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Abstract

Tuberous sclerosis complex (TSC) is a multisystem hereditary disorder characterized by the growth of benign tumors

(hamartomas) in multiple organs, including the kidneys. Renal angiomyolipomas (AML) are a major diagnostic feature of

TSC and are present in the majority of patients by adulthood. However, AML are usually asymptomatic during childhood when

neurological and developmental manifestations are the main source of morbidity. Kidneymanifestations of TSC have historically

been the main cause of morbidity and mortality of adults with TSC. The recognition that the complications of TSC are caused by

dysregulation of the mammalian target of rapamycin (mTOR) pathway has led to an enormous progress in the management of

patients with TSC in the last two decades, the establishment of diagnostic guidelines, and trials which have shown the therapeutic

benefit of mTOR inhibitors. Kidney surveillance of children with TSC now provides the opportunity for timely interventions to

reduce the impact of TSC in adulthood. In this review, we discuss the current management of kidney tumors associated with TSC,

including the diagnosis, surveillance, and treatment options for these lesions. We also present outcome data from international

registries demonstrating the effectiveness of the current management strategies. With clear management guidelines and efficient

treatment of kidney tumors, we envisage that the long-term outcomes of patients with TSC will further improve in the future.
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Introduction

Tuberous sclerosis complex (TSC) is a multisystem hereditary

disorder affecting over 1 million people worldwide with an

incidence of approximately 1:6000 live births [1, 2]. The clin-

ical manifestations of TSC are the consequence of loss-of-

function mutations in one of the two TSC genes leading to

the overactivity of the mammalian target of rapamycin

(mTOR) pathway. The main manifestation of TSC is the

growth of benign tumors (hamartomas) in multiple organs,

including the skin, the brain, the heart, the lungs, and the

kidneys.

In this educational review, we present the new information

published over the last decade with an emphasis on the diag-

nosis, management, and follow-up data of the kidney tumors

associated with TSC.

Genetics

There are two genes associated with TSC: TSC1 gene local-

ized to 9q24 chromosome and TSC2 gene localized to 16p13

chromosome [3]. The products of these genes are proteins

called hamartin and tuberin, respectively. These proteins to-

gether form the TSC complex that acts as a growth/tumor

suppressor as part of the mTOR pathway [4].

TSC is an autosomal dominant condition with complete

penetrance but variable expressivity which explains the vari-

ability of clinical manifestations even within the families.

About two-thirds of new TSC cases are due to de novo muta-

tions in one of the TSC genes. Disease-causing mutations are
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identified in approximately 85–90% of individuals with clin-

ical diagnosis of TSC by genetic testing. Approximately, 70%

of these are mutations involving the TSC2 gene. Apart from

being more common, TSC2mutations are also more severe as

the majority of these are loss of function mutations [5].

Diagnosis of TSC

The diagnosis of TSC is either clinical or genetic [6, 7].

Clinical diagnosis is based on a constellation of clinical signs

that have been grouped into major (11) and minor (6) criteria.

A definitive TSC diagnosis requires the presence of either two

major or one major and two minor criteria, while the presence

of one major or two or more minor criteria suggests possible

TSC diagnosis. Renal angiomyolipomas (AML) (at least 2)

are one of the major features, and multiple kidney cysts are

one of the minor features of TSC. Of note, a combination of

the two major features (lymphangioleiomyomatosis ([LAM)]

and AML) without other features does not meet criteria for a

definitive diagnosis of TSC. The identification of a pathogenic

mutation in either TSC1 or TSC2 from DNA obtained from

normal tissue is sufficient to make definite diagnosis of TSC

[7]. For the purpose of this diagnosis, a pathogenic mutation is

defined as a mutation that clearly inactivates the function of

the TSC1 or TSC2 proteins (out-of-frame indel or nonsense

mutation), prevents protein synthesis (large genomic dele-

tion), or a missense mutation whose effect on protein function

has been established by functional assessment [8, 9].

Clinical manifestations of TSC

While in the past, the clinical diagnosis of TSC was delayed,

and based on the investigations of patients presenting with

epilepsy, these days most patients with TSC are diagnosed

in infancy or early childhood [10]. With the advances in pre-

natal imaging, many cases of TSC are recognized antenatally

based on the finding of cardiac or brain lesions [11, 12].

Timely referral to centers with TSC expertise allows for ap-

propriate investigations (brain imaging, EEG recording) to

confirm the diagnosis of TSC before these children develop

seizures. As part of TSC surveillance, we perform kidney

imaging on all newborns with suspected TSC, even though

the kidney imaging is normal in a majority of infants.

Kidney manifestation of TSC

The most common kidney manifestations of TSC are

angiomyolipomas and cysts. Other tumors, such as renal cell

carcinoma or renal oncocytoma, are less common, especially

in children.

Angiomyolipomas

AML are benign tumors (hamartomas) of the kidney and, as

their names indicates, comprise immature vessels, muscle, and

fat cells (Fig. 1). The cell of origin of AML is unknown but

studies suggest that AML most likely derive from pericytes

(perivascular epithelial cells) [13]. Renal pericytes have the

ability to differentiate into various cell lines (plasticity) and

can accumulate lipids and support angiogenesis—the charac-

teristics of AML precursors. Genetic analyses have shown that

a second-hit (somatic) mutation in TSC1 or TSC2 genes leads

to the loss of heterozygosity of these precursor cells, leading to

unregulated mTOR pathway activity and eventually prolifer-

ation of the renal pericytes into immature vessels, muscle, and

fat cells [14].

AML start developing in patients with TSC early in life,

and by the age of 10 years, the majority of children will have

AML detectable on kidney imaging. AML are usually multi-

ple and bilateral, and their numbers and sizes increase with

increasing age [15]. Approximately 80% of adult patients with

TSC have AML in their kidneys. Children with AML are

usually asymptomatic but bleeding, pain, elevated blood pres-

sure, or even kidney impairment have been reported in chil-

dren with TSC.

The major complication associated with AML is spontane-

ous hemorrhage. Data collected in case series suggest that

hemorrhage is very rare in AML smaller than 3 cm in maxi-

mum diameter. Other factors that have been associated with

hemorrhage are the speed of growth and the size of

intralesional aneurysms [16, 17].

As most children with AML are asymptomatic and the

potential for complications increases with increasing size of

Fig. 1 Histopathology of angiomyolipoma. The tissue obtained by

kidney biopsy shows characteristic features of angiomyolipoma:

immature vessels of various calibers with abnormal vessel wall that are

prone to aneurysm development; areas of disorganized muscle cells and

fat cells (haematoxillin and eosin staining × 40 magnification); courtesy

of Dr Leo Francis, Pathology, Queensland

Pediatr Nephrol



these tumors , kidney survei l lance is warranted.

Recommendations by the International Tuberous Sclerosis

Complex Consensus Conference are to image kidneys at di-

agnosis of TSC and then every 1–3 years throughout lifetime

[18]. The preferred modality is magnetic resonance imaging

(MRI) because of the better structural assessment of the le-

sions, including the ability to identify lipid-poor lesions, the

ability to detect aneurysms in the feeding vessels, and the

ability to detect extrarenal hamartomas (Fig. 2). The drawback

of MRI is the requirement for general anesthetic in small chil-

dren and children who are unable to remain still during the

procedure. Kidney ultrasound is an acceptable alternative if

the tumors on initial MRI have typical appearance of AML

(Fig. 3). Any lipid-poor lesions should be subsequently im-

aged by MRI (see the “Lipid-poor AML” section).

Treatment of AML

With increasing size of AML, the risk of bleeding—the major

complication of a large AML—is significantly increased. In

the past, the only treatment options were either embolization

or surgical resection of AML. With the introduction of mTOR

inhibitors into clinical practice, the growth of these tumors can

be controlled and the use of invasive and potentially nephron

harmful procedures can be limited.

mTOR pathway inhibitors

The mTOR pathway, consisting of two complexes (mTOR

complex 1 and mTOR complex 2), is a constitutively active

pathway involved in normal cell growth and differentiation

[19]. mTOR complex 1 (mTORC1) activates protein transla-

tion, nucleotide, and lipid synthesis and is involved in angio-

genesis and lymphangiogenesis. mTOR complex 2

(mTORC2) controls glucose metabolism and is involved in

cell migration and cytoskeletal re-arrangement. In short,

mTORC1 controls “how much the cells grow” and

mTORC2 “where the cells grow.” The activity of mTORC1

is tightly controlled by TSC complex, comprising hamartin

(product of TSC1 gene), tuberin (product of TSC2 gene),

and TBC1D7 proteins. The TSC complex receives multiple

signals from other growth factors and pathways about the

availability of energy and oxygen required for growth. In this

tightly regulated and complex process, the TSC complex acts

as a “brake” on the mTORC1 complex preventing normal cell

overgrowth and growth of tumors (Fig. 4). In patients with

Fig. 2 Magnetic resonance imaging of angiolipomas. MRI demonstrates

multiple lesions in both kidneys, consistent with angiomyolipomas. T1

(a), T2 (b), and T1 fat-saturated post contrast (c) MRI sequences allow for

confirmation of composition of the lesions, including intralesional fat

content, helping in differentiation between angiomyolipoma and renal

cell carcinoma

Fig. 3 Angiomyolipoma on kidney ultrasound. Kidney ultrasound of the

right kidney demonstrates multiple angiomylipomas of various sizes.

Echogenicity of the lesions is typical and reflects high lipid content of

the lesions
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mutations in one of the TSC genes, mTORC1 is not regulated

in a usual way, becoming overactive with subsequent growth

of hamartomas. mTOR inhibitors are able to block the mTOR

pathway directly at the level of mTORC1.

After a few published case reports of the effectiveness of

mTOR inhibitors to decrease the growth of AML in TSC

patients, the landmark study on treatment of AML with

sirolimus was published in 2008 [20]. In this non-randomized,

open label, proof of concept trial, adults with TSC and AML

and/or LAMof the lungs (n = 20) received sirolimus with dose

adjustments based on the imaging response (decrease in size

of AML) and sirolimus target blood levels (up to 15 ng/mL).

The participants were treated for 12months and followed for a

further 12 months after stopping sirolimus. The primary out-

come was the size of AML at 12 and 24 months. There was at

least a 30% decrease in size of AML in 80% of patients in the

first 12 months of treatment. The average size of AML de-

creased by 47% at 12 months but increased after stopping

sirolimus to 86% of pre-treatment size at 24 months. This

study confirmed the clinical observation that mTOR inhibitors

are able to stop or decrease the growth of AML in patients

with TSC but also that ongoing treatment is necessary for

sustained effect.

Following the successful treatment of subependymal giant

cell astrocytomas (SEGA) in patients with TSC by mTOR

inhibitor everolimus (EXIST-1 trial), the EXIST-2 trial inves-

tigated whether this treatment can successfully control the

growth of AML and pulmonary LAM [21]. EXIST-2 was a

double-blind, placebo-controlled study in adults with TSC and

AML (at least 3 cm in diameter) or spontaneous LAM. The

patients were enrolled in a 2:1 fashion to receive either place-

bo or everolimus (fixed dose of 10 mg once a day; dose ad-

justments allowed based on the basis of safety findings) for at

least 6 months. The primary outcome was the proportion of

patients with at least 50% reduction in tumor volume in the

absence of new AML, significant increase of kidney volume,

and significant AML-related bleeding. Of 118 enrolled pa-

tients (79 everolimus and 39 placebo), 42% receiving evero-

limus and 0% receiving placebo achieved the primary out-

comes with a median time to response of 2.9 months. At 24

weeks, 55% and 80% of patient in the everolimus group had at

least 50% and 30% reduction of the size of AML, respective-

ly, vs. 0% (50% reduction) and 3% (30% reduction) in pa-

tients in the placebo group. The adverse effects of everolimus

treatment were generally mild with the most common side

effect being stomatitis and mouth ulcers. Thus, the results of

this study showed that everolimus is able to reduce the size of

AML in adult patients with TSC with an acceptable safety

profile. Positive results of this trial led to the approval of

everolimus for the treatment of AML in TSC patients in many

countries.

Following the favorable results in the EXIST-2 trial, par-

ticipants were offered to switch to open-label everolimus treat-

ment in an extension phase of this study. Four-year follow-up

of these patients has been reported [22]. The primary out-

comes of at least 50% reduction in AML size in the absence

Fig. 4 TSC and mTORC1

signaling pathway. TSC complex

controls the activity of mTORC1,

preventing cell overgrowth. In

patients with TSC gene

mutations, this control is lost,

leading to the growth of

hamartomas. mTOR inhibitors

block mTORC1 directly.

Reproduced from [13], used with

permission
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of new AML, significant increase of kidney volume, and sig-

nificant AML-related bleedingwere the same as in the original

EXIST-2 trial. Of the 112 patients, 58% had a reduction of

AML, with 97% of patients achieving the response at some

point in the study. Two-thirds of participants showed at least

50% reduction and 80% at least 30% reduction in the size of

AML at the end of the study. This study thus showed a

sustained reduction of AML in adult TSC patients with

AML and sporadic LAM over the long term with minimal

and acceptable side effects. A further analysis of the EXIST-

2 cohort tracked AML re-growth in 16 patients who had

discontinued everolimus [23]. This study showed AML re-

growth in 31% of patients over 48 weeks; however, re-

growth rates were not rapid.

These studies have demonstrated the effective and safe use of

everolimus in adults with TSC. A study published in 2018 re-

ported on the use of everolimus in children with TSC and AML

[24]. This was a post hoc analysis of the EXIST-1 trial in which

patients (including children) with TSC and SEGA were treated

with everolimus. The response rate was the same as in the

EXIST-2 trial. Of 33 children (< 18 years) enrolled in the study,

23 finished the study as per protocol. AML response rate was

achieved in 75.8% of patients with sustained reduction in the

size of AML over the 4-year period. At the end of the study,

over 80% of children had sustained at least 50% reduction and

over 90% sustained at least 30% reduction of the AML volume

(Fig. 5). Similar to the adult study, the side effects were minimal

and improved with time. This analysis showed for the first time

that everolimus is effective and well tolerated in children with

TSC and AML with sustained reduction of the AML size.

Long-term effects of everolimus on kidney function have

been studied in extension phases of EXIST-1 and EXIST-2

trials [25]. A total of 111 patients from the EXIST-1 trial

(including children) and 112 patients from the EXIST-2 trial

were analyzed. After approximately 4 years of treatment, the

mean estimated glomerular filtration rate (GFR) remained sta-

ble in both studies with, as expected, higher GFR in the

EXIST-1 trial with pediatric patients when compared with

Fig. 5 Effect of everolimus on

angiomyolipoma size in children

with TSC. a Mean (standard

deviation) reductions in the sum

of volume of target

angiomyolipoma lesions over

time, and b the proportions of

patients achieving an

angiomyolipoma volume

reduction of ≥ 50% or ≥ 30% over

time. Reprinted with permission

under Creative Commons license

(http://creativecommons.org/

licenses/by/4.0/) from [24]
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the EXIST-2 trial (115 vs. 88 ml/min/1.73 m2, respectively).

The decline of kidney function was predominantly confined to

patients with decreased kidney function at the start of the

trials. The authors also monitored the development of protein-

uria (one of the potential side effects of mTOR inhibitor treat-

ment). The incidence of proteinuria increased with the use of

everolimus (more evident again in the EXIST-2 trial) but was

mainly mild. The conclusion of this study was that the use of

everolimus in TSC patients does not appear to be nephrotoxic

and may preserve kidney function.

We have used everolimus in patients with TSC and AML

over the last 5 years. This medication is fully funded by the

Australian government for the indication of large SEGA or

visceral tumors associated with TSC. The initial approval is

for 3 months. For ongoing supply beyond 3 months, the re-

sponse to treatment (decrease in size of AML) must be demon-

strated. We treat large AML (3 cm or more in diameter). The

starting dose is usually 2.5 mg or 5 mg once daily (depending

on the size of the patient), and the dose is adjusted depending on

the trough blood level. We aim for the level of 5 ng/mL or

higher. Many children with TSC are receiving treatment with

enzyme-inducing antiepileptic drugs and may require higher

daily doses of everolimus to achieve desired therapeutic levels.

Response to therapy can be monitored by reduction in size of

AML or stabilization of growth of smaller lesions. The medi-

cation is usually well tolerated. Mouth ulcers are the most com-

mon side effect, and these improve with temporary decrease of

the dose of everolimus andwith time. Topical therapies, such as

sucralfate, triamcinolone, and benzocaine, may be used for

symptom control and to hasten the healing [26]. We advise

the patients and families to stop medication during the intercur-

rent infections and surgeries. We monitor urine for proteinuria

on early morning samples using protein/creatinine ratio.

Other treatment options for AML

Before the availability of mTOR inhibitors, large AML with

potential to bleed were electively treated with embolization to

decrease the size and prevent this complication (Fig. 6). This

treatment option is still the modality of choice in many coun-

tries that do not have access to mTOR inhibitors. The risk of

bleeding fromAML increases with the increasing size of these

tumors (by definition, large AML at risk of bleeding is defined

as > 4 cm in diameter) and if large aneurysm (> 5 mm) is

present in feeding arteries. Embolization is performed by an

interventional radiologist and is generally followed by admin-

istration of corticosteroids to minimize post-embolization syn-

drome (pain and fever post procedure) and sometimes antibi-

otics [27]. Embolization is also a procedure of choice for

already-bleeding AML. If surgical treatment of AML is re-

quired, nephron-sparing surgery (partial nephrectomy) is pre-

ferred [28]. Repeated embolization and any surgical procedure

might lead to the damage of the functioning kidney tissue and

should be avoided, if possible [18]. This treatment should

always be discussed with a surgeon experienced in the treat-

ment of kidney tumors.

Lipid-poor AML

Lipid-poor AML are characterized by minimal fat content,

which makes them more difficult to assess by kidney ultra-

sound. MRI is the imaging modality of choice for these le-

sions that may be large and characterized by progressive

growth. Differentiation from renal cell carcinoma (RCC) is

important. There are various imaging techniques used for dif-

ferentiation between AML and RCC [29]. In- and out-of-

phase MRI imaging is used commonly with fat content that

is present on in-phase images disappearing on out-of-phase

images (Fig. 7), the characteristic feature of AML.

Sometimes, the results of these studies are inconclusive, and

biopsy of the lesion is required. In our experience, the majority

of biopsied lesions in children with TSC are lipid-poor AML.

Cystic kidney disease in TSC

Cystic kidney disease is the second most common kidney man-

ifestation in patients with TSC after AML. Commonly, cysts

are detected early in life and are present in approximately half of

the patients with TSC [30, 19]. Themost severe cystic disease is

associated with TSC2/PKD1 contiguous gene deletion syn-

drome in which deletion of both of these genes on chromosome

16 predisposes patients to cyst development, usually in early

childhood [31] (Fig 8). Patients with TSC2/PKD1 mutation

often have a severe phenotype with urine concentration defects,

hypertension, and diminished kidney function with the risk of

developing kidney failure during the second or third decade of

life [32]. Otherwise, there is little evidence that small cysts seen

in young childrenwith isolated TSC2 or TSC1mutations lead to

any clinical consequences. Although there is some data that

mTOR inhibitors may reduce cyst number and size in patients

with TSC [33], there is a lack of evidence that mTOR inhibitors

preserve kidney function in patients with TSC2/PKD1 contig-

uous gene deletion syndrome.

TSC-associated renal cell carcinoma

The reported incidence of RCC in TSC patients is 2–4% [34].

This incidence is above the general population risk of 1%.

TSC-associated RCC develops at a younger age when com-

pared with the general population (~ 30 vs. ~ 55 years, respec-

tively). RCC is rare in childhood but has been reported [35],

even at a very young age [36, 37]. There is a higher risk of this
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cancer in patients with TSC2mutations, with presumed mech-

anism of loss of heterozygosity of the tumor cells (second hit

mutation) leading to malignant transformation of the cells

[38]. TSC-associated RCC are often multiple and bilateral;

they generally grow faster than AMLs and usually have no

lipid content. Various histological types of RCC have been

reported in TSC patients with papillary, clear cell, and chro-

mophobe histological types being the most common [34]. The

histological distinction between RCC and AML is based on

positive staining for either cytokeratin (positive in RCC) or

HMB-45 (positive in AML). The treatment of RCC is based

on the staging of the tumor and includes various combinations

of surgical resection, radiotherapy, and immunotherapy and/

or molecularly targeted therapy [39].

Renal oncocytoma

Renal oncocytoma is a very rare benign tumor of the kidney

that has been described in TSC patients [40, 41]. Despite the

Fig. 6 Elective embolization of

large angiomyolipoma. Large

(14 cm in diameter)

angiomyolipoma (AML) of the

right kidney on CT scan (a);

elective embolization of the AML

(b); follow-up CT scan demon-

strates significant decrease in the

size (7 cm in diameter) of AML

(c), confirmed on post-

embolization angiography (d)

Fig. 7 In- and out-of-phase MRI

imaging of lipid-poor

angiomyolipoma. T1 in-phase

and T1 out-of-phase sequences.

T1 in-phase sequence (a) does not

show typical high fat content of

the lesion (arrow); T2 out-of-

phase sequence (b) shows small

areas of signal drop out (arrow)

confirming microscopic areas of

fat in the lesion, suggestive of

lipid-poor angiolipoma
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fast growth similar to RCC and often large size of this tumor,

it is never invasive. In contrast to RCC, renal oncocytomas are

usually solitary and unilateral tumors. The histological diag-

nosis of oncocytoma is based on intensely eosinophilic gran-

ular staining of the cells of the tumor, reflecting large numbers

of mitochondria [42]. The treatment of choice for oncocytoma

is surgical resection.

Long-term kidney outcomes in TSC

Lifetime risk of kidney failure in patients with TSC is proba-

bly ~ 1% [43, 44]. The risk factors for kidney failure are AML

and cyst burden, prior surgeries and embolizations, uncon-

trolled hypertension, and underlying chronic kidney disease.

A small number of patients with TSC2 mutations may have a

contiguous deletion involving the PKD1 gene and present

with a severe polycystic kidney phenotype. Patients with a

contiguous gene mutation may develop hypertension in early

childhood and progress to kidney failure by early adulthood.

The long-term renal follow-up of patients with TSC is

therefore essential. The data on long-term management and

outcomes of these patients have historically been sparse, es-

pecially in children, but in recent years, international collabo-

ration has yielded important information in this field. One of

the most successful collaborations has been TuberOus

SClerosis registry to increase disease Awareness (TOSCA)

Registry [45]. TOSCA is a multicenter, international disease

registry that aims to assess manifestations, interventions, and

outcomes in patients with TSC. The TOSCA registry core

dataset includes data on epidemiology, genetics, and clinical

presentation, including organ-specific data. The kidney

dataset includes the characteristics of AML (bilateral, multi-

ple, size, and growth), clinical symptoms and signs, manage-

ment of AML, and effects of age, gender, and genotype on

these tumors. The first results of this important collaboration

have recently been published [15]. Over 2000 patients (includ-

ing children) with TSC from 170 sites in 31 countries have

been enrolled. The median age at diagnosis of TSC was 1 year

(range < 1 to 69 years) with 52% female predominance. Of

approximately half of the patients who had been genetically

tested, the majority had TSC2 mutation (64.4%), followed by

TSC1 mutation (19.7%). Six patients (0.6%) had both TSC1

and TSC2 mutations, while no mutation was identified in

14.4% of patients. As expected, the presence of AML in-

creased with age of patients (Fig. 9). Less than 10% of patients

2 years old or younger had AML, while approximately half of

the patients had AML detected on imaging by the age of 10

years. By adulthood, ~ 80% of patients had AML in their

kidneys. In the whole cohort, AML were present in the ma-

jority of patients (51.8%), more commonly in females

(57.8%). Median age at diagnosis of AML was 12 years.

Fig. 8 Cystic kidney disease in

TSC. Ultrasound of the right

kidney in a 1-year-old child with

TSC and TSC2/PKD1 contiguous

gene deletion syndrome showing

massively enlarged kidney con-

taining multiple large cysts

Fig. 9 Prevalence of renal angiomyolipomas across age groups.

Reprinted with permission under Creative Commons license (http://

creativecommons.org/licenses/by/4.0/) from [41]
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The prevalence of AMLs was higher in patients with TSC2

mutations. The majority of AML were multiple (88.4%) and

bilateral (83.9%). Larger AML (> 3 cm in diameter) were

present in 34.3% of patients. Most patients were asymptom-

atic (82%) but if they developed clinical problems, the most

common symptoms and signs were bleeding, pain, elevated

blood pressure, and impaired kidney function. The most com-

mon modality of treatment was embolization followed by

mTOR inhibitors. The TOSCA registry provides a valuable

insight into the burden, clinical characteristics, complications,

and treatment of AML in patients with TSC.

Conclusions

Kidney tumors, mainly AML, are an important feature of

TSC. Most children with TSC will have AML diagnosed

by medical imaging by adult age. Large AML have a po-

tential to bleed and are therefore an important source of

morbidity in TSC patients. The majority of AML, howev-

er, remain small and clinically asymptomatic. It is there-

fore important to continue surveillance for these tumors

throughout the lifetime of TSC patients. We now have

well-defined guidelines for the surveillance and the man-

agement of AML. With the addition of mTOR inhibitors to

our armamentarium of TSC treatments, there is a hope that

the need for invasive procedures, such as embolization or

surgical resection, will decrease with time, with better

preservation of functioning kidney tissue of TSC patients.

There is evolving evidence that the kidney outcomes of

TSC patients with AML have improved in recent decades

as a result of medical rather that surgical management of

the tumors, as highlighted by the data from the TOSCA

trial demonstrating decreasing rates of invasive surgical

interventions and low accumulative prevalence of bleeding

from AML [45]. As kidney complications are currently the

main cause of morbidity/mortality of adult patients with

TSC, we hope that we will be able to change the future

of these patients.

Key summary points

1) Renal angiomyolipomas (AML) develop in 80% of peo-

ple with tuberous sclerosis complex (TSC) by adulthood. The

risk of hemorrhage increases as AML increase in size above

3 cm in diameter.

2) All children with TSC should undergo regular surveil-

lance with kidney imaging.

3) Randomized controlled trials have shown that mTOR

inhibitors are effective in reducing growth and size of AML

in patients with TSC.

4) Early initiation of mTOR inhibitors may reduce the need

for embolization and/or nephrectomies and lead to preserva-

tion of kidney function.

5) Renal cell carcinoma occurs rarely in TSC but needs to

be differentiated from lipid-poor AML.

Multiple-choice questions (answers follow
reference list)

1 Which of the following statements about the genetics of

tuberous sclerosis complex (TSC) is correct?

A TSC is inherited in an autosomal recessive fashion.

B If a family has a child with TSC, there is at least a 50%

chance their next child will have TSC.

C The expression of TSC within affected families is

very variable.

D Most children with TSC have a mutation affecting the

TSC1 gene.

E A positive genetic test is required to make the diagno-

sis of TSC.

2 Which one of the following statements about the renal

manifestations of TSC is correct?

A Angiomyolipomas are visible on kidney imaging in

50% of newborns with TSC.

B Kidney cysts are an uncommon finding in TSC except

when there is a contiguous gene mutation of TSC2

and PKD1.

C Lipid-poor renal lesions are typically malignant.

D The prevalence of renal cell carcinoma is higher in

children with TSC than in the general age-matched

population.

E Hypoplastic kidneys are a cardinal feature of TSC.

3 Which one of the following statements about mTOR in-

hibitors in TSC is correct?

A Angiomyolipomas may regrow if treatment with an

mTOR inhibitor is withdrawn.

B Everolimus has been shown to be more effective than

sirolimus in management of renal angiomyolipomas.

C Low-dose tacrolimus has a synergistic effect

with everolimus to prevent growth of renal

angiomyolipomas in TSC.
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D Antiepileptic drugs typically inhibit the cytochrome

P450 pathway.

E Oral mTOR inhibitors have not been approved for use

in children with TSC.

4 Which of the following statements about kidney screening

in TSC best represents the current international consensus

guidelines?

A An abdominal CT scan should be performed when

TSC is suspected.

B Kidney MRI should be performed every 5 years dur-

ing childhood.

C Kidney imaging should occur every 1 to 3 years

throughout life.

D Serum creatinine should be measured annually.

E DMSA kidney scan should be used if a lipid poor

lesion is suspected.

5 A kidney ultrasound has been performed in a 15-year-old

girl with TSC. The ultrasound shows an echogenic lesion

in the upper pole of the right kidney measuring 6.5 × 4 cm.

The patient has not had flank pain or hematuria. Which of

the following statements is most correct?

A Spontaneous hemorrhage occurs in more than 60% of

renal angiomyolipomas that are greater than 3 cm in

diameter.

B Therapy with everolimuswould be expected to lead to

a reduction in size of the lesion over 6 to 12 months.

C A CT angiogram is indicated to screen for intralesional

aneurysms.

D A biopsy of the lesion is indicated to exclude a renal

cell carcinoma.

E Intervention is not indicated as there is a low risk that

this lesion will continue to grow.
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