin level was 50.4 mU/L ± 53.7 
(SD, range 18.1-181 mU/L) and the mean proinsulin level was 
358.9 ± 233.9 (SD; range 93-700 pmol/L).

Ten of the 14 had synchronous metastases in the liver at the 
time of diagnosis of pancreatic neuroendocrine tumor. The 4 
subjects who did not have visible liver metastases at diagno-
sis went into clinical remission after the initial surgery for a 
duration of 2.5-9 years before presenting again with hypogly-
cemia and liver metastases (metachronous liver metastases). 
With disease progression, there was not only an increase in 
the number and size of the liver lesions but also many patients 
developed osseous (n = 7) and lung metastases (n = 4). All the 
patients underwent imaging with radiolabeled somatostatin 
analogs (68 Ga-DOTATATE, 68 Ga-DOTATOC, Indium 
labeled octreotide).

The cytological and histological evaluation noted that 9 
individuals (64%) had WHO grade 2 disease (Ki 67 prolif-
eration index ranging from 3.5% to 20%). Three individu-
als (21%) had WHO grade 1 disease (Ki 67 index <1% to 
1.3%) and 1 individual had WHO grade 3 disease (Ki 67 
index, 80%){Rindi, 2022 #14830;, #14897}. All the tumors 
were well-differentiated neuroendocrine tumors including the 
WHO grade 3 tumor. Samples were sent for germline testing 
to Invitae; Ambry Genetics; Aliso Viejo, Athena Diagnostics, 
Worcester, MA; and genetics lab at University of California 
(UC500—coding regions of 529 cancer genes and select 
introns of 47 genes). None of the subjects reported in this case 
series had phenotype features of MEN1 syndrome. Germline 
testing was available in 10 of the 14 cases. None of these cases 
had mutations in the MEN1 gene.

Table 1 summarizes the treatments used to control the 
disease in these patients. Treatments included surgery; other  
liver-directed therapies; somatostatin analogs; targeted agents; 
systemic chemotherapy, external radiation (stereotactic body 
radiation therapy), and peptide receptor radionuclide therapy. 
Liver-directed therapies (LDT) include transarterial emboliza-
tion (TAE); transarterial chemotherapy (TACE), microwave 
ablation, and selective internal radiotherapy (SIRT). The 
main oral targeted agent employed was the mTOR inhibi-
tor, everolimus. Two patients were treated with the tyrosine 
kinase inhibitor, sunitinib. Immunotherapies are not typically 
considered effective in neuroendocrine tumors but were used 
in 4 patients in the setting of clinical trials. Another patient 
(number 14) was given pembrolizumab outside a clinical trial 
because he had a high tumor mutation burden (> 10).

Nine of 14 subjects underwent surgeries at some point 
during the course of the disease. Surgeries included partial 
pancreatectomy to remove the primary tumor; partial hepa-
tectomy; and enucleation of hepatic lesions. Thirteen of 14 
subjects received long-term somatostatin analog therapy. 
The one subject not given somatostatin analog therapy had 
a negative DOTATATE PET MR scan. Liver-directed therapy 
(TAE, TACE, SIRT) was performed on 11 of 14 subjects. Five 
of the subjects had more than one such treatment to control 
the disease. When octreotide, surgery, and liver-directed inter-
ventions were not sufficient to control growth or symptoms, 
the next treatment most often introduced was everolimus (5 
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of 14 patients). Sunitinib was given to 2 patients but discon-
tinued because of side effects (bleeding and neutropenia). 
PRRT was performed in 8 subjects. Four of the subjects 
who underwent PRRT died at a median interval of 4.9 years 
and 4 individuals are still alive after 1.2, 1.9, 7.3, and 12.3 
years. The median survival in 3 individuals who died and 
did not receive PRRT was 6.3 years. Stereotactic body radia-
tion therapy was performed on 5 subjects. Capecitabine and 
temozolomide are one of the suggested treatment regimens 
for progressive well-differentiated neuroendocrine tumors17 
Seven of the subjects were treated with these agents—5 were 
given these agents when other treatments failed. Four patients 
were treated with carboplatin and etoposide. One patient was 
treated with cabozantinib without benefit.

Hypoglycemia was easily managed in most patients with 
treatment. Surgery and TACE and/or somatostatin analogs 
(SSA, octreotide, or lanreotide) therapy were effective in 6 of 
the subjects in eliminating or managing hypoglycemia. Figure 
1 illustrates the impact of lanreotide therapy on glucose levels 
in subject 2 (Table 1). In 1 subject, hypoglycemia resolved 
after PRRT therapy. In 2 subjects, PRRT followed by soma-
tostatin analog therapy controlled the hypoglycemia. In our 
cohort, we only had limited use of diazoxide [4 subjects]. Two 
subjects stated that diazoxide was ineffective but it is unclear 
if they took the drug consistently. In 1 subject, diazoxide was 
insufficient to control hypoglycemia and the problem was 
resolved only after octreotide was added. This subject then 
underwent TACE with a resolution of hypoglycemia and dis-
continued the diazoxide treatment. The fourth subject had a 
resolution of hypoglycemia with diazoxide use.

In summary, 97 treatments were utilized across 14 patients. 
The most popular types of treatments were liver-directed 
therapy used 17 times in 11 patients (79%), SSA used 17 
times in 13 patients (93%), surgery used 13 times in 9 (69%) 
patients, and systemic chemotherapy used 13 times in 10 

patients (71%). The sequences of the 9 treatment types uti-
lized by each patient are presented in Figure 2. Every patient 
had a sequence of at least 3 treatments, and 2 patients had a 
sequence of 11 treatments.

Seven subjects died during follow up—the median life expec-
tancy was 8.2 years (time of death ranged from 2.5 to 10.4 
years). Table 1; Figure 3. There is a wide confidence interval 
because of the small sample size. The 95% lower bound confi-
dence interval is 4.7 years. The upper bound is not calculable 
because of insufficient data but would be >12 years (Figure 
3). Seven subjects are alive— 1 individual has survived for 
12.2 years after diagnosis. Six of the 7 subjects died because 
of the progression of their malignancy. One patient died from 
cirrhosis of the liver due to nonalcoholic fatty liver disease 
and not from progressive pancreatic neuroendocrine disease. 
Two of the individuals who are alive have WHO grade 1 dis-
ease and 4 have WHO grade 2 disease. The individual with 
WHO grade 3 disease is alive 1.1 years after diagnosis. The 
individual who is alive 10 years (subject 2, Table 1) after the 
initial diagnosis of insulinoma had WHO grade 2 disease and 
presented with recurrent hypoglycemia and liver metastases 9 
years after the original surgery for insulinoma.

Discussion
There are limited case series on the treatment and outcomes 
of patients with metastatic insulinoma.6,7,18-20 Some of the 
series had only limited duration follow-up.18 Another case 
series combined all cases of malignant insulinoma–metastatic 
as well as those with locoregional extension.20-22 The indi-
viduals with locoregional disease alone, however, have pro-
longed survival and do not behave like the insulinoma cases 
that are metastatic to the liver and elsewhere. We specifically 
evaluated patients with metastatic insulinoma and reviewed 
outcomes with multimodal treatment.

Figure 1. Continuous glucose monitoring (DexCom G6) for 2 weeks before (panel A) and after (panel B) lanreotide therapy in subject 2. The average 
glucose for the 2 weeks before lanreotide therapy was 7.2 + 4.7 mmol/L(SD); 7 % of the glucose levels were <3 mmol/L and 14 % of the glucose levels 
were in the 3-3.8 mmol/L range. In the 2 weeks following injection of lanreotide, the average glucose was 7.7 + 1.5 mmol/L (SD); and there were no 
glucose levels below 3 mmol/L mg/dL and only 1 % were in the 3-3.8 mmol/L range.
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We observe that in this series, synchronous metastases were 
more common than metachronous metastases. Ten of 14 had 
metastases at the time of diagnosis of pancreatic neuroendo-
crine tumor. The 4 subjects who did not have known metastases 
at the time of diagnosis, were observed to have liver metasta-
ses 2.5-9 years after the initial presentation. This is similar to 
what has been reported previously that metachronous metas-
tases can appear a number of years after the original insuli-
noma diagnosis.4,18 Our data reporting that the liver is usually 
the first site for metastatic insulinoma is also consistent with 
the literature reports of relative liver tropism for all pancreatic 
neuroendocrine tumors.23 With progression, osseous metasta-
ses occurred and some patients also developed lung metastases.

We had histopathological evaluation on 13 individuals. 
Nine of them had WHO grade 2 disease (Ki-67 3.5%-17.3%] 
and 3 of them had WHO grade 1 disease [Ki-67 1.3%]. This 
finding is consistent with the literature that higher-grade 
tumors are associated with metastatic disease. We, however, 
note in our clinical case series, that grade 1 disease can still 
present with metastases and it should not be assumed that if a 

patient has grade 1 disease the course will be benign. Patients 
with grade 1 disease, therefore, should be monitored for 
many years. As reported in this series as well as in previously 
published series,4,24 MEN1 syndrome does not appear to be 
a common genetic reason for metastases to the liver. None of 
the subjects reported in this case series had phenotype fea-
tures of MEN1 syndrome. Germline testing was available in 
10 subjects and they did not have mutations in the MEN 1 
gene. In a study of 55 patients with MEN1 patients with insu-
linoma, only 1 had liver metastasis at the time of diagnosis, 
and 4 developed liver metastases at followup24,25

We report that with multimodal intervention, the median 
survival of these patients was 8.2 years. Previous case series 
reported median survival of metastatic insulinoma patients to 
be in the region of 2 years.26 In an analysis of the SEER US 
national database (1973-2013), the observed survival of all 
pancreatic neuroendocrine tumors was 4.1 years, and func-
tional tumors (not necessarily metastatic) were 7.3 years.27 
The likely reason for better outcomes for functional tumors in 
the SEER analyses was that the subjects were diagnosed ear-
lier and underwent surgery before the disease metastasized. In 
the SEER cohort, metastatic high-grade tumors not amenable 
to surgery had a life expectancy of only 2-4 years if diagnosed 
at age 50 and 1-2 years if diagnosed at age 70.27

Seven of our patients underwent PRRT therapy. Since the 
subjects also had other treatments, it is not possible to deter-
mine if this form of therapy was specifically beneficial. Of 
the 7 patients who died, 3 received PRRT and 3 did not. The 
median survival was 4.9 years and 6.3 years, respectively. 
We note that the NETTER-1 trial—the largest study utiliz-
ing PRRT for midgut neuroendocrine tumors reported longer 
progression-free survival with PRRT.28 The study, however, 
did not include pancreatic neuroendocrine tumors. On a  
follow-up report from the NETTER 1 study, PRRT did 
increase median overall survival by approximately 1 year 
compared to high-dose octreotide therapy29 but the difference 
was not statistically significant. The primary analysis of the 

Figure 3. Survival time for all 14 individuals diagnosed with metastatic 
insulinoma since 2006.

Figure 2. Sankey diagrams illustrating treatment sequence from first line to ninth line therapies.
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NETTER-2 trial regarding the impact of PRRT on grade 2 
and grade 3 gastropancreatic neuroendocrine tumors (54% 
were pancreatic) has reported prolongation of progression- 
free survival by about 14 months.30 In a retrospective anal-
ysis of 133 Dutch patients with pancreatic neuroendocrine 
tumors (functional and nonfunctional), PRRT resulted in 
progressive free survival of 30 months and overall survival 
of 71 months.31 Hepatectomy and orthotopic liver transplan-
tation can be considered for patients with hepatic metastases 
without systemic dissemination and can be curative.21,32 None 
of the patients in our series were candidates for this form of 
treatment.

It has been reported that chromosomal instability is the best 
predictor of aggressive behavior of insulinomas. Mutations 
in the genes ATRX and DAXX; and immunohistochemical 
expression of Arx1, alpha 1 antitrypsin, and loss of expres-
sion of insulin, PDX1, and GLP!-receptor agonists also pre-
dict aggressive behavior.24,33 We do not have molecular or 
immunochemistry testing for this retrospective cohort and 
cannot therefore report if outcomes would have varied based 
on molecular profiling.

Hypoglycemia is a defining characteristic of insulinoma but 
the problem was manageable in the patients in our clinical 
series. Surgical resection of the primary tumor and debulk-
ing of the liver metastases mostly ameliorated the problem. 
If hypoglycemia was still present after these interventions, 
then the addition of a somatostatin analog (octreotide or 
lanreotide) was usually effective. In one of our patients, 
PRRT resolved the hypoglycemia. There are now a number 
of reports in the literature that PRRT can effectively control 
hypoglycemia.19,34-36 An additional option is the use of ever-
olimus, an mTOR inhibitor, that is not only cytostatic but 
also inhibits insulin secretion37,38 and can be effective in con-
trolling hypoglycemia.39,40 In our experience, diazoxide seems 
to be of limited benefit in these patients with metastatic dis-
ease although it was not systematically evaluated.

A major limitation of this study is that the treatment decisions 
were individualized so it is not possible to assess the efficacy of 
specific treatments. It is also not possible to determine the opti-
mal sequence of specific treatments for the greatest benefit.

In summary, modern multimodal treatment of metastatic 
insulinoma ameliorates the symptoms of hypoglycemia and 
is associated with encouraging overall survival compared to 
earlier reports in the literature.
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