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Abstract Renal lesions represent the second most significant
cause of morbidity and mortality in patients with tuberous
sclerosis complex (TSC). Recent advances in the understand-
ing of the pathophysiology of TSC have led to the exploration
of new potential therapeutic targets. Clinical trials with mam-
malian target of rapamycin (mTOR) inhibitors have demon-
strated promising results for several indications, such as renal
angiomyolipoma, subependymal giant cell astrocytoma,
lymphangioleiomyomatosis and facial angiofibromas.
Currently, there is a scarcity of natural history data and ran-
domized, placebo-controlled clinical trials on TSC. Recently,
however, recommendations for the diagnostic criteria, surveil-
lance, and management of TSC patients have been updated.
This review focuses on these novel recommendations and
highlights the need for multidisciplinary follow-up of this
multi-systemic disease.
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Abbreviations
ACEi Angiotensin-converting enzyme inhibitor
CKD Chronic kidney disease
CT Computed tomography

ESRD End-stage renal disease
LAM Lymphangioleiomyomatosis
MRI Magnetic resonance imaging
mTOR Mammalian target of rapamycin
mTORi Mammalian target of rapamycin inhibitor
PKD Polycystic kidney disease
RCC Renal cell carcinoma
SEGA Subependymal giant cell astrocytoma
SEN Subependymal nodule
TAND TSC-associated neuropsychiatric disorders
TSC Tuberous sclerosis complex

Introduction

Tuberous sclerosis complex (TSC) is an autosomal dominant
genetic syndrome characterized by a predisposition to benign
tumor (hamartoma) formation. It is caused by mutations in the
genes TSC1 (OMIM 605284; located on chromosome 9q34)
and TSC2 (OMIM 191092; located on chromosome 16p13.3),
encoding for the proteins hamartin and tuberin respectively [1,
2]. This disorder affects approximately 1 in 6,000 individuals
involving all racial and ethnic groups. Since the identification
of the genes in the 1990s, more than 300 allelic variants of
TSC1 and more than 1,000 allelic variants of TSC2 have been
reported. Mutations in TSC2 are more common (50 %) and
associated with a more severe phenotype than those in TSC1
(20 %) [3]. TSC can be inherited as an autosomal dominant
disorder, but two thirds of patients have de novo mutations.

Tuberous sclerosis complex is characterized by the forma-
tion of hamartomas in multiple organ systems, including the
skin, the brain, the heart, the kidneys, the eyes, and the lungs,
with a wide diversity of symptoms and severity across patients
[3, 4]. Although there is a scarcity of natural history data and
randomized, placebo-controlled clinical trials in TSC,
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especially in the pediatric population, the 2012 International
TSC Consensus group has recently updated the diagnostic
criteria [5], and the recommendations for surveillance and
management of patients with TSC [6]. Moreover, a few clin-
ical trials using mammalian target of rapamycin inhibitors
(mTORi) have shown promising results for several indications
in adults and children with TSC. This overview puts the
spotlight on the most significant changes in the updated re-
commendations for TSC emphasizing key points for making
decisions about patient care.

Methodology

Amedical literature search was performed in April 2014 using
the PubMed database of all articles published in English.
Search terms consisted of “tuberous sclerosis complex” or
“TSC” AND “review,” “angiomyolipoma,” “renal involve-
ment,” “renal cyst,”, “chronic kidney disease (CKD),” “end-
stage renal disease (ESRD),” “hypertension,” “renal tumors,”
“RCC,” “contiguous gene deletion syndrome”, “mTOR
inhibitor” or “rapamycin.” We aimed to discuss the new
recommendations based on the available literature and the pub-
lications of the 2012 International TSCConsensus Group [5, 6].

Renal involvement in TSC

About 80–90 % of TSC patients have renal manifestations by
adulthood [3, 7, 8], representing the second most significant
cause of morbidity and mortality in all ages combined, and the
most common cause of mortality after the age of 30 years [8].
Renal lesions in TSC consist of renal cysts, angiomyolipomas,
fat-poor lesions, and malignant tumors, causing CKD. There
is a clear correlation between the presence of renal abnormal-
ities (angiomyolipomas and renal cysts) and age. Renal le-
sions are observed in 38.5–55 % of children at preschool age
(≤6 years), increasing to 75–80% in the school age group, and
reaching 86–100 % in adults [9, 10]. Very little is known in
adult and even less in pediatric TSC patients about the natural
history of these renal lesions, about the incidence of CKD and
ESRD, and about renal co-morbidities such as hypertension
and proteinuria.

Angiomyolipoma

Renal angiomyolipomas are benign tumors composed of ab-
normal blood vessels, immature smooth muscle cells, and
mature adipose tissue. Angiomyolipomas occur in 55–80 %
of patients [4, 5, 11] and are the most common cause of TSC-
related morbidity in adults. They often appear as multiple and
bilateral tumors with rapid growth in childhood and adoles-
cence that stabilizes throughout adulthood [9, 12–17]. It has

even been suggested that angiomyolipomas might appear as
early as infancy [18]. The abnormal vasculature in
angiomyolipomas is frequently associated with the develop-
ment of micro- and macro-aneurysms, putting both children
and adults with TSC at risk of spontaneous, possibly life-
threatening, hemorrhage [19–23]. This risk is estimated to be
25–50 % [16, 24, 25], with up to 20 % of patients presenting
with hypovolemic shock [25]. Risk factors for bleeding from
angiomyolipomas are tumor size (>4 cm), growth as assessed
by serial measurements, and aneurysm size (>0.5 cm) [8, 26,
27]. Nowadays, the management of active bleeding from
angiomyolipomas consists of arterial embolization, some-
times even prophylactic. Unfortunately, most often unneces-
sarily, partial or total nephrectomy is still performed [8, 28].

Renal cysts

Renal cysts occur in 30–45 % of TSC patients, both in TSC1-
and TSC2-related disease [11, 12, 18]. The cystic lesions vary
from microcystic involvement not detectable by imaging, to
multiple large cysts. Also, glomerulocystic kidney disease has
been described in TSC patients [29, 30]. A severe, very early
onset polycystic kidney disease (PKD) phenotype is mostly
caused by deletions involving the adjacent TSC2 and PKD1
genes on chromosome 16p13, causing the so-called TSC2/
PKD1 contiguous gene deletion syndrome [31–33]. Despite
the lack of data on the renal outcome of these patients, it has
been reported that the TSC2/PKD1 syndrome occurs in about 2–
5%of TSC patients, and results in significant renal insufficiency
in teenage years [33]. Recently, it has been suggested that TSC
can also be classified as a ciliopathy associated with renal cysts.

Fat-poor renal lesions

There is a lack of information about fat-poor renal lesions in
TSC patients, since they are very difficult to detect with
ultrasound. They consist mainly of spindle cells, epithelioid
cells or vascular elements, with a varying contribution of each
cell type. Solid fat-poor lesions in the kidneys of a patient with
TSC are most often angiomyolipomas, but they can occasion-
ally be oncocytomas or renal cell carcinomata (RCC).
Oncocytomas occur more frequently in TSC than in the gen-
eral population, where they are uncommon benign adenoma-
tous hamartomas accounting for only 3–5 % of renal paren-
chymal tumors [34]. They arise from the intercalated cells of
the cortical portion of the collecting duct [35], and consist of
dense eosinophilic cytoplasm with generally uniform nuclei
and abundant mitochondria [36, 37]. RCC occurs in 3–5 % of
patients with TSC at an average age of 28–50 years, with very
few reports in childhood [38, 39]. However, not all reported
RCC cases have been studied in detail (e.g., histology) with
possible misclassifications. Magnetic resonance imaging
(MRI) is the best imaging method for detecting fat-poor
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lesions. However, there are currently no imaging methods that
clearly distinguish a fat-poor angiomyolipoma from an RCC.
Patel et al. suggested that the growth rate might help to
differentiate these lesions [40]. A diagnostic needle biopsy
has been recommended for fat-poor lesions growing faster
than 0.5 cm per year to dis t inguish RCC from
angiomyolipoma [6]. The typical hematoxylin and eosin ap-
pearance of RCC is very similar to the epithelioid variant of
angiomyolipoma and may lead to misdiagnosis. The disco-
very of human melanoma black-45 (HMB-45) and other
melanocytic markers such as melanin-A, has increased the
reliability of the biopsies. Virtually all angiomyolipomas stain
positive for these antibodies, and RCC stains negative,
making immunohistochemistry extremely important in ex-
cluding RCC [28].

Nephrolithiasis

Hypocitraturia represents the main risk factor for
nephrolithiasis in TSC patients and is due either to a disruption
of distal tubular function secondary to renal cysts, or is a
consequence of a ketogenic diet or topiramate use for the
management of seizures. Adequate hydration and citrate sup-
plementation are used to prevent or treat this complication [41].

Renal outcome

Almost no information is available in the literature regarding
the long-term renal outcome of adult TSC patients, and even
less is known regarding the pediatric population. Children
with TSC are almost always born with normal kidneys and
normal kidney function, but they develop renal lesions for
which they undergo renal surgery (often unnecessarily)
throughout their life, contributing to nephron loss. No data
are available on the incidence of CKD in this population; only
a few case reports of renal transplantation in TSC adults have
been described [42, 43]. CKD and ESRD in TSC patients are
mainly due to renal parenchymal loss secondary to
angiomyolipoma and cyst growth, hemorrhage, and more
significant surgery. Moreover, patients with TSC are exposed
to renal injury by medication (anticonvulsants and non-
steroidal inflammatory drugs), rhabdomyolysis, and hypoxia
induced by prolonged seizures [44]. This may also contribute
to the acceleration of the loss of renal function. CKD and renal
failure represent a major burden in these patients and are the
leading cause of death in adult patients with TSC [28, 45, 46].

No clear data are found in the literature regarding the
incidence of hypertension in the TSC population [41].
Recent data on PKD patients demonstrated the benefit of good
blood pressure control on renal prognosis in adults [47] and in
children [48]. Also, a clear correlation has been described
between high blood pressure, high serum renin levels, renal
volume, and disease progression. The role of ACEi has been

highlighted and ACEi became the treatment of choice in this
population [47]. Better control of blood pressure and overall
better patient care has resulted in a trend toward the prolonged
preservation of renal function in renal cystic disease [49].
Based on this, it has been suggested that the diagnosis and
management of hypertension might represent very important
factors in the follow-up of TSC patients. No data are available
regarding the treatment of choice for hypertension, regarding
neither the incidence of proteinuria nor the effect of long-term
use of ACEi in TSC. However, we would like to highlight the
increased incidence of angioedema in patients treated with the
combination of ACEi and mTORi [50]. This needs to be
further elucidated in a large TSC cohort.

Extrarenal manifestations in TSC

Neurological manifestations

Brain lesions in TSC mainly consist of cortical tubers,
subependymal nodules (SENs), and subependymal giant cell
astrocytomas (SEGAs). They are the leading cause of mor-
bidity and mortality in TSC. Cortical tubers, occurring in 90%
of TSC patients, are severe malformations of cortical devel-
opment (focal cortical dysplasia) with complete disruption of
the normal laminar organization of the cerebral cortex, occur-
ring most frequently at the junction of gray and white matter.
They are considered to be a cause of epilepsy, autism, and
learning difficulties in patients with TSC, but some evidence
suggests functional abnormalities in brain regions without
tubers [51]. SENs are benign growths along the ependymal
lining of the lateral and third ventricles, observed in 80 % of
individuals with TSC, and often detected prenatally or at birth
[5]. SEGAs are low-grade brain tumors that develop from
SENs in only a minority of TSC patients (5–15 %) [52].
Usually, they grow during childhood and adolescence, being
the major cause of morbidity and mortality in this age group
[53–55]. Although these lesions are generally benign and non-
infiltrative, they can be life-threatening as they arise typically
near the foramen of Monro, unilaterally or bilaterally. Serial
growth may result in acute or subacute obstructive hydroceph-
alus [56] and sudden death [57].

Although a subset of patients with TSC has normal cogni-
tion [3], seizures, intellectual disability, developmental delay,
and TSC-associated neuropsychiatric disorders (TAND) are
well-known manifestations in children and adults with TSC.
Epileptic seizures occur in 85–90 % of patients and are asso-
ciated with neurodevelopmental and cognitive problems [4,
58]. Epilepsy generally begins during the first year of life and
most often consists of focal seizures and/or infantile spasms
[3, 59]. Management is challenging and one third of the
patients remain refractory to therapy, despite extensive
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pharmacological and non-pharmacological treatments such as
surgery, ketogenic diet, and vagus nerve stimulation [3, 59,
60]. Cognition declines with the onset of infantile spasms,
which are often responsive to vigabatrin. TAND include ag-
gressive behavior, autism spectrum disorder (20–40%), atten-
tion deficit and hyperactivity disorder, intellectual disabilities,
sleeping difficulties, psychiatric disorders, and neuropsycho-
logical deficits, as well as school and occupational difficulties
[61–63].

Lung involvement

Lymphangioleiomyomatosis (LAM) is characterized by the
proliferation of smooth muscle cells and cystic changes within
the lung parenchyma. Almost exclusively adolescent girls and
women (up to 80 % by the age of 40) are affected [64],
presenting with progressive dyspnea on exertion, hemoptysis,
and recurrent pneumothoraces in the third to fourth decade of
life. Symptomatic LAM is very rare in male patients with
TSC. Chest radiographs reveal a diffuse reticular pattern and
high-resolution computed tomography of the chest shows
diffuse interstitial changes with infiltrates and cystic changes.
Some individuals progress to respiratory failure and death.
Other manifestations of TSC in the lung include multifocal
micronodular pneumocyte hyperplasia (MMPH, 40–85 %)
and clear cell tumor of the lung [65].

Others

Tuberous sclerosis complex can affect virtually any organ in
the body. Cardiac rhabdomyomas, mostly located in the ven-
tricles, are highly specific to TSC (75–80 % risk of TSC) [66,
67]. They are often the first noted manifestation of the disease
on the prenatal ultrasound of affected fetuses (47–67 %), and
most often regress after birth and eventually disappear. They
may compromise ventricular function, interfere with valve
movement or result in outflow obstruction, and they are also
associated with cardiac arrhythmias [5]. Skin manifestations
in TSC, detected in almost 100 % of patients at all ages,
include hypomelanotic macules (87–100 % of individuals,
formerly known as ash-leaf spots), facial angiofibromas (47–
90 %, formerly called adenoma sebaceum), shagreen patches
(20–80 %), fibrous cephalic plaques (25 %), and ungual
fibromas (17–87 %) [5]. Confetti skin lesions (3–58 %),
dental enamel pits (up to 100 % in adults), and intraoral
fibromas (20–50 %) are described as minor features [5].
Retinal hamartomas are observed in 30–50 % of TSC
patients, and retinal achromic (hypopigmented) patches
in 39 %. Unless they involve the macula or optic nerve,
ophthalmic lesions are usually asymptomatic. Hepatic
angiomyolipomas are described in 10–25 % of TSC
patients [68].

Pathophysiology and treatment targets

Briefly, both TSC1 and TSC2, encoding for the proteins
hamartin and tuberin respectively, act as tumor suppressor
genes. It has been reported that the inactivation of both alleles
of TSC1 or TSC2 is required for tumor formation: in addition
to a germinal mutation, a second, somatic mutation (“second
hit hypothesis”) has to occur, resulting in a complete loss of
function [69]. This loss of heterozygosity is shown in the
majority of hamartomas in TSC (mainly in angiomyolipoma,
sporadic in LAM and SEGA), but is interestingly only rarely
found in the cortical tubers [70]. The proteins hamartin and
tuberin form an intracellular heterodimer protein complex
TSC1/TSC2 interacting with a variety of other proteins. This
TSC1/TSC2 protein complex converts the Ras homolog
enriched in the brain-GTP to the inactive form, inactivating
the mammalian target of rapamycin (mTOR) [71, 72]. mTOR
is a highly conserved protein kinase that regulates protein
synthesis, cellular metabolism, differentiation, growth and
proliferation. A complete loss of hamartin or tuberin results
in an unregulated activation of mTOR with subsequent un-
controlled cell growth and proliferation. The significant
advances in understanding of the pathophysiological
pathways linking gene mutations and hamartoma forma-
tion led to the exploration of mTORi, such as
rapamycin (sirolimus) and RAD001 (everolimus), as a
therapeutic strategy to treat TSC-related tumors. These
agents had already been used for many years as immu-
nosuppressants in solid organ transplantation [73] and
cancer treatment (e.g. RCC) [74], and more recently in
PKD [75]. It has been demonstrated in preclinical stud-
ies that mTORi effectively reduce cell proliferation and
tumor size in animal models and patient-derived cell
lines of TSC [76]. These encouraging results have
opened perspectives for drug intervention in TSC pa-
tients for different indications including SEGAs, renal
angiomyolipomas, pulmonary LAM, epilepsy and facial
angiofibromas.

Updated recommendations for the diagnosis
and surveillance of TSC

Despite the significant advances in understanding of the un-
derlyingmolecular pathology of TSC, and the development of
new treatment options with mTORi in the last decade, the
international consensus recommendations about the diagnosis
and management of TSC date back to 1998 [77]. Recently, the
2012 International TSC Consensus group has updated the
recommendations for the diagnostic criteria, surveillance,
and management of TSC patients [5, 6]. The implementation
of these recommendations will facilitate and improve the care
for this specific population, with a potential better clinical
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outcome. We next discuss the adjustments to the recommen-
dations, and the results of the clinical trials with mTORi.
These recommendations are available at www.tsalliance.org/
consensus.

Recommendations for TSC diagnostic criteria

The most significant change to the diagnostic criteria was the
introduction of genetic testing, which is currently widely
available. A “pathogenic mutation” in TSC1 or TSC2 that
compromises protein synthesis and/or inactivates its function,
has become an independent diagnostic major criterion, suffi-
cient for the diagnosis of TSC. Other genetic variants with less
certain functional effect are not considered to be major criteria
[5]. We need to emphasize that in 10–25% of TSC patients no
mutation can be found in either TSC1 or TSC2, which does not
exclude the diagnosis. Furthermore, the diagnostic classes
have been reduced to “possible” and “definite,” and the 11
major and 9 minor features described by the 1998 conference
were reduced to 11 major and only 6 minor features (Table 1).
Additionally, minor clarifications and simplifications were
made to some specific criteria [5, 6]. A definite diagnosis of
TSC is made if two major features, or one major feature with
at least two minor features are present. A TSC diagnosis is
possible in the presence of either one major feature or at least
two minor features [5, 6].

Recommendations for the surveillance of TSC patients

The 2012 TSC consensus was made relevant to the entire
lifespan of TSC patients, from infancy to adulthood, for newly
diagnosed patients, and for those in follow-up with an
established diagnosis. We would like to focus on the recom-
mendations for the surveillance and management of renal
lesions [6]. Although ultrasound and computed tomography
(CT) are adequate for the detection of the adipose component
of angiomyolipomas, fat-poor lesions can be missed [78, 79].
It has been suggested that MRI is superior to ultrasound and
CT, and represents the preferred evaluation modality for
angiomyolipomas (especially fat-poor lesions) [15, 80, 81]
in newly diagnosed patients, and for 1- to 3-yearly follow-up
throughout their lifetime [5, 6]. This can be performed during
the same session as the brain MRI to limit the need for
anesthesia. Furthermore, MRI may also detect vascular aneu-
rysms and extrarenal hamartomas in other abdominal organs.
In addition to imaging, evaluation of blood pressure and renal
function is recommended at diagnosis and at least annually
during follow-up [5, 6]. Although the value of ACEi as the
first choice of treatment for hypertension is not validated, the
Consensus group recommends it as first-line therapy in TSC
patients [6]. However, the combination of treatment with
ACEi and mTORi should be avoided. Duerr et al. reported a
higher incidence of angioedema under combined therapy with

mTORi and ACEi in kidney transplant recipients [50]. There
is no recommendation on the evaluation of proteinuria. This
may be an essential parameter in the detection of early kidney
damage.

Updated treatment recommendations

Renal manifestations

In the case of angiomyolipomas larger than 3.5 to 4 cm, renal
arterial embolization followed by corticosteroids, or kidney-
sparing surgery, is used to avoid total nephrectomy [3, 41, 82].
However, even embolization and kidney-sparing surgery have
a high incidence of complications and increased risk of CKD,
related to nephron loss. Recently, it has been demonstrated
that pharmacological intervention using mTORi can obviate
the need for surgery by reducing angiomyolipoma volume

Table 1 Updated diagnostic criteria for tuberous sclerosis complex
(TSC; taken from [5], used with permission)

A. Genetic diagnostic criteria

The identification of either a TSC1 or TSC2 pathogenic mutation is
sufficient to make a definite diagnosis of TSC. A pathogenic mutation
is defined as a mutation that clearly inactivates the function of the
TSC1 or TSC2 proteins, prevents protein synthesis, or is a missense
mutation whose effect on protein function has been established by
functional assessment. Other TSC1 or TSC2 variants whose effect on
function is less certain do not meet these criteria, and are not sufficient
to make a definite diagnosis of TSC. Note that 10–25 % of TSC
patients have no mutation identified by conventional genetic testing,
and a normal result does not exclude TSC

B. Clinical diagnostic criteria

Major features Minor features

1. Hypomelanotic macules (≥3, at least
5-mm diameter)

2. Angiofibromas (≥3) or fibrous
cephalic plaque
3. Ungual fibromas (≥2)
4. Shagreen patch
5. Multiple retinal hamartomas
6. Cortical dysplasiasa

7. Subependymal nodules
8. Subependymal giant cell astrocytoma
9. Cardiac rhabdomyoma
10. Lymphangioleiomyomatosis
(LAM)b

11. Angiomyolipomas (≥2)

1. “Confetti” skin lesions
2. Dental enamel pits (>3)
3. Intraoral fibromas (≥2)
4. Retinal achromic patch
5. Multiple renal cysts
6. Nonrenal hamartomas

Definite diagnosis: two major features or one major feature with at least
two minor features

Possible diagnosis: either one major feature or at least two minor features

a Includes tubers and cerebral white matter radial migration lines
b A comb i n a t i o n o f t h e two ma j o r c l i n i c a l f e a t u r e s
Lymphangioleimyomatosis (LAM) and angiomyolipomas without other
features does not meet the criteria for a definite diagnosis of TSC
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[83–87]. In a randomized, double-blind, placebo-controlled
phase III trial (EXIST-2), Bissler et al. offered definitive
evidence of the efficacy of everolimus for the treatment of
angiomyolipomas in adults with TSC, with an acceptable
safety profile [88]. To date, no trials have been performed in
children.

According to the 2012 recommendations for the manage-
ment of angiomyolipomas, embolization followed by cortico-
steroids is still the first-line therapy when presenting with
acute hemorrhage . For asymptomat ic , g rowing
angiomyolipomas measuring >3 cm in diameter, treatment
with an mTORi is recommended as the most effective first-
line therapy in the short term [83–85, 88]. However, more
studies are needed to confirm the long-term benefits and safety
of this treatment strategy.

Extrarenal manifestations

Traditionally, the management of SEGAs that are growing
and/or causing clinical signs of intracranial hypertension or
unexplained changes in neurological status or TAND symp-
toms, was surgical resection [89]. Data on the efficacy and
safety of SEGA surgery, as well as on outcome, are very
limited and variable [90–93]. SEGA surgery is associatedwith
significant morbidity such as hemiparesis, hydrocephalus,
intracranial bleeding, infection, precocious puberty, neuro-
pathic headache and cognitive decline, and mortality
(6.2 %). Individuals at risk are those with symptomatic and/
or bilateral SEGAs, SEGAs measuring >2 cm or patients
younger than 3 years of age [94]. Moreover, not all SEGAs
are amenable for safe and complete resection because of their
location. An increasing number of studies and reports have
shown that mTORi can induce regression of SEGAs, even in
young children [7, 94–96]. According to the 2012 recommen-
dations, surgical resection should be performed for acutely
symptomatic SEGA. For growing but otherwise asymptomat-
ic SEGA, either surgical resection or treatment with mTORi
can be effective. Everolimus is approved by the European
Medicines Agency (EMA) and the Food and Drug
Administration (FDA) for use in TSC patients with SEGA
requiring therapeutic intervention who are not amenable to
surgery [97].

mTORi also have beneficial effects on all the other clinical
features of TSC. Topical treatment of facial angiofibromas
with sirolimus has extensively been reported to yield positive
results [6]. In selected LAM patients with moderate-to-severe
lung disease or rapid progression, treatment with an mTORi
may be used to stabilize or improve lung function, quality of
life, and functional performance [83–85, 98]. Recently, it has
been demonstrated that everolimus has a partial effect on
epilepsy, decreasing the frequency and severity of seizures
[96, 99]. A phase III study assessing the efficacy of

everolimus on seizures in TSC patients is currently ongoing
(NCT01070316; www.clinicaltrials.gov).

Future perspectives

The purpose of the 2012 International TSC Consensus
Conference was to provide recommendations to help stan-
dardize the approach to the management of TSC patients
regardless of age or severity of the disease. However, some
of the surveillance recommendations can be challenging to
follow, e.g., the need for frequent general anesthesia for serial
brain and abdominal MRI in mentally retarded patients. Since
angiomyolipomas have the potential to produce vascular col-
lagen (i.e., collagen IV) and vascular endothelial growth
factor-D (VEGF-D), these surrogate biomarkers were used
in a few studies to assess disease burden and to monitor
clinical response to treatment of angiomyolipoma [83, 88,
98]. A clear correlation has been noted between these
biomarkers and angiomyolipoma volume. Inclusion of the-
se and other biomarkers in future clinical trials might yield
new non-invasive methods of monitoring disease progres-
sion and response to therapy and potentially to limit the
use of MRI.

Despite the enormous progress made in the field of TSC
over the past decade, there is a significant lack of long-term
data (e.g., on renal outcome). Recently, longitudinal databases
such as the European TSC Registry (TOSCA) and the TSC
Natural History Database in the USA have been including
data on all the organs involved. These are indispensable in
shedding more light on the outcome of this population and in
improving their care.

Conclusions

Tuberous sclerosis complex is characterized by the involve-
ment of multiple organs at different stages in life. This popu-
lation requires management by a specialized multidisciplinary
team involving a neurologist, a nephrologist, an urologist, a
pulmonologist, an ophthalmologist, a cardiologist, and a der-
matologist for pediatric and adult patients. An experienced
TSC center and the organization of transition clinics are highly
recommended, also enabling adequate enrollment in clinical
trials and international TSC registries. mTORi have become a
very promising treatment option for TSC patients, although
their place is yet to be determined as the first-line treatment.
Currently, an individualized approach is recommended, and
patients treated with mTORi should be followed carefully
with particular attention to potential toxicities.
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Key summary points

1. Tuberous sclerosis complex is a heterogeneous disease
affecting almost all organ systems, justifying a multidis-
ciplinary clinical review of these patients.

2. Renal involvement is the second most significant cause of
morbidity and mortality in TSC patients, mainly resulting
in angiomyolipomas and renal cystic disease.

3. Surveillance of renal involvement in TSC should consist
of 1- to 3-yearly imaging using abdominal MRI (or ultra-
sound/CT) and annual blood pressure, proteinuria, and
renal function assessment.

4. The first-line treatment for acute hemorrhage from
angiomyolipomas is arterial embolization followed by
cor t icos te ro ids . For asymptomat ic , growing
angiomyolipomas measuring >3 cm in diameter, treat-
ment with an mTORi is recommended as the most effec-
tive first-line therapy.

Multiple choice questions (answers are provided following
reference list)

1. Mutational analysis of TSC1 and TSC2 is negative in a
patient with a shagreen patch and multiple renal
angiomyolipomas measuring 3 cm in diameter.

a) The diagnosis of TSC is excluded.
b) The diagnosis of TSC is suspected.
c) The diagnosis of TSC is definite.
d) Mutational analysis should be repeated.

2. Abdominal MRI shows a renal fat-poor lesion measuring
4 cm that has been stable in growth for 2 years. What
action do you take?

a) Plan kidney-sparing surgery.
b) Perform a needle biopsy.
c) Plan an abdominal MRI in 6 months’ time.
d) Plan an abdominal ultrasound in 6 months’ time.

3. A patient with TSC presents to the emergency unit with a
bleeding angiomyolipoma. What action do you take?

a) Perform kidney-sparing surgery.
b) Perform a total nephrectomy.
c) Perform embolization followed by corticosteroid

therapy.
d) Treat the patient with an mTORi.

4. What are the new recommendations for the preferred
surveillance of renal lesions in TSC?

a) Renal ultrasound every 1 to 3 years
b) CT of the abdomen every 1 to 3 years
c) MRI of the abdomen every 1 to 3 years
d) Blood pressure and renal function assessment every 1

to 3 years.

5. Everolimus is a potential target treatment for TSC because
it

a) Inhibits the activation of mTOR
b) Inhibits the overactivation of mTOR
c) Inhibits the cell cycle
d) Inhibits the formation of blood vessels
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