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Intractable hypoglycaemia in a patient with advanced carcinoid
syndrome successfully treated with hepatic embolization

Angelos Kyriacou, Was Mansoor,? Jeremy Lawrance,? Peter J. Trainer!

1Department of Endocrinology; 2Department of Medical Oncology; Department of Radiology, The Christie NHS Foundation
Trust, Manchester Academic Health Science Centre; Manchester; UK

ABSTRACT

A male patient presented at the age of 54 years with metastatic pancreatic neuroendocrine
tumour (NET). He was managed with interferon and multiple courses of MIBG therapy which
controlled his disease for about seven years. He then developed symptomatic hypoglycaemia
which resolved with the introduction of somatostatin analogue treatment and further therapeu-
tic MIBG. However, three years later he was admitted to hospital with severe and intractable
hypoglycaemia, which persisted despite treatment with dietary manipulation, diazoxide, long-
acting octreotide injections, intravenous infusion of dextrose and octreotide and everolimus.
Bland hepatic embolization was attempted as a last resort and resulted in prompt and dramatic
improvement of his condition with no hypoglycaemia for five months. We recommend that
hepatic embolization should be considered in patients with advanced and metastatic NETs
accompanied by refractory hypoglycaemia, with the aim of symptomatic relief and palliation,

and possibly some survival benefit.
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INTRODUCTION

Pancreatic neuroendocrine tumours (pNETs) are
rare, with an annual incidence estimated at 2-4 per
1,000,000 population, although given their indolent
nature this figure could be an underestimate.! Surgery
is considered as first line treatment for pNETs, but it
is often not possible at presentation due to extensive
and metastatic disease; for patients who cannot have
surgery, the therapeutic options include somatostatin
analogues (SA), targeted therapies (e.g. sunitinib
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and everolimus), chemotherapy and liver-directed
therapies.! pNETs are divided into functional and
non-functional (tumours that are hormonally-secreting
or not, respectively).

Hypoglycaemia in the context of metastatic pNETs
is due to either functional transformation of the tumour?
or, alternatively, to depletion of hepatic glycogen stores
with extensive hepatic metastases. The usual treat-
ment algorithm for hypoglycaemia in such instances
includes the use of dietary manipulation, diazoxide
and SA. Dietary manipulation involves the intake of
small, but multiple, meals with a low glycaemic index.
Diazoxide inhibits insulin release; however, its use is
limited by frequent adverse effects, especially fluid
retention and hirsutism. Octreatide, a synthetic SA,
has affinity for sst2 and sst5 receptors and can improve
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fasting blood glucose and insulin in both benign and
malignant insulinomas for up to three years.’ Moreo-
ver, the PROMID Study Group has demonstrated in a
double-blinded, prospective, randomized-controlled
trial that octreotide LAR significantly delays time to
tumour progression in patients with metastatic midgut
NETs, regardless of functionality-status.* The most
favourable outcomes were observed in those patients
with low hepatic tumour load and with resection of
the primary tumour.*

Despite the above “conventional” measures in
nonoperable NETs, some patients do not respond,
some cannot tolerate the aforementioned therapies
due to side effects and others experience relapsing
hypoglycaemia, after a period of symptom control.
In such cases options include radiolabelled somato-
statin analogues, such as Lutetium-177 (with/without
capecitabine), mTOR receptor inhibitors, such as
everolimus, or chemotherapy, such as streptozotocin-
SFU or capecitabine-temozolamide.’

We therefore present our experience in treating a
patient with refractory hypoglycaemia due to a meta-
static pancreatic carcinoid neuroendocrine tumour
(NET); his condition became unresponsive to any
of the ‘conventional” hyperglycaemic therapies and,
indeed, everolimus; instead, he showed a remarkable
response to hepatic embolization.

SUBJECTS AND METHODS

Clinical case

A 54-year old man presented in 2002 with abdomi-
nal pain, but no symptoms suggestive of carcinoid
syndrome or hypoglycaemia. A computed tomography
(CT) scan showed a pancreatic mass with retroperi-
toneal and mediastinal lymph nodes and the presence
of multiple liver and bone metastases. His urinary 5
hydroxy-indoleacetic acid (SHIAA) level was raised.
A CT guided biopsy of the retroperitoneal mass re-
vealed a well-differentiated NET of the pancreas
(MIB-1 score <2%)).

Given the burden and spread of disease, surgery
was deemed inappropriate. Instead, the patient was
commenced on interferon-2a therapy. A meta-iodo-
benzylguanidine (MIBG) scan done in 2004 showed
increased uptake in the lower abdomen as well as in the

known metastatic deposits. Interferon-2a therapy was
discontinued and between March 2005 and October
2009 he received four fractions of iodine-131 MIBG.
Abdominal and bone pain plus occasional flushing
were well controlled, albeit requiring continued sup-
portive therapy with opioids and zolendronic acid.
Radiologically, there was a trend towards progression
of liver disease.

In September 2009, he developed symptomatic
hypoglycaemia, associated with episodes of loss of
consciousness, which was confirmed biochemically.
In March 2010, he commenced octreotide LAR 20
mg every four weeks and received a fifth fraction of
Iodine-131 MIBG therapy, which resulted in resolu-
tion of his hypoglycaemic episodes. Octreotide LAR
controlled his hypoglycaemic symptoms until Febru-
ary 2013. At this point, hypoglycaemic symptoms
were paralleled by tumour progression and a general
deterioration in his condition. Diazoxide (150 mg
daily) was added to octreotide but he continued to
have increasingly frequent hypoglycaemic episodes
culminating in a severe, intractable hypoglycaemic
attack, necessitating hospital admission. Despite con-
tinuous intravenous infusions (IVI) of 10% dextrose
and octreotide (300 pg/24hrs) he had persistent hypo-
glycaemia. The addition of everolimus (10 mg once
daily) was of no benefit.

In view of the large volume of hepatic disease
(Figure 1), bland left hepatic artery embolization
(Figure 2) with 1.5 mls of Spherical Polyvinyl Al-
cohol (Embozene® Color-Advanced Microspheres,
CeloNova BioSciences, Inc., San Antonio, USA),
containing 400 microns, was given and resulted in a
dramatic reduction in the frequency and severity of
hypoglycaemia within 24 hours.

His octreotide and glucose IVI were discontinued
within 72 hours. The patient was discharged home on
octreotide LAR 30 mg and everolimus 10 mg; the lat-
ter was continued for its potential anti-tumour action.
He remained asymptomatic with no hypoglycaemic
episodes for five months before hypoglycaemia re-
curred and he died two weeks later.

DISCUSSION

Our case demonstrates that with disease progres-
sion in metastatic pNETs it is often not possible to
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Figure 1. Coronal CT scan of the abdomen performed pre-em-
bolization showing extensive hepatic metastases, some of which
are necrotic. A left paraspinal mass is also present on this image.
The left hepatic lobe was embolized in preference, given that
it contained more tumour bulk and the metastatic lesions were
solid rather than cystic and, therefore, more likely hormonally
active.
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Figure 2. Hepatic artery embolization. Left hepatic arterial an-
giogram captured during embolization of the left hepatic artery,
showing the left, right hepatic and gastroduodenal arteries. Note
that the catheter needs to be advanced beyond the gastroduode-
nal artery to avoid embolization of the pancreas, stomach and
duodenum.

*signifies the site of injection of the microspheres (a microcatheter
is inserted via a guiding catheter).

achieve symptomatic control with ‘traditional’ treat-
ment modalities. Newer therapies should be consid-
ered, which in the case of symptomatic and refractory
hypoglycaemia include everolimus, radiolabelled
peptides and hepatic embolization.

The cause of the recurrent hypoglycaemia in our
patient is likely to relate to the development of in-
appropriate insulin co-secretion from his NET (as
previously described?) and/or depletion of his hepatic
glycogen stores as the disease evolved, but, unfor-
tunately, insulin and C-peptide were not measured.
Hypoglycaemia due to glucagon-like peptide 1 (GLP-
1) secretion has also been reported in a patient with
a strumal ovarian carcinoid syndrome; co-secretion
of somatostatin by the same tumour meant that the
patient was also suffering with (predominantly fast-
ing) hyperglycaemia.®

As Besser et al have reported, the hyperglycae-
mic “adverse-effect” of everolimus can be utilized
in the management of hypoglycaemia secondary to
NET.” In addition, everolimus has been shown in a
randomized-controlled trial to significantly lengthen
progression-free survival among patients with progres-
sive advanced pNETs whilst being well tolerated.®
Our patient was not fit for surgery and, given the lack
of benefit from everolimus, his frailty (performance
score of 3) and personal preference, chemotherapy
was not appropriate.

Radiolabelled peptides (RP) can be used to treat
recurrent disease refractory to other treatment mo-
dalities. Van Schaik et al’ have described resolution
of hypoglycaemia with '"Lu octreotate and '"'In
octreotide in patients with metastatic insulinomas.
This treatment modality was not offered, in view of
the fact that his lesions did not display any uptake
on somatostatin receptor scintigraphy.

Hepatic artery embolization (HAE) can take several
forms. We used PVA into the left artery as a means of
inducing intra-tumoural ischaemia, alternative forms
being chemoembolization (HACE) and selective
internal radiotherapy (SIRT). Bland embolization
improves symptoms, tumour markers and radiological
appearances.'’ HACE delivers chemotherapy (e.g. with
doxorubicin) attached to the embolic agent. It achieves
about a twenty-fold higher chemotherapy concentration
comparative to systemic chemotherapy with reduced
risk of systemic adverse events.! However, there is a
dearth of evidence that HACE has a survival benefit
compared to bland embolization. Both therapies often
require multiple treatment courses; indeed, we were
hoping to re-treat our patient if his overall general
state improved, but this never materialized.
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Normal hepatic tissue is very radiosensitive, which
precludes conventional external beam radiotherapy, but
SIRT combines embolization with delivery of tumour
localized radiation in the form of microspheres of
glass or resin labelled with *°Y (a pure beta emitter) to
deliver radiation directly into the hepatic artery, via a
percutaneous transcatheter technique.'®!! It may offer
a biochemical and radiological advantage over other
forms of embolization and possibly increases survival,
though it requires more focused delivery and is expen-
sive.!” SIRT was not offered to our patient because by
the time this technology was available, our patient was
very frail, but also for reasons of patient preference
and lack of proven efficacy in the context of NETs.

More recently, a Japanese team have also docu-
mented the utility of hepatic embolization in a 45-year
old woman with newly diagnosed and aggressive
(Ki67 labelling index of 27%) metastatic malig-
nant insulinoma with hypoglycaemia refractory to
dietary manipulation, dextrose IVI and diazoxide.'
Unlike our case, she was not given everolimus nor any
chemotherapy (at any stage pre-embolization) and,
although octreotide was attempted, it was promptly
discontinued because of an allergic reaction.'? Other
notable differences from our case were the two courses
of embolization (one on either hepatic lobe) that were
applied ten days apart;'> we performed half, rather
than whole, liver embolization as the latter carries a
significant risk of liver failure. Similarly to our case,
there was rapid response to hepatic embolization
(within 24 hours), albeit more short-lived (hypogly-
caemia recurred after 1.5 months).!?

This case illustrates the value of hepatic emboliza-
tion in relieving hypoglycaemia, therefore allowing
this patient to live his last five months at home, free
from any hypoglycaemic attacks. Hepatic embolization
is a cost-effective treatment that should be considered
for symptomatic relief in patients with inoperable
hepatic metastases causing refractory hypoglycaemia
or other hormone-related symptoms.
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