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a b s t r a c t 

Tuberous Sclerosis is a complex genetic disease that has well-defined clinical criteria. These 

criteria don’t include pancreatic neuroendocrine tumors. We represent a rare case of a pa- 

tient, with a non–functioning pancreatic neuroendocrine tumor and concomitant diagnosis 

of tuberous sclerosis complex, and basement membrane disease. 

The patient was diagnosed based on typical radiologic findings. We have suggested close 

monitoring and during follow-up studies, the disease was stable. Interestingly the patient 

tested negative for Tuberous Sclerosis Complex (TSC), which suggests that she might be 

a somatic mosaic and the mutation level in blood lymphocytes was below the detection 

level. Moreover, a heterozygous pathogenic variant p.(Gly774Arg) and a heterozygous likely 

pathogenic variant p.(Gly1465Asp) were identified in the COL4A4 gene. COL4A4 gene is re- 

sponsible for causing autosomal dominant basement membrane disease. In this case re- 

port, we discuss clinical, radiologic, and genetic aspects of these diseases, as well as op- 

timal treatment and follow-up strategies. Thus, by presenting this case we would like to 

increase awareness of pancreatic neuroendocrine tumors in TSC and emphasize the need 

for follow-up monitoring. 
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Fig. 1 – TSC associated angiofibromas on the nose. 

Fig. 2 – Periungual fibroma. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Tuberous Sclerosis Complex (TSC) is an autosomal dominant
multisystem disorder with characteristic skin manifestations
and hamartomatous lesions in the brain and other vital or-
gans. The disease frequency is about 1 in 6000 live births and
about two third of cases are sporadic [1–3] . 

TSC may affect the central nervous system (cortical tubers,
subependymal nodules, and astrocytomas), skin (sebaceous
adenomas, shagreen patches, “confetti” skin lesions and fi-
bromas), skeletal system (sclerotic and lucent bone lesions),
eyes (retinal hamartomas), lungs (lymphangioleiomyomato-
sis), heart (rhabdomyomas), and abdominal organs (renal an-
giomyolipomas and cysts)- [4] . 

The most common manifestations of TSC are dermatologic
lesions occurring in 81%-95% of patients, subependymal nod-
ules and cortical tubers seen in about 85%-90% and epilepsy
presented in almost 90% of patients [5–6] . 

The disease is caused by mutations in either the TSC1 or
TSC2 genes, which encode protein products hamartin, and
tuberin respectively. TSC1 and TSC2 function as inhibitors
of downstream cellular signaling via the mammalian tar-
get of rapamycin (mTOR) pathway. Loss-of-function muta-
tions in these genes lead to constitutive activation of the
mTORC1 oncogenic cascade, which is a direct contributor to
tumor growth [7] . Based on routine diagnostic techniques, a
pathogenic mutation is detected in up to 85%-90% of individ-
uals with a clinical diagnosis of TSC [8] . 

The most common affected abdominal organ is the kid-
ney, which is involved in approximately 80% of cases [9] . The
pancreas is not considered as the main focus for TSC related
pathology and is not monitored routinely during the clinical
course of the disease. 

Pancreatic neuroendocrine tumors (PanNETs), are rare neo-
plasms that arise in the endocrine tissues of the pancreas.
They account for 1%-3% of all pancreatic tumors [10] . About
10% of all PanNETs are components of familial endocrine syn-
dromes such as multiple endocrine neoplasia syndrome 1
(most common), Von Hippel-Lindau disease, neurofibromato-
sis type 1, and TSC [11] . 

PanNET’s are not considered as a part of clinical features
of TSC but the coincidence of these 2 diseases are well known.
We report a 34-year-old female patient with tuberous sclero-
sis, presenting with pancreatic neuroendocrine tumor. 

Case presentation 

A 34-year-old female with a pancreatic neuroendocrine tumor
was admitted to our department. Before admission, her past
medical history included dermatologic problems since the age
of 16 years, and persistent unexplained hematuria. General
physical examination revealed facial angiofibromas ( Figure. 1 )
and small periungual fibromas of the toenails ( Figure 2 ). There
were no other cutaneous findings, pain or seizures in the past,
and cognitive development was age -appropriate. No family
history or clinical features of TSC. No mental health disorders
or oncology malignancies. 
At the age of 30, the patient underwent ovarian cystectomy
and, afterward, she routinely monitored her heath annually.
At the age of 32, during follow-up procedure, bilateral multiple
renal angiomiolypomas (AML) was revealed incidentally. She
was diagnosed with renal AML and managed by a nephrolo-
gist. Close monitoring was recommended. 

At the age of 33, an abdominal MRI was performed, which
revealed multiple simple cysts and at least 4 fat-containing
lesions in each kidney ( Figure 3 ) ). The fat-containing enhanc-
ing lesions indicated to present angiomyolipomas, the largest
lesion located in the middle third of the right kidney, the size
on axial slices 2,3/2,9 cm ( Figure 3 ). According to the CT exam-
ination done 2 years before, the number, and the size of renal
angiomyolipomas have increased. 

The Multiplicity of renal AML and cysts at such a young age
raised suspicion for tuberous sclerosis complex. 
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Fig. 3 (a,b) – Coronal T2-weighted MR image (a) and gadolinium T1-weighted MR image acquired during portal venous 
phase (b) show well defined non-enhancing simple cysts and mildly enhancing lipid-rich angiomyolipoma in both kidneys. 
(c, d) Axial T2-weighted image (c) and T2-weighted fat-saturated MR image (d) show the largest well-defined lipid-rich 

angiomyolipoma (arrow) in the right kidney. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additionally there is a well-circumscribed lesion with hy-
pointense T1 signal and mildly hyperintense T2 signal lesion
in the distal pancreatic body and/or proximal pancreatic tail
measuring 1,3/1,6cm on the axial planes ( Figure 4 ). The le-
sion did not show diffusion restriction, enhanced homoge-
nously, became isointense to pancreas intact parenchyma in
the portal, and delayed phases ( Fig. 4 ). According to the char-
acteristics listed above, the lesion was considered a well-
differentiated pancreatic neuroendocrine tumor. Moreover,
due to the high tumor-to-background Apparent diffusion co-
efficient (ADC) ratio (1.037), there a was high suspicion of pan-
NET to be a grade 1 tumor [12] . 

To further support the diagnosis of TSC, brain MRI, and lung
CT were performed. Brain MRI showed several subependymal
nodules and multiple cortical dysplasias ( Fig. 5 ), while lung
CT demonstrated early signs of lymphangioleiomyomatosis in
both lungs and small multiple sclerotic lesions in the bones
( Fig. 6 ). 

The ophthalmologic examination revealed multiple reti-
nal nodular hamartomas, but no anterior lenticonus or per-
imacular flecks. At the age of 34, the hearing was normal as
well. Heart ultrasound did not show any rhabdomyomas, and
blood pressure was consistently normal. Hematological find-
ings, liver function tests, creatinine, and tumor markers were
within normal range. Urinalysis revealed isolated mild hema-
turia. 

Since the patient’s pancreatic serologic peptide hormone
levels were not elevated, and there were no symptoms of dia-
betes, skin rashes, muscle cramps, pain or flushing, the pan-
creatic lesion was considered as a non–functioning neuroen-
docrine tumor (PanNET). 

Based on the above-mentioned findings, the phenotype of
our patient was fully consistent with a definite clinical diag-
nosis of TSC, according to clinical diagnostic criteria for TSC
[14] . Thus, genetic analysis of TSC1, and TSC2 genes using the
Next generation sequencing (NGS) panel was performed. The
methodology included sequencing of the entire coding region
of TSC1 and TSC2 genes, including 10 bp of flanking intronic
sequences, as well as Copy number variation (CNV) analysis
for the detection of larger exonic deletions. The performed
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Fig. 4 – Suspected neuroendocrine tumor (arrow) in the distal pancreatic body/proximal pancreatic tail. (a) Axial ADC map 

shows isointense to mildly hyperintense mass. (b) Axial T2-weighetd MR image shows mildly hyperintense mass. (c) Axial 
T1-weighted MR image shows hypointense mass. (d) Axial gadolinium-enhanced T1-weighted MR image shows that the 
mass is hypervascular and demonstrated intense enhacement. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

analysis also included “tubular list” of pathogenic and likely
pathogenic variants for a selection of highly penetrant genes
which are known to be linked to early onset severe diseases
identified in proband when using NGS. 

Interestingly the patient tested negative for TSC, which
suggests that she might be a somatic mosaic, and the muta-
tion level in blood lymphocytes was below the detection level.
Moreover, as part of the analysis for additional pathogenic and
likely pathogenic variants, a heterozygous pathogenic variant
p.(Gly774Arg) and a heterozygous likely pathogenic variant
p.(Gly1465Asp) were identified in the COL4A4 gene. COL4A4
gene is responsible for causing autosomal dominant base-
ment membrane disease and autosomal recessive Alport syn-
drome type 2 Performed NGS technology cannot detect the
phase of the variants, cis or trans , but the presence of hema-
turia without hearing loss and ophthalmologic manifesta-
tions at the age of 34, highly suggests cis phase of the variants,
which is consistent with basement membrane disease. Ac-
cording to the TSC consensus recommendations, close mon-
itoring, and routine screenings for her clinical presentations
were decided [13] . Additionally, we avoided doing any surgical
interventions on the pancreatic lesion due to the small size,
the risks of the procedure, and the clinically nonfunctioning
tumor. 

Discussion 

The classic TSC triad (Vogt’s triad) includes mental retarda-
tion, seizures, and facial angiofibromas which may not be seen
in all cases. 

The 2012 International TSC Consensus Conference pub-
lished clinical diagnostic criteria, which includes the presence
of 2 major features, or 1 major, and 2 minor features Table 1
[14] . 

TSC is characterized by the development of hamartomas
in almost every organ, and patients develop disabling neuro-
logic features (epilepsy, mental retardation, and autism), der-
matologic features (facial angiofibromas, hypomelanotic mac-
ules, shagreen patches, and ungula fibromas), and tumor-like
hamartomatous lesions (cortical tubers, cardiac rhabdomy-
omas, subependymal nodules, renal angiomylipomas, and
lymphangiomyomatosis) [15] . 
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Fig. 5 – Axial FLAIR MR images (A,B) show multiple hyperintense lesions consistent with cortical and/or subcortical tubers 
(cortical dysplasia); Axial T2-weighted MR image (C) and coronal T1-weighted MR image (D) show small subependymal 
nodules slightly projecting into lateral ventricles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In most patients with TSC, the initial management issue is
related to making an appropriate diagnosis by identification
of major, and minor diagnostic features. The second impor-
tant issue is the management of TSC in long-term follow-up,
in particular, the growth of angiomyolipomas or subependy-
mal giant-cell tumors [16] . 

Our patient had 7 major clinical features (periungal fibro-
mas, angiofibromas, renal angiomyolipoma, cortical tubers,
retinal hamartomas, lymphangioleiomyomatosis, subependy-
mal nodules,) making the diagnosis a certainty even in the ab-
sence of genetic assessment. 

Many gaps remain in the understanding of TSC because of
the complexity and diversity in clinical presentation. In the
TOSCA registry, the occurrence rates of major manifestations
of TSC included – cortical tubers (82.2%), subependymal nod-
ules (78.2%), subependymal giant cell astrocytomas (24.4%),
renal angiomyolipomas (47.2%), lymphangioleiomyomatosis
(6.9%), cardiac rhabdomyomas (34.3%), facial angiofibromas
(57.3%), forehead plaque (14.1%), ≥3 hypomelanotic macules
(66.8%), and shagreen patches (27.4%). Epilepsy was reported
in 1748 (83.5%) patients, of which 1372 were diagnosed at ≤2
years (78%). Intellectual disability was identified in 451 (54.9%)
patients. More than 1/3 (36,7%) of patients with TSC are di-
agnosed after age 18 years. Registry revealed pancreatic neu-
roendocrine tumor only in 5 patients, out of 2093 patients
[17] . 

TSC is associated with well-known and recognized intraab-
dominal tumors like angiomyolipoma of the kidney. However,
rarer tumors like pancreatic neuroendocrine tumors can oc-
cur in the setting of TSC. 

Whether there is any pathogenic association between NET
and TSC is still unanswered, given the paucity of documented
cases. About 10% of all PanNETs are components of familial
endocrine syndromes and are seen in multiple endocrine neo-
plasia syndrome 1 (most common), Von Hippel-Lindau dis-
ease, neurofibromatosis type 1, and TSC [18] . Familial tumor
syndromes are often associated with germline mutations in
tumor-suppressor genes that cause increased tumor suscepti-
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Fig. 6 – Coronal CT (A) Arrows show small air-filled cysts randomly distributed in both lungs. Axial CT (B,C) Arrows show 

diffuse sclerotic lesions in the vertebras. 
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bility in the pancreas and other neuroendocrine organs, lead-
ing to the development of multiple neoplasms [ 15 ,19 ]. 

The study by Larson et al suggests that the majority of
these pancreatic lesions in patients with TSC are not AMLs,
as it was previously considered, but rather, PanNETs. A com-
parison of the clinical, radiological, and pathologic features of
TSC-related PanNETs in this report with those of PanNETs oc-
curring in the general population shows 2 interesting findings:
the lesions in the TSC cohort occur at a younger age and are
more frequently cystic. The risk of aggressive behavior is dif-
ficult to assess. The most significant difference between TSC-
related PanNETs and all other syndromic PanNETs is that in
TSC, the majority of these lesions are found to be solitary, and
not multifocal. In this study PanNETs, while overall were rare
(9/219; 4.1%), remain the most common pancreatic neoplasia
in individuals with TSC [20] . 

Pancreatic lesions in patients with TSC, solid or cystic,
should be considered possible PanNETs. Preoperative fine-
needle aspiration biopsy for tumor grade assessment is less
accurate for pancreatic primary in PanNET than for hepatic
metastasis and are not routinely justified due to low sensi-
tivity. They are reserved for locally advanced disease, those
with hepatic metastasis or in case of a diagnostic dilemma
concerning the primary [21] . 

Hence, asymptomatic tumors > 2 cm, functioning tumors,
and tumors with aggressive features, like pancreatic dila-
tion, should be resected [22] . European Neuroendocrine Tu-
mor Society (ENETS) guidelines recommend non–functioning,
low grade, PanNETs, < 2cm be followed by active radiological
surveillance [23] . 

PanNET is the diagnosis probable based on the character-
istic arterial enhancement on contrast MRI. PanNETs are typ-
ically solid, but may present as cystic lesions. These can be
differentiated from benign pancreatic cysts by their character-
istic MRI sequence [24] . PanNET is usually contrast enhancing
on arterial phase. However, some may be non–hypervascular.
Well-defined margin and hyper- or iso-enhancement in the
portal venous phase are useful MR features seen in non–
hypervascular PanNETs and discriminate non–hypervascular
PanNETs from pancreatic adenocarcinoma [25] . 

In our case, the main differential for a pancreatic lesion
with such imaging characteristic is pancreatic perivascular
epithelioid cell tumor (PEComa) which is reported to appear
very similar to pancreatic neuroendocrine tumors on imaging
(well-circumscribed, oval or round-shaped not hypovascular
mass) [26] . Moreover, mutations of the TSC2 gene are usually
found in sporadic PEComas. However, to our knowledge, there
is only 1 reported case of pancreatic PEComa in a patient with
TSC [27] . Consequently, the main probable diagnosis for our
patient’s pancreatic lesion is a well-differentiated low-grade
neuroendocrine tumor. 

It remains unclear when is it reasonable to proceed with
surgery, in small nonsecreting PanNETs. The risk of distant
metastases must be weighed against surgical morbidity and
complications. For some small non–secreting tumors active
surveillance is a potentially safe and effective strategy instead
of surgery. In light of the above data, due to the small size
of the panNET and the benign characteristic imaging, it was
decided to perform a follow-up instead of surgical interven-
tion. Khanna et al. and Han et al. report the possibility of such
a conservative approach in small non–functioning pancreatic
neuroendocrine tumor management [ 12 ,28 ]. 

Asymptomatic PanNETs < 2cm in TSC may be managed by
abdominal surveillance but the optimal screening modality,
duration, and interval of screening are still unknown. Follow-
up evaluation for sporadic PanNETs include clinical examina-
tion and imaging including CT, endoscopic ultrasound (EUSG)
or MRI at 6- or 12-month intervals. CT and MRI have compa-
rable yield, with CT having significant long-term radiation ex-
posure over an extended surveillance period. The exact dura-
tion of surveillance for sporadic PanNETs is variable with most
ranging between 32 and 45 months [29] . 

It is noteworthy to say that TSC is a clinical diagnosis and
genetic testing is not mandatory to confirm the diagnosis, es-
pecially when the phenotype of the patient presents with sev-
eral clear-cut major diagnostic criteria. In our case, sequenc-
ing, and deletion-duplication analysis of TSC1 and TSC2 genes
was performed and the coverage was 99.74%, however, the pa-
tient tested negative. Having negative test results does not
exclude the diagnosis of TSC and there are several explana-
tions for this. First, the patient may have somatic mosaicism,
which is not uncommon for TSC [30] . Indeed, NGS technolo-
gies have a limitation to detect percentage of mosaicism that
is below 10%-15% in the analyzed tissue, usually blood lym-
phocytes from which DNA is being extracted during routine
lab workflow. Second, the mutation may be located in the
non–coding promoter or deep-intronic region, which is be-
yond the detection of the current methodology. For such DNA
alterations, whole-genome sequencing (WGS) would be fea-
sible. However, due to the high price, WGS is rarely being per-
formed in the context of TSC. Moreover, as TSC remains a clin-
ical diagnosis, unless there is a need for genetic counselling
for reproductive decision-making, genetic testing may not be
performed. 

Somewhat unexpected was the fact that our patient turned
out to have alterations in COL4A4 gene, with 2 heterozy-
gous variants classified as pathogenic, and likely pathogenic.
This finding explains persistent hematuria, which the pa-
tient has been having for many years. The performed NGS
technology cannot detect whether these variants are in cis
or trans phase, unless parental testing is performed. How-
ever, absence of hearing loss and characteristic anterior lenti-
conus or perimacular flecks makes the diagnosis of Alport
syndrome less likely, suggesting milder basement membrane
disease. 

Thus, by presenting this case we would like to increase
awareness of pancreatic neuroendocrine tumors in TSC and
emphasize the need for follow-up monitoring. Moreover, this
case once again demonstrates, that with improved NGS tech-
nologies it is not uncommon to reveal patients with dual diag-
nosis with further need of detailed clinical evaluation to prop-
erly interpret genetic test results. 

The main limitation of this case is the absence of histologic
diagnosis. We presume pancreatic lesion as PanNET because
of its typical radiologic appearance. Additionally, a review of
the literature and/or PubMed database suggests that pancre-
atic neuroendocrine tumors remain the most common pan-
creatic neoplasm in TSC patients. 
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