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Abstract
Insulin-producing pancreatic tumors are a common subtype of neuroendocrine tumor. Standard of care includes surgical resection of the 
pancreatic tumor and medical management with somatostatin analogs. For patients with metastatic disease, tumor control and hypoglycemic 
symptom relief can be achieved through surgical resection of the tumor, hepatic artery embolization, radiofrequency ablation, or 
radioembolization using radioactive isotopes as well as with systemic therapy such as somatostatin analogs and everolimus. We present the 
case of a 74-year-old male with metastatic insulin-producing pancreatic carcinoma. After a long history of successfully controlling his 
hypoglycemic episodes post-liver wedge resection, bland embolizations subsequently failed to maintain control of the frequency and severity 
of his hypoglycemic symptoms. Stereotactic body radiotherapy (SBRT) with protons was used to achieve symptomatic control and led to 
partial radiographic response with complete resolution of his hypoglycemic episodes. This case demonstrates the potential utility of proton 
SBRT in metastatic insulinomas.
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Introduction
Neuroendocrine tumors (NETs) are a group of heterogenous 
tumors that can arise from any neuroendocrine tissue within 
the body. Of these, insulinomas are the most common type 
of functioning NET, arising from insulin-producing pancreatic 
islet cells. While typically benign, insulinomas can cause a sig-
nificant impact on an individual’s quality of life due to frequent 
hypoglycemic events driven by uncontrolled secretion of insu-
lin. Primary management includes surgical resection of the tu-
mor. For patients who are not surgical candidates or who have 
undetectable primary tumors, medical management using 
somatostatin analogs, including octreotide and lanreotide, 
can be effective at controlling the sequelae of insulin excess 
(1). Inhibitors of the mammalian target of rapamycin 
(mTOR) such as everolimus have been successfully used to 
control the hypoglycemia of insulinoma in addition to provide 
control of tumor growth (2). Ten to 15% of patients develop 
metastatic disease, with regional lymph nodes and the liver 
the most common sites of spread (3, 4). Liver-directed therapy 
targeting these lesions aims to prolong survival and reduce the 
burden of hypoglycemic episodes. For an individual with a lim-
ited number of hepatic lesions, options include surgical resec-
tion, percutaneous ablation, or transarterial therapies that 
include bland embolization, chemoembolization, or radioem-
bolization using radioactive isotopes such as yttrium-90 (5). 
Focal external beam radiotherapy has demonstrated clear 
promise in the control of liver metastasis: stereotactic body 

radiotherapy (SBRT) uses multiple conformal beams to 
achieve precise targeting of high-dose radiation to target tissue 
(6). It has become a treatment mainstay for several cancers in-
cluding lung and prostate. In the liver, SBRT has shown prom-
ise in treating both primary disease (7-9) and metastatic lesions 
from other cancers (8-11). There are several case series demon-
strating that SBRT can be effective at achieving local tumor 
control for NETs (12-16); however, there are limited data 
on the efficacy of SBRT in achieving control of hormone 
hypersecretion.

Here we report a case of an individual with a history of 
metastatic insulinoma with hypoglycemic episodes refrac-
tory to traditional treatment who responded well to proton 
SBRT.

Case Presentation
At original diagnosis, a man in his 50s presented with multiple 
episodes characterized by neurocognitive dysfunction and was 
eventually found to have hyperinsulinemic hypoglycemia ac-
companied by a tumor in the distal pancreas and elevated in-
sulin levels. He underwent a distal pancreatectomy and 
splenectomy with pathology demonstrating a 3.7 cm neuroen-
docrine islet cell tumor in the distal pancreas (positive for 
chromogranin and synaptophysin, negative for progesterone, 
>10 mitoses/10 high-powered field), with focal extension into 
the peripancreatic fat but no lymph node involvement. 
Approximately 3 years after distal pancreatectomy, he 
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developed recurrent hypoglycemic symptoms; hepatic metas-
tases were detected on computed tomography scan and subse-
quently confirmed to be of neuroendocrine origin by fine 
needle aspiration. This led him to undergo subsegmental re-
section and radiofrequency ablation of 5 hepatic lesions. At 
7 years postdiagnosis, there was evidence of symptomatic 
and radiographic progression leading him to receive transar-
terial radioembolization with yttrium-90 to the right hepatic 
artery. This provided symptomatic control for approximate-
ly 3 years. Following this, from 9 to 15 years postdiagnosis, 
his hypoglycemic symptoms were controlled by multiple 
bland embolization procedures to a growing right hepatic 
lobe lesion that was continuing to cause hypoglycemic epi-
sodes. Each of these provided excellent tumor and symptom 
control. At 15 years postdiagnosis, these procedures started 
to have diminishing benefits for his hypoglycemic episodes 
and long-acting repeatable octreotide was started. In com-
bination with the octreotide, he continued receiving bland 
embolization procedures for extra control of his hypogly-
cemic episodes as needed. An attempt was made to increase 
symptom control using everolimus at 18 years postdiagnosis; 
however, this was halted secondary to an episode of angioe-
dema and pulmonary edema. At the time of presentation to 
the radiation oncology clinic (18 years postdiagnosis), his 

most recent embolization failed to reduce the frequency or 
severity of his hypoglycemic episodes, necessitating discus-
sion of alternative therapeutic modalities to address these 
symptoms.

At this time, he was having multiple hypoglycemic episodes 
per day, requiring him to wear a blood glucose monitor, and 
he was unable to drive. These episodes also led to frequent 
consumption of high glycemic index foods to suppress and 
prevent these symptoms, causing the patient to gain weight. 
There were no outside records of the patient’s serum chro-
mogranin A levels at baseline. At one point after multiple lines 
of therapy 10 years after initial diagnosis, it was measured and 
was not elevated at 75 ng/mL (3600 nmol/L) (normal refer-
ence range of <95 ng/mL;  < 4560 nmol/L), so this was not 
followed over the course of subsequent therapies.

Diagnostic Assessment
Positron emission tomography/computed tomography and 
magnetic resonance imaging (MRI) revealed 2 lesions of con-
cern in the right lobe and a smaller 1 on the dome of the liver 
(Fig. 1). The right lobe lesion had been the target of the most 
recent bland embolization but still showed evidence of 
disease.

Figure 1. Imaging at time of consultation. (A) Ga-68 DOTATATE positron emission tomography. (B) Magnetic resonance imaging liver.
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Treatment
Proton SBRT consisting of 50 Gy in 5 fractions delivered every 
other day was recommended (Fig. 2). The pateint experienced 
no acute toxicities other than fatigue, which was managed with 
rest. During the course of treatment, he continued to have mul-
tiple hypoglycemic episodes per day, which were managed 
with dietary intake and constant blood glucose monitoring.

Outcome and Follow-up
After completing his prescribed SBRT course, the patient’s hypo-
glycemic episodes continued for about 1 week. After this, his 
hypoglycemic episodes became less frequent and less severe, 
eventually completely resolving within 3 to 4 months 
post-SBRT. Based on this, the decision was made to discontinue 
his long-acting repeatable octreotide, and this did not lead to re-
currence of symptoms. Follow-up imaging at 4 months 
post-SBRT revealed a slight increase in the anterior right hepatic 
dome lesion and an increase in the perihepatic nodularity 
(Fig. 3A). At his 9-month month follow-up, somatostatin recep-
tor 2 (Ga-68 DOTATATE) positron emission tomography/MRI 
imaging revealed a partial radiographic response (Fig. 3B). At 15 
months post-SBRT, MRI of the abdomen/liver demonstrated 

that both lesions remained stable with no new sites of disease. 
The patient denied any hypoglycemic episodes in the intervening 
time, and the decision was made to continue observation without 
resuming any systemic therapy.

Discussion
Here we describe a patient who presented with poorly con-
trolled hypoglycemia in the context of a metastatic insulino-
ma. At presentation, bland embolizations and systemic 
therapy had ceased to provide symptomatic relief or were 
not tolerated, necessitating an alternative treatment 
approach.

For patients with metastatic insulinomas, therapy is di-
rected at reducing the frequency and burden of symptomatic 
episodes. Several medical therapies exist for this, as high-
lighted by our case. First, somatostatin analogs such as octreo-
tide and lanreotide have strong affinity for the somatostatin 
receptor 2 and can provide effective symptom and tumor con-
trol for patients. However, a significant number of patients do 
not respond to these therapies, with current estimates around 
40% of all NETs (17, 18). These nonresponders tend to be en-
riched for insulin- and gastrin-secreting NETs. Additionally, a 

Figure 3. Follow-up imaging at 4, 9, and 15 months post-stereotactic body radiotherapy.

Figure 2. Proton stereotactic body radiotherapy plan.
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number of advanced therapies are being developed for pa-
tients with metastatic insulinomas including several receptor 
tyrosine kinase and mTOR inhibitors (1). While these ad-
vanced therapies hold potential promise for many patients, 
they carry risks associated with their use. Some of the most sig-
nificant side effects of everolimus include stomatitis, pneu-
monitis, thrombocytopenia, diarrhea, and anemia (1). Our 
patient developed an angioedema-like response after initiating 
everolimus, which prevented their continued use. While un-
common, it is recognized that individuals taking mTOR inhib-
itors are at increased risk of developing angioedema when 
combined with an angiotensin-converting enzyme inhibitor. 
Current estimates place the incidence of angioedema around 
5% to 6% in patients receiving both drugs compared to 1% 
to 2% of individuals taking either drug alone (19, 20). Of 
note, our patient was taking an angiotensin-converting en-
zyme inhibitor (enalaparil). For sunitinib, significant side ef-
fects include neutropenia, diarrhea, hypertension, and 
thrombocytopenia (1). Our patient had a history of hyperten-
sion and stage 2 chronic kidney disease, disfavoring the use of 
sunitinib.

Based on the patient’s increasing symptoms, both SBRT and 
peptide receptor radionuclide therapy were discussed as po-
tential management options at the time of consult with radi-
ation oncology. Given imaging studies demonstrated that his 
disease was localized to only 2 foci that could be treated 
with ablative radiotherapy doses, and his excellent long-term 
responses to prior focal therapies, SBRT was favored as the 
initial approach in this case—reserving peptide receptor radio-
nuclide therapy for if he were to progress with more foci of 
disease or if SBRT were to fail to control his disease. 
Conventional approaches for delivering radiation using exter-
nal beams have demonstrated utility in controlling and elimin-
ating pancreatic NETs (21-24). In several clinical studies, 
SBRT has been demonstrated to be effective for the treatment 
of metastatic lesions in the liver with no reported cases of 
radiation-induced liver disease following completion of 
SBRT (8-11). However, the data on metastatic pancreatic 
NETs are much less defined (12, 24-26).

Overall, our case lines up well with the reported literature. 
The treatment course was delivered as planned consisting of 
50 Gy in 5 fractions, which is well below the limits established 
by previous dose-escalation trials for metastatic hepatic 
masse. There are 2 reported cases where SBRT was specifically 
used to treat metastatic insulinomas. The first was an individ-
ual treated with stereotactic radiosurgery (CyberKnife, 25 Gy 
in 1 fraction) (25), and the second was an individual treated 
with SBRT (45 Gy in 5 fractions) (12). There was also one 
case where an individual was treated with SBRT (30 Gy in 3 
fractions) to 2 pancreatic insulin-secreting NETs (12). In add-
ition to showing radiographic evidence of tumor response, 
each of these individuals had sustained increases in their blood 
glucose levels allowing them to maintain glycemic control off 
medical therapy. This aligns with our experience here where 
our patient has continued to maintain proper glycemic control 
with no hypoglycemic episodes reported in the absence of sys-
temic therapy. These data highlight the potential utility for 
SBRT in both local and symptomatic control of insulin- 
secreting NETs. Based on these clinical observations, it will 
be of interest to determine whether symptom control is purely 
a function of the antitumor activity of SBRT or whether there 
are specific radiobiological effects on pancreatic NETs that 
decrease their insulin secretion.

There are limited other instances where radiation has 
shown promise in decreasing symptoms from hormonal over-
production in addition to providing local control of the tu-
mor. One such example is the treatment of secretory 
pituitary adenomas (27, 28). Like insulinomas, these typically 
benign tumors can cause symptoms secondary to the secretion 
of pituitary hormones such as ACTH, GH, or prolactin. 
Available data suggest that radiation is effective at both pro-
viding local control of these tumors and reducing hormonal 
production. Of note, there is some evidence that stereotactic 
radiosurgery induces a more rapid normalization in hormone 
levels compared to fractionated radiotherapy (29). However, 
this data is mostly in individuals with GH-secreting aden-
omas. Across all types, radiotherapy appears to be most effect-
ive at reducing hormonal production from ACTH-secreting 
and GH-secreting adenomas, whereas prolactin-secreting ad-
enomas do not tend to show robust responses in hormone se-
cretion (27). The clinical benefit from decreased hormone 
production is typically seen after 1 to 2 months. This lines 
up well with our patient where hypoglycemic symptom im-
provement was seen after 1 month and octreotide independ-
ence was achieved 4 months after SBRT and with other 
reported insulinoma cases where blood glucose normalization 
occurred 1 to 2 months after radiotherapy (12, 25).

In conclusion, we present the case of an individual with 
a metastatic insulinoma who responded well to SBRT, 
achieving independence from somatostatin analogs with 
complete abrogation of his hypoglycemic episodes. This 
case supports future investigation of SBRT as a tool for 
achieving disease and symptom control for patients with 
metastatic insulinomas.

Learning Points
• SBRT can be an effective tool for decreasing hypoglycemic 

symptoms in patients with oligometastatic insulinomas.
• Improvement in symptomatic hypoglycemic episodes 

occurred within 1 week, with full resolution by 3 to 4 
months post-SBRT.

• At 20 months post-SBRT, the patient continued to be free 
from hypoglycemic episodes, and the treated lesions re-
mained radiographically stable.

Acknowledgments
The authors would like to thank the patient and all members 
of their care team.

Contributors
All authors made individual contributions to authorship. J.K., 
D.E., and C.C. wrote and edited the initial draft. C.C. and 
T.H. were involved in the diagnosis, management, and treat-
ment of this patient. J.K., D.E., K.J., K.M., T.H., and C.C. 
were involved in the editing, literature review, and discus-
sion/introduction section of the final draft. All authors re-
viewed and approved the final draft.

Funding
No public or commercial funding directly funded this work. 
J.K. was supported by the National Institutes of Health 
(T32GM145408).

4                                                                                                                                                            JCEM Case Reports, 2024, Vol. 2, No. 10



Disclosures
T.R.H. receives research support from Thermo Fisher 
Scientific, Advanced Accelerator Applications (a Novartis 
company), Camurus, Crinetics, ITM Isotopen Technologien 
Muenchen, and Perspective Therapeutics. Additionally, 
T.R.H. has served in a consultancy/advisory board capacity 
with Exelixis, TerSera, Curium, Ipsen, Novartis, ITM 
Isotopen Technologien Muenchen, Crinetics, Perspective 
Therapeutics, Camurus, and Abdera Therapeutics. All other 
authors have no disclosures to report.

Informed Patient Consent for Publication
Signed informed consent could not be obtained from the pa-
tient or a proxy but has been approved by the treating 
institution.

Data Availability Statement
Original data generated and analyzed during this study are in-
cluded in the published article.

References
1. Hofland J, Refardt JC, Feelders RA, Christ E, de Herder WW. 

Approach to the patient: insulinoma. J Clin Endocrinol Metab. 
2024;109(4):1109-1118.

2. Kulke MH, Bergsland EK, Yao JC. Glycemic control in patients 
with insulinoma treated with everolimus. N Engl J Med. 
2009;360(2):195-197.

3. Placzkowski KA, Vella A, Thompson GB, et al. Secular trends in the 
presentation and management of functioning insulinoma at the 
mayo clinic, 1987-2007. J Clin Endocrinol Metab. 2009;94(4): 
1069-1073.

4. Câmara-de-Souza AB, Toyoshima MTK, Giannella ML, et al. 
Insulinoma: a retrospective study analyzing the differences between 
benign and malignant tumors. Pancreatology. 2018;18(3): 
298-303.

5. Chandra P, Yarandi SS, Khazai N, Jacobs S, Umpierrez GE. 
Management of intractable hypoglycemia with Yttirum-90 radio-
embolization in a patient with malignant insulinoma. Am J Med 
Sci. 2010;340(5):414-417.

6. Gibbs IC, Filion EJ, Koong A. 75—stereotactic Body radiation ther-
apy. In: Hoppe RT, Phillips TL, Roach M, eds. Leibel and Phillips 
Textbook of Radiation Oncology. 3rd ed. W.B. Saunders; 
2010:1594-1600.

7. Matsuo Y. Stereotactic body radiotherapy for hepatocellular car-
cinoma: a brief overview. Curr Oncol. 2023;30(2):2493-2500.

8. Blomgren H, Lax I, Näslund I, Svanström R. Stereotactic high dose 
fraction radiation therapy of extracranial tumors using an acceler-
ator: clinical experience of the first thirty-one patients. Acta 
Oncologica. 1995;34(6):861-870. doi: 10.3109/028418695091 
27197

9. Goodman KA, Wiegner EA, Maturen KE, et al. Dose-escalation 
study of single-fraction stereotactic body radiotherapy for liver ma-
lignancies. Int J Radiat Oncol Biol Phys. 2010;78(2):486-493.

10. Mahadevan A, Blanck O, Lanciano R, et al. Stereotactic Body 
Radiotherapy (SBRT) for liver metastasis—clinical outcomes 
from the international multi-institutional RSSearch® Patient 
Registry. Radiat Oncol. 2018;13(1):26.

11. Lee MT, Kim JJ, Dinniwell R, et al. Phase I study of individualized 
stereotactic body radiotherapy of liver metastases. J Clin Oncol. 
2009;27(10):1585-1591.

12. Myrehaug S, Hallet J, Chu W, et al. Proof of concept for stereotactic 
body radiation therapy in the treatment of functional neuroendo-
crine neoplasms. J Radiosurg SBRT. 2020;6:321-324.

13. Dowler Nygaard A, Aggerholm Pedersen N, Dam GA, Knap MM, 
Tabaksblat EM. Local disease control after stereotactic body radio-
therapy in patients with neuroendocrine neoplasms: a cohort study. 
Acta Oncol. 2023;62(6):621-626.

14. Chen KS, Lawhn-Heath C, Behr S, et al. Outcomes after high-dose 
radiation in the management of neuroendocrine neoplasms. PLoS 
One. 2021;16(6):e0252574.

15. Hudson JM, Chung HT-K, Chu W, et al. Stereotactic ablative 
radiotherapy for the management of liver metastases from neuroen-
docrine neoplasms: a preliminary study. Neuroendocrinology. 
2021;112(2):153-160.

16. O’Reilly E, Lao L, Woodhouse B, Sharples K, Print C, Lawrence B. 
Palliative radiotherapy is effective for both well- and poorly differ-
entiated neuroendocrine neoplasms. J Med Imaging Radiat Oncol. 
2024;68(1):94-102.

17. Ricci S, Antonuzzo A, Galli L, et al. Long-acting depot lanreotide in 
the treatment of patients with advanced neuroendocrine tumors. 
Am J Clin Oncol. 2000;23(4):412.

18. Aparicio T, Ducreux M, Baudin E, et al. Antitumour activity of 
somatostatin analogues in progressive metastatic neuroendocrine 
tumours. Eur J Cancer. 2001;37(8):1014-1019.

19. Fuchs U, Zittermann A, Berthold HK, et al. Immunosuppressive 
therapy with everolimus can be associated with potentially life- 
threatening lingual angioedema. Transplantation. 2005;79(8):981.

20. Duerr M, Glander P, Diekmann F, Dragun D, Neumayer H-H, 
Budde K. Increased incidence of angioedema with ACE inhibitors 
in combination with mTOR inhibitors in kidney transplant recipi-
ents. Clin J Am Soc Nephrol. 2010;5(4):703-708.

21. Torrisi JR, Treat J, Zeman R, Dritschilo A. Radiotherapy in the 
management of pancreatic islet cell tumors. Cancer. 1987;60(6): 
1226-1231.

22. Tennvall J, Ljungberg O, Ahrén B, Gustavsson A, Nillson LO. 
Radiotherapy for unresectable endocrine pancreatic carcinomas. 
Eur J Surg Oncol. 1992;18(1):73-76.

23. Contessa JN, Griffith KA, Wolff E, et al. Radiotherapy for pancre-
atic neuroendocrine tumors. Int J Radiat Oncol Biol Phys. 
2009;75(4):1196-1200.

24. Bignardi M, Huscher A, Centurioni M, et al. EP-1270: SBRT for liv-
er metastases from low grade neuroendocrine tumors. Radiother 
Oncol. 2016;119:S598-S599.

25. Huscher CGS, Mingoli A, Sgarzini G, Mereu A, Gasperi M. 
Image-guided robotic radiosurgery (CyberKnife) for pancreatic in-
sulinoma: is laparoscopy becoming old? Surg Innov. 2012;19(1): 
NP14-NP17.

26. Ahmed KA, Caudell JJ, El-Haddad G, et al. Radiosensitivity differ-
ences between liver metastases based on primary histology suggest 
implications for clinical outcomes after stereotactic body radiation 
therapy. Int J Radiat Oncol Biol Phys. 2016;95(5):1399-1404.

27. Sheehan JP, Pouratian N, Steiner L, Laws ER, Vance ML. Gamma 
Knife surgery for pituitary adenomas: factors related to radiological 
and endocrine outcomes. J Neurosurg. 2011;114(2):303-309.

28. Mitsumori M, Shrieve DC, Alexander E, et al. Initial clinical results 
of linac-based stereotactic radiosurgery and stereotactic radiother-
apy for pituitary adenomas. Int J Radiat Oncol Biol Phys. 1998; 
42(3):573-580.

29. Landolt AM, Haller D, Lomax N, et al. Stereotactic radiosurgery 
for recurrent surgically treated acromegaly: comparison with frac-
tionated radiotherapy. J Neurosurg. 1998;88(6):1002-1008.

JCEM Case Reports, 2024, Vol. 2, No. 10                                                                                                                                                           5

https://doi.org/10.3109/02841869509127197
https://doi.org/10.3109/02841869509127197

	Proton Stereotactic Body Radiotherapy for Liver Metastases From Malignant Pancreatic Insulinoma
	Introduction
	Case Presentation
	Diagnostic Assessment
	Treatment
	Outcome and Follow-up
	Discussion
	Learning Points
	Acknowledgments
	Contributors
	Funding
	Disclosures
	Informed Patient Consent for Publication
	References


