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CASE REPORTS

A case report of hepatocellular carcinoma and
concurrent pancreatic neuroendocrine tumor and
renal angiomyolipoma in a patient with tuberous
sclerosis
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ABSTRACT

Tuberous sclerosis complex (TSC) is an inherited, neurocutaneous disorder that presents with the formation of hamartomas
involving multiple organ systems. Most commonly affected sites include the kidney, heart, and brain. Pancreatic and hepatic
lesions are less commonly reported, and there are currently no definitive screening guidelines for abdominal neoplasms in
tuberous sclerosis patients. In this case report, we present a patient with TSC who developed pancreatic neuroendocrine tumor,
renal angiomyolipoma, and hepatocellular carcinoma.
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1. INTRODUCTION
Tuberous sclerosis complex (TSC) is an autosomal dominant,
neurocutaneous disorder that presents with the development
of hamartomas throughout multiple organ systems.[1] Al-
though it is generally associated with benign neoplasms,
patients with TSC are at increased risk for malignancy.[2]

The clinical manifestations of TSC are caused by mutations
in the TSC1 and TSC2 genes. These mutations result in
disinhibition of mTORC1, a protein kinase responsible for
cell growth and proliferation. Activation of mTORC1 leads
to uncontrolled cell growth. In TSC, this commonly presents
as renal angiomyolipomas, rhabdomyomas, and central ner-
vous system (CNS) tumors.[3] Less commonly, TSC patients

develop primary tumors in the pancreas and liver.[4, 5] In this
case report, we present a patient with TSC who developed
renal angiomyolipoma, hepatocellular carcinoma (HCC) and
a pancreatic neuroendocrine tumor.

2. CASE REPORT
A 28-year-old male with a history of tuberous sclerosis and
Lennox-Gastaut syndrome was brought by his family to our
clinic for treatment recommendations for HCC and pancre-
atic neuroendocrine tumor. Three years prior to presenting
to our clinic, he had CT imaging of his abdomen and pelvis
as part of an evaluation for status epilepticus. Imaging re-
vealed multiple lesions in the liver, bilateral kidneys and
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pancreas. The largest liver lesion at that time measured ap-
proximately 22 mm. A 2.4 cm × 3.1 cm enhancing lesion
was seen in the right upper kidney pole and a 5 cm heteroge-
nous enhancing mass was observed in the left kidney. He
later underwent endoscopic ultrasound guided FNA of the
pancreatic tail lesion and one of the hepatic lesions. The pan-
creatic lesion histopathology was consistent with pancreatic
endocrine neoplasm. The liver FNA was felt to be an insuffi-
cient sample. One group of cells had features suggestive of
neuroendocrine tumor, but most of the samples were reactive
hepatocytes. When the sample was reviewed at a second in-
stitution, the sample size was felt to be inadequate; however
there was strong suspicion for a hepatic neoplasm as opposed
to neuroendocrine metastasis. A second liver sample was
obtained, this time a core biopsy. These cells were strongly
positive for HepParl, suggesting the lesion was hepatic in
origin and not metastatic neuroendocrine tumor. Polyclonal
CEA demonstrated a canicular pattern, suggestive of HCC.
The final histopathology result was confirmed to be well
differentiated hepatocellular carcinoma. He also underwent
renal biopsy that was HMB-45 positive and consistent with
angiomyolipoma. He had a repeat CT scan about 5 months
after his initial biopsies that showed stable pancreatic lesions,
one in the uncinate measuring 21 mm ×16 mm and one in
the tail of the pancreas measuring 9 mm × 9 mm. His liver
lesions appeared stable, with the largest lesion in segment V
measure 5.3 cm × 3.5 cm.

Figure 1. CT imaging demonstrating large arterial
enhancing hepatic lesion

Given the patient’s functional status (he is bed bound), the
family felt that conservative management for his well differ-
entiated HCC and neuroendocrine tumor with serial cross
sectional imaging would be more in line with the patient’s
and family’s goals of care. Although he had poor functional
status, his family still wished to pursue imaging as part of
his ongoing care in addition to treatment with everolimus for

renal angiomyolipoma. We continued serial abdominal cross
sectional imaging about every three months. Approximately
8 months following his initial visit, CT imaging showed mul-
tiple new poorly marginated arterial phase enhancing hepatic
lesions. These appeared to be of the same origin, suggestive
of multifocal HCC. Also noted was interval increase in size
of the hepatic lesion in segment V as seen in Figure 1.

We discussed obtaining biopsies of the new lesions. However,
given the patient’s poor functional status and overall indo-
lent nature of well differentiated HCC and neuroendocrine
tumors, the decision was made to continue active surveil-
lance with repeat imaging and to continue treatment with
everolimus for renal angiomyolipoma. On repeat imaging
about 3 months later, the hepatic lesions appeared stable with
some having decreased in size. His pancreatic lesion in the
uncinated process (see Figure 2) and tail as well as renal le-
sions appeared stable, with interval decrease in the left renal
mass.

Figure 2. CT imaging demonstrating 15 mm hyperintense
lesion in the uncinated process

3. DISCUSSION
The case presented above illustrates two neoplasms that are
not commonly associated with tuberous sclerosis complex
appearing concurrently. While pancreatic neuroendocrine
tumors in TSC have been reported in multiple case reports,[4]

hepatocellular carcinoma is far less common and was only
found in one case report per our literature search.[5]

Neoplasms are a common manifestation of TSC. While be-
nign neoplasms are far more common, patients with TSC
are at increased risk for malignant lesions. Common tumors
include cardiac rhabdomyomas, subendyomas, and renal an-
giomyolipomas.[2] Many of these develop in childhood, but
renal angiomyolipomas more commonly present in adults.
In the literature, it is reported that about 70%-90% of adult
TSC patients develop bilateral renal angiomyolipomas.[6]

While not as commonly reported as renal anigomyolipomas
and rhabdomyomas, neuroendocrine tumors affecting the
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pancreas have also been reported in TSC. Pancreatic neuroen-
docrine tumors (PanNETs) generally originate from mature
endocrine cells in the pancreas and can be divided into two
broad categories, functional or non-functional.[7] The WHO
classifies panNETs into three categories: well differentiated
endocrine tumor, as observed in our patient, has an indolent
clinical course, moderately-differentiated endocrine carci-
noma, and poorly differentiated endocrine carcinoma which
is the most aggressive.[8] Pancreatic NETs can occur sponta-
neously, or they can be associated with familial syndromes
like MEN-1 and TSC where they more commonly occur in
early adulthood.[9, 10] The development of PanNETs may
be attributed to disinhibition of mTOR. This may explain
the stable disease our patient had on everolimus, an mTOR
inhibitor now approved for use on pancreatic NETs.[7] Hep-
atic involvement in TSC has most commonly been reported
in the form of hepatic angiomyolipoma.[6] Hepatocellular
carcinoma is much less common, and our literature search
yielded one case report that demonstrated HCC and hepatic
angiomyolipoma occurring concurrently in a TSC patient.[5]

While angiomyolipoma is a benign neoplasm, hepatocel-
lular carcinoma represents a more aggressive type of liver
tumor.[11]

TSC2 dysfunction has been implicated in the pathogenesis of
both HCC and pancreatic NETs. Decreased TSC2 expression
was observed in about 35% of panNETs.[12] Additionally, a
recent study found that loss of TSC2 function was common
in HCC. That same study showed that a loss of TSC2 func-
tion also predicted a better response to everolimus, an mTOR
inhibitor our patient is receiving for renal angiomyolipoma
treatment.[11]

The findings in our patient raise questions about screening
and prognosis for patients with TSC. Currently, there are
no definitive screening guidelines for abdominal imaging
in patients with TSC. Given the complexity and variability
with which TSC can present, screening for gastrointestinal
manifestations is tailored for individual patients.[13] To our
knowledge, this is the first case reported of pancreatic NET,
HCC, and renal angiomyolipoma occurring concurrently in a
patient with TSC. More research and investigation is needed
to determine if these three neoplasms occurring together
affects treatment choices or prognosis.
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