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Abstract

Tuberous sclerosis complex (TSC), also known as Bourneville’s disease, is a rare genetic disease with autosomal 
dominant inheritance in which kidney is one of the major organs involved. The disease is characterized by wide-
spread appearance of benign mesenchymal tumors in virtually any organ, but especially in the brain, skin, kidneys, 
lungs, heart, and eyes. The most prominent feature of the tumors found inside the kidneys is the angiomyolipoma 
(AML) structure, rich in abnormal blood vessels. Because of these dysplastic vessels, tumors larger than 3 cm are at 
increased risk of spontaneous retroperitoneal hemorrhage, with Wünderlich syndrome and eventually death due to 
hemorrhagic shock. Another risk of renal AMLs is chronic kidney disease because of displacement of normal renal tis-
sue due to multiple and bilateral tumors. Kidney involvement is thus a major cause of morbidity and mortality in this 
population. Until recently, AML’s embolization or surgery with total or nephron-sparing nephrectomy were the only 
therapeutic options for TSC-associated AMLs at high risk of rupture or with established massive bleeding episode. 
Since abnormal TSC genes mutation disrupt mammalian target of Rapamycin (mTOR) pathway with abnormal cells 
proliferation, treatment with mTOR inhibitors emerged as a new therapeutic option for TSC patients. In this article 
we review the genetic basis, diagnostic criteria, and major features of kidney involvement together with therapeutic 
options for TSC-associated renal AML.
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l Introduction
Short history. Tuberous sclerosis complex, also 

known as Bourneville’s disease, is a relatively rare au-
tosomal dominant disease with multisystem involve-
ment. It is a neurocutaneous disorder (phakomatosis)
or hamartomatosis (like neurofibromatosis 1 and 2, 
and von Hippel-Lindau disease) with variable clinical 
picture from patient to patient,in which multiple be-
nign tumors of the embryonic ectoderm may develop 
in any organ. In 1835 French dermatologist Pierre Rayer 
published a dermatological atlas in which he present-
ed a facial drawing considered now to be the earliest 
image of a TSC patient1. The initial report comes from 
von Recklinghausen back to 1862 who described the 
association between sclerotic brain lesions and cardi-
ac rhabdomyomas in an autopsy from a newborn. In 
1880 Désiré-Magloire Bourneville describes a patient 
with brain lesions akinto “hard potatoes”, or “sclérose 
tubéreuse”2. Balzer and Ménétrier described the facial 
angiofibroma but,since they didn’t perform any his-
tological studies, they incorrectly called it „adenoma 
sebaceum”, because they are neither adenoma nor de-
rived from the sebaceous gland. The first report in the 
english medical literature belongs to John James Prin-
gle who described in 1890 a 25-years old female with 
skin papules and intelectual disability3. In 1908,Ger-
man neurologist Heinrich Vogt associated skin changes 
with epilepsy and mental retardation in the triad of di-
agnosis which now carries its name4. The first recogni-
tion of TSC as an autosomal dominant disorder belongs 
to Berg back in 19135. The Vogt triad was replaced by 
first diagnostic criteria elaborated by Manuel Gomez in 
1978, who also demonstrated that all the three symp-
tomsfrom the triad are present in only one third of TSC 
patients. Linkage analysis of 19 affected families iden-
tified in 1987 the TSC1 gene (encoding hamartin) lo-
cated on chromosome 9p. Later on, in 1992, TSC2 gene 
(encoding tuberin) was identified; the discovery was 
favoured by identification of polycystic kidney disease 
type 1 (PKD1) gene, since both genes are located close 
to each other, on chromosome 16q. On 2010, the Food 
and Drug Administration  (FDA) granted accelerated 
approval for everolimus for the treatment of   patients 
with  TSC who have subependymal giant cell astrocy-
toma (SeGA) that requires therapeutic intervention but 
are not candidades for surgery and in 2012 the same 
drug was approved for the treatment of adults with, 
TSC-associated renal angiomyolipoma (AML) who do 
not require immediate surgery or embolization.

Epidemiology. TSC is a rare genetic disease. It has 

an incidence around 1:8000-1:6000 of live births.The 
prevalence in children under 10 years of age is estimat-
ed to be 1:14000-1:12000 6. However, prevalence might 
be a little bit higher, since less affected individuals 
might be misdiagnosed. 

Pathogenesis. TSC is an autosomal dominant in-
herited disease with 100% penetrance, but 60-70% of 
patients are sporadic cases with no family history due 
to de novosomatic mutations. Linkage analysis identi-
fied two major genes involved in up to 75% of affect-
ed individuals. Nevertheless, in 15-20% of patients no 
mutations are identified even with the most sensitive 
assays, probably because other genes, yet not identi-
fied until know, may be involved, and also because of 
somatic mosaicism; usually these patients have milder 
forms of disease, especially regarding neurological and 
dermatological involvement7. The two genes described 
are TSC1 gene (on chromosome 9p34, with 21 coding 
exons and 2 leader exons) encoding hamartin (130 
kDa), and TSC2 gene (on chromosome 16q13.3, with 
41 coding exons and 1 leader exon) encoding tuberin 
(198 kDa). TSC2 gene mutations are involved in up to 
80% of sporadic cases, being also associated with the 
most severe forms of the disease, while in the familial 
cases both genes are found in equal distribution. At the 
moment we are writing this article, 857 allelic variants 
were identified for TSC1 gene, and 2447 for TSC2 gene 
(http://chromium.lovd.nl/LOVD2/TSC/home.php?se-
lect_db=TSC1 ordb=TSC1), however not all of them are 
pathogenic. There are a wide range of mutations, in-
cluding deletions, insertions, nonsense, missense and 
rearrangements. A large deletion and rearrangement 
involving both PKD1 and TSC2 genes generates the 
TSC2/PKD1 contiguous gene syndrome in which TSC dis-
ease is associated with sever forms of autosomal dom-
inant polycystic kidney disease with an early debut in 
childhood and a rapid progress towards end stage re-
nal disease in adolescence. 

Since both TSC1 and TSC2 are tumor suppressor 
genes, for the disease to develop a second somat-
ic mutation of the other TSC1or TSC2 allele (with the 
consequence loss of heterozygosity, LOH) is required, 
in agreement with “two hit” hypothesis of the Ameri-
can geneticist Alfred Knudson. LOH is demonstrated 
in most of the TSC features, especially in angiomyoli-
poma (AML), pulmonary lymphangioleiomyomatosis 
(LAM) and skin angiofibroma, but it might be absent 
in some neurological manifestations, especially in cor-
tical tubers and subependymal giant cell astrocytoma 
(SeGA)8. LOH explains the high phenotypic variation of 
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lthis disease even among the members of the same af-
fected family and also explains why TSC1 mutations are 
associated with milder forms of disease compared with 
TSC2, due to a reduced incidence of second hit events 
in different organs9. 

Hamartin and tuberin interact with each other to 
form heterodimers inside the Golgi apparatus. Tuber-
in has a highly conserved GTPase activating-protein 
(GAP)-related domain. Tuberin’s GAP activity is stim-
ulated by interaction with hamartin, and hamartin is 
also important for normal subcellular localization of 
tuberin10. Under unstimulated conditions, the tuber-
in/hamartin complex has a strong GAP activity upon 
Rheb (Ras homolog enriched in brain), which is a GT-
Pase belonging to the Ras superfamily. Rheb is a major 
regulator of the formerly called mammalian target of 
rapamycin (mTOR) protein, now renamed mechanistic 
target of rapamycin, since it is a very well preserved 
protein across a broad range of species, from Dro-
sophila to humans. mTOR is a serine/threonine kinase 
which interacts with raptor and GbL to form mTORC1 
complex, or with rictor to form mTORC2 complex. The 
downstream targets of activated mTORC1 are the ribo-
somal S6 kinases and the eukaryoticinitiation factor 4e 
(eIF4e)-binding protein, leading to protein synthesis, 
ribosome biogenesis, transcription,and autophagy.Dif-
ferent cytokines, growth factors and hormones (such 
as insulin) stimulate TSC1/TSC2 complex by phosphor-
ylating TSC2 on at least five sites, and thus they inhibit 
TSC2 to act as a Rheb-GAP11.This way functional TSC1/2, 
through inactivation of Rheb, acts as a brake on protein 
synthesis stimulated by different factors and thus it in-
hibits cells growth andproliferation (Figure 1).

Figure 1: Role of mTOR pathway in normal cells and its aberrant regula-
tion in TSC patients

In TSC patients, mutations of either TSC1 or TSC2 
generates non-functional tuberin/hamartin complex-
es, disrupts regulation of mTOR pathway with over-
activation of the mTOR cascade and so uncontrolled 
cells proliferation and migration appear. mTORC2 roles 
ale less well understood compared with mTORC1, the 
major function known until now being the regulation 
of actin cytoskeleton dynamics, lipid biosynthesis,ep-
ithelial to mesenchymal transition and cellular surviv-
al11.The immunosuppressor rapamycin (also known as 
sirolimus), the first discovered member of the mTOR 
inhibitors, acts similar to normal TSC1/TSC2 complex, 
by inactivating mTORC1. mTORC2 cannot be directly 
inhibited by rapamycin. However, in vitro prolonged 
treatment with rapamycin of different cell lines can 
indirectly inhibit mTORC2 activity by preventing de 
novo mTORC2 assembly12. It seems that some of the 
clinical features of TSC patients, such as cortical tubers, 
hypomelanotic skin maculae, renal AMLs and especial-
ly renal cysts are dependent not only on mTORC1, but 
also on the non-canonical mTORC2 pathway, thus ex-
plaining insensitive responses to mTOR inhibitors ob-
served in some patients13. 

The renal manifestations of TSC include both epi-
thelial (cysts, oncocytomas and carcinomas) and mes-
enchymal (AMLs) tumors. AMLs consist ofdysplastic 
blood vessels, immature smooth muscle and fat cells, 
and the same type of LOH of either TSC1 or TSC2 has 
been demonstrated in all of these three structures, sug-
gesting a common origin from a progenitor cellderived 
from mesenchyme14.  

Clinical features. Although considered to be a sys-
temic disease, clinical manifestations of TSC are highly 
variable even between the members of the same af-
fected family, mainly because of the second-hit phe-
nomenon. The main characteristic is the appearance of 
hamartomas in multiple organs (benign tumors made 
from tissue structures normally found at the place of 
growth). The typical hamartomas are cortical tubers, 
renal cysts and cardiac rhabdomyomas, while other 
tumors, such as renal AMLs do not exactly fit into this 
definition. Also, although hamartomas are typically 
benign, there are two exceptions in TSC: pulmonary 
lymphangioleiomyomatosis (LAM), even it has a be-
nign structure, it is considered to be a metastasis usu-
ally from a renal AML, and patients may develop ma-
lignant kidney tumors, such as renal cell carcinoma, or 
malignant AML. 
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l A. Extrarenal manifestations
Neurological manifestations are very complex and 

consist of cortical tubers, epilepsy, internal hydroceph-
alous because of subependymal giant cell astrocytoma 
(SeGA) and TSC Associated Neuropsychiatric Disorders 
(TAND) which includes intellectual disabilities (ranging 
from mild to severe impairment), autism spectrum dis-
orders, psychiatric disorders, as well as schoolandoccu-
pationaldifficulties[10].epilepsy is seen in up to 90% of 
TSC patients and all types of seizures may develop in 
thisdisease; itmaybevery difficult to treat and it was ob-
served a direct relationship between the age of onset of 
theseizures, theirseverityand the severity of intellectual 
disability15,16. Subependymal nodules (SeN) are asymp-
tomatic hamartomas developing in the walls of the third 
and lateral ventricle and they are best seen on brain MRI. 
In up to 10% of patients SeN may grow and transform 
into SeGA, benign tumors but with an increased risk of 
internal hydrocephalous, focal neurological deficits, de-
terioration of seizure control and even death because 
they may obstruct the foramen of Monroe.

Skin, ungual, teeth and gingival manifestations. They 
are observed in almost all the patients, thus being very 
helpful as a diagnostic tool.They impair the quality of life, 
especially because of the facial abnormalities. These find-
ings include facial angiofibromas (usually with a butter-
fly-shape disposition), shagreen patches, hypomelanotic 
macules (with the alternative of confetti-like lesions, eas-
ily diagnosed with the help of a Wood lamp especially in 
fair skin patients), ungual fibromas (at both hands and 
feet, with nail dystrophy and difficulties during walk), 
gingival fibromas and enamel pits (Figure2).

Figure 2: Multiple facial angiofibromas and one fibrous cephalic plaque 
in a 29 years old TSC female patient

Pulmonary manifestations. It consists of pulmonary 
cysts, multifocal micronodular pneumocytes hyperpla-
sia, and lymphangioleiomyomatosis (LAM) which is by 
far more often observed in female compared to male 
patients. It may manifests as spontaneous pneumotho-
rax, obstructive pulmonary dysfunction at spirometry, 
progressive exertional dyspnea up to advanced respi-
ratory failure, and finally death in the absence of lung 
transplantation. 

Cardiac lesions. Most of the TSC newborns have car-
diac rhabdomyomas, but usually they remain asymp-
tomatic and due to an unknown factor they regress 
afterwards. Nevertheless, in some patients they may be 
the origin of cardiac arrhythmias, or valvular dysfunc-
tion, or they may be involved in developing of heart 
failure.

Retinal lesions. They may appear in up to 90% of pa-
tients and they usually consist of retinal hamartomas or 
depigmented areas in the retina (similar to hypomela-
notic skin macules). They usually remain asymptomatic 
unless the hamartomas don’t involve the macular area 
or in some cases they may provoke retinal detachment 
or vitreous hemorrhage.   

Solid organ angiomyolipomas. Although kidney is 
the major site for the development of this type of tu-
mor, AMLs may be seen in other solid organs, especially 
liver, but also in spleen, pancreas, uterus, etc. Similar to 
the kidney AMLs, those developed in any other organ 
may have the risk of spontaneous bleeding or rupture 
depending on the tumor size.

B. Renal manifestations
The two most common kidney pathologies in TSC 

are renal angiomyolipomas and cysts. Kidney involve-
ment is the most common cause of morbidity and mor-
tality in adult TSC patients.In a large cohort study which 
followed 244 TSC patients for 22 years, patients with 
low or very low cognitive function had an increased risk 
of all-cause mortality, independent of the highestAML 
stage (HR 2.97; p = 0.02)17. Intellectual disability in TSC, 
often associated withcommunication challenges and 
behavioral issues, can prove to bea barrier to proper 
diagnosis and optimal care.Additionally, in many cases, 
the guardians of these patients objectto the more ag-
gressive treatments, such as dialysis or surgery.

Angiomyolipomas. 20% of all renal angiomyolipoma 
are diagnosed in TSC, and up to 80% of all TSC patients 
will develop renal AMLs during their lifetime. The me-
dian age of diagnosis is around 8-10 years of age, but 
they continue to grow especially during adolescence, 
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lwith a faster speed in women compared to male, be-
cause of the presence of estrogen and progesteronere-
ceptors on the tumors, thus explaining why the cumu-
lative risk of hemorrhage is also higher in females (18% 
versus 8%)18. AMLs are benign mesencymal tumors 
consisting of abnormal blood vessles, smooth muscle 
cells and adipose tissue. AML belongs to the PeC-oma 
familly of tumors, since they are thought to have the 
origin from a progenitor cell called the perivascular 
epithelioid cell (PeC). Compared with the AMLs diag-
nosed in the general population, TSC- associated renal 
AMLs are usually much bigger, multiple, usually bilater-
al, and histologically they often present as microscop-
ic AML, they are associated with epithelial cysts and 
they contain an epithelioid component (presence of all 
these three features being highly suspicious of TSC)19. 
encroachment of AMLs into normal renal tissue may 
lead to hypertension and progressive kidney distruc-
tion with chronic kidney disease and finally end stage 
renal disease (eSRD). It is estimated that the prevalence 
of eSRD in TSC patients is around 7% 17. 

The major morbidity related to AMLs are their risk of 
spontaneousbleeding (Figure3). As AMLs enlarge, their 
displastic blood vessels will develop micro- and macro- 
aneurysms because they have very thin walls that are 
at risk of rupture. It is considerred that ALMs with a di-
ameter higher than 3-4 cm and with aneurysms larger 
than 5 mm are at increased risk of bleeding20. Common 
symptoms and signs include flank pain, abdominal pal-
pable masses (because of enlarged kidneys) and gross 
haematuria, but the major risk is Wünderlich syndrome, 
with major retroperitoneal bleeding, hemorrhagic 
shock and death in the absence of prompt interven-
tion. The risk of hemorrhage from renal angiomyolipo-
mas in patients with TSC is estimated to be between 25 
and 50 %21.

Figure 3: Con-
trast-enhanced 
abdominal 
CT scan, 
sagital section: 
subacute 
hematoma 
in the lower 
pole of the left 
kidney after 
spontaneous 
bleeding of a 
big AML (29 
years old TSC 
female patient)

Fat-poor AMLs are not uncommon in patients with 
TSC, and they are difficult to be distinguished from 
renal cell carcinoma (RCC) at imagistic studies and 
sometimes even at histological evaluation by an in-
experienced pathologist. If there is doubt and lesions 
are growing faster than 0.5cm per year,a needle biopsy 
or an open biopsy may be considered[22]. AMLs have 
immunoreactivity for both melanocytic (HMB-45 and 
melanin-A antibodies) and smooth-muscle markers 
(actin and desmin). Thus, immunohistochemical stud-
ies using HMB-45 and melaninA as markers for AML are 
useful for differential diagnosis between fat-poor AML 
and RCC in difficult cases23.

A rare complication of renal AML, reported until 
now in 44 TSC patients, is renal vein thromobosis with 
tumor thrombus extension into the inferiorvena cava24. 
Our nephrology Department has in evidence a 28-years 
old TSC female patient who developed pulmonary em-
bolism at 22 years of age because of a partial right renal 
vein thrombosis coming from a kidney AML (data not 
published). 

Renal cysts are seen in up to 30-45% of patients 
and they are rarely symptomatic, since they are usually 
small lesions. 1-3% of patients have germline deletions 
involving not only TSC2 gene, but also the adjacent 
PKD1 gene (the contiguous gene syndrome). They will 
develop a severe form of polycystic kidney disease with 
kidney failure during childhood and need for renal re-
placement therapy in the second decade of life. 

Renal cell carcinoma. Prevalence of RCC is similar in 
TSC compared with the general population, around 
2-3%. However, disease develops at an earlier age in TSC, 
30 versus 50 to 60years, and primarily in women. Also, 
there is a high pathological heterogeneity of RCC in TSC: 
besides clear-cell subtype, also chromophobe and papil-
lary types were described, and also oncocytomas25.

Nephrolithiasis is more common in TSC patients 
compared to the general population, as a complication 
of some treatments used for epilepsy (such as topira-
mate or ketogenic diet), and also because of the renal 
disease itself (especially in patients with contiguous 
gene syndrome23.

Diagnosis
The first criteria for diagnosis belong to Hienrich 

Vogt who defined the triad of diagnosis (epilepsy, 
mental retardation and characteristic skin changes), 
but which is found in only one third of all the TSC pa-
tients. The truly first diagnostic criteria were elabo-
rated by the American neurologist of Spanish origin  
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l Manuel Rodriguez Gomez (Figure4)who published in 
1979 a monograph regarding TSC in which he estab-
lished comprehensive diagnostic criteria.

Figure 4. 
Manuel  

Rodriguez Gómez  

(1928-2006)

In 1998 the Tuberous Sclerosis Complex Consensus 
Conference issued revised diagnostic criteria (by re-
viewing the Gómez criteria); these criteria were once 
more revised in 2012, which is now the current diag-
nostic standard (Table 1).

Table 1: Updated diagnostic criteria for tuberous sclerosis complex 2012[26]

Management of TSC-associated kidney involvement. 

Renal cysts. Renal cysts develop in up to 50% of TSC pa-
tients, they may be unique or multiple and bilateral and 
they have a tendency to grow with age. Usually they are 
asymptomatic, but larger cysts have the risk of infection or 
hemorrhage. Infection needs prolonged treatment with 
antibiotics, preferably with lipid-soluble ones- the com-
bination of choice is those between a quinolone (such as 
levofloxacin) and a third generation cephalosporin, for 3-6 
weeks; in refractory cases, percutaneous drainage of the 
infected cyst or even open surgery might be indicated. 
Bleeding cysts are usually treated by bed rest and intrave-
nous hemostatics (like vitamin K, ethamsylate), but some 
patients need embolization of the bleeding cyst or open 
surgery. In patients with contiguous gene syndrome pro-
gression towards eSRD is usually fast during the first two 
decades of life; although disregulation of mTOR pathway is 
also involved in cysts development, treatment with mTOR 
inhibitors did not proved to be beneficial for these cases in 
order to stop or at least delay the progression of chronic 
kidney disease27. 

A. Genetic diagnostic criteria:
The identification of either a TSC1 or TSC2 pathogenic mutation in DNA from normal tissue is sufficient to make a definite diag-
nosis of TSC. A pathogenic mutation is defined as a mutation that clearly inactivates the function of the TSC1 or TSC2, prevents 
protein synthesis, or is a missense mutation whose effect onprotein function has been established by functional assessment 
(www.lovd.nl/TSC1, www.lovd/TSC2, and Hoogeveen-Westerveld et al., 2012and 2013). Other TSC1 or TSC2 variants whose effect 
on function is less certain do not meet these criteria, and are not sufficient to make adefinite diagnosis of TSC. 10% to 25% of TSC 
patients have no mutation identified and a normal resultdoes not exclude TSC, or have any effect on the use of clinical diagnostic 
criteria to diagnose TSC.

B.Clinical diagnostic criteria:
Definite diagnosis: Two major features or one major feature with >2 minor features
Possible diagnosis: either one major feature or >2 minor features

Major 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 dysplasias (include tubers and cerebral white 
matter radial migration lines)
7. Subependymal nodules
8. Subependymal giant cell astrocytoma
9. Cardiac rhabdomyoma
10. Lymphangioleiomyomatosis (LAM)*
11. Angiomyolipomas (>2)*
*A combination of the two major clinical features (LAM and angi-
omyolipomas) WITHOUT other features does not meet criteria for 
a definite diagnosis.

Minor features
1. “Confetti” skin lesions
2. Dental enamel pits (>3)
3. Intraoral fibromas (>2)
4. Retinal achromic patch
5. Multiple renal cysts
6. Nonrenal hamartomas
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lRenal cell carcinoma. Surveillance of TSC patients is 
very important, especially in those with fat-poor renal 
AMLs in order to differentiate them from RCC. Com-
pared with the general population, TSC-associated RCC 
usually has a more indolent course27. Nephron-sparing 
nephrectomy (preferably), or total one-sided nephrec-
tomy are the treatment of choice; whenever it is pos-
sible, surgery is also indicated in advanced metastatic 
disease, because some TSC patients may experience 
regression of the metastases following nephrectomy27. 
mTOR inhibitors with tyrosine kinase activity (everoli-
mus and temsirolimus) are suggested to be the first-
line option as palliative treatment in TSC-associated 
advanced metastatic RCC28; other options include an-
ti-VeGFR drugs (such as sorafenib, sunitinib), and im-
munotherapy with interleukin 2 in high doses27.

Nephrolithiasis. Preventive measures are very im-
portant and also easy to accomplish, consisting in ad-
equate hydration and supplements with citrate. There 
are some precautions that need to be taken into ac-
count regarding minimally invasive techniques when 
treating kidney stones in TSC. extracorporeal shock-
wave lithotripsy has the risk of kidney subcapsular he-
matoma in TSC because of multiple shock waves. Per-
cutaneous nephrolithotomy has the risk of accidentally 
puncturing an AML during access creation through the 
kidney to the collecting duct. For all these reasons, it 
seems that ureteroscopic stone removal is the best ap-
proach for kidney stones treatmentin TSC patients29.

Renal angiomyolipoma. Renal AML is the most fre-
quent and most severe kidney involvement in TSC, be-
ing associated with retroperitoneal bleeding because 
of aneurysms and/or progressive kidney distruction 
because of AMLs encroachment in normal tissue. Ac-
cording to 2012 TSC management guidelines, at the 
time TSC is diagnosed, abdominal imaging should be 
obtained regardless of age, and MRI is the gold stan-
dard (it is more sensitive compared to ultrasound or CT 
scan because many AMLs are fat-poor and so they may 
be missed at these exams)22. At the same time, mea-
surement of blood pressure and estimation of glomer-
ular filtration ratio (eGFR) are also mandatory22. Once 
the diagnosis of TSC is established, continued renal sur-
veillance is necessary to monitor progression.  Annual 
clinical assessment of renal function and blood pres-
sure is required. If hypertension develops, renin-an-
giotensin-aldosterone inhibitors (either angiotensin 
converting enzyme inhibitors- ACeI, or aldosterone 
receptor blockers- ARB) are the drugs of choice, but in 
patients receiving everolimus ACeI should be avoided 

due to drug-to-drug interactions. MRI of the abdomen 
to assess for the progression of AML and renal cystic 
disease has to be done every 1-3 year (depending on 
the progression speed) throughout the lifetime of the 
patient; if MRI is not available, ultrasound or CT scans 
may be used instead, but they are less sensitive[22].Bi-
opsy of a fat-poor AML to differentiate it from RCC may 
be indicated in case of a rapid grow tumor, or if other 
suspicious lesions are present (central necrosis, calci-
fications, hypoechoic halo, or intratumoral cysts)30,31.
Dietary measures are necessary in patients develop-
ing CKD, while renal replacement therapies (dialysis 
or transplantation) are needed in those with eSRD, 
although these may be very problematic especially in 
patients with low and very low cognitive function. In 
patients with very large kidneys, one-sided or bilateral 
nephrectomy may be necessary before transplanta-
tion. Also, in case of large AMLs (which pose a great risk 
of bleeding), post-transplant immunosuppresion using 
mTOR inhibitors (sirolimus or everolimus) has to be tak-
en into consideration.

Treatment of TSC-associated AMLs depends on the 
risks associated with these tumors (size, aneurysms, 
presence of multiple or bilateral AMLs), and is different 
in acute settings compared to asymptomatic patients. 
Options include active surveillance, localized therapy 
(selective arterial embolization, orsurgical resection), 
and systemic therapy (mTOR inhibitors). Active surveil-
lance by regular imagistic monitoring is recommended 
in patients with small, asymptomatic AMLs. AMLs with 
a diameter larger than 3 cm in diameter (4 cm in oth-
er studies), with rapid growth, with microaneurysms 
bigger than 5 mm, and with a more dominant vascular 
component compared to the fatty one, are at higher 
risk of spontaneous rupture and usually need preven-
tive measures31. Also, in patients with a high renal bur-
den of the disease, there is a long-term risk of kidney 
failure because of progressive AMLs growth with de-
struction of the normal kidney. 

A. Treatment for bleeding AML. 
Symptoms of spontaneous AML rupture include 

flank pain, hematuria, and hypotension up to hem-
orrhagic shock. It is estimated that cumulative risk of 
bleeding is between 25-50%, and up to one third of pa-
tients with hemorrhage present with shock23. In less se-
vere cases, with localized perirenal hematoma, conser-
vative treatment with bed rest, blood pressure control, 
transfusions and hemostatics may be enough to control 
bleeding, although these patients are at great risk of re-
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l peating the bleeding episode, so usually even in these 
cases patients need treatment after the acute episode 
to prevent relapse. 

Selective transarterial embolization (with alcohol 
alone or associated with lipiodol, gel foam, metallic 
coils, or microspheres), followed by corticosteroids- (250 
mg/m2 of methylprednisolone) to prevent post-embo-
lization syndrome, is now recognized as the first line 
option in acute settings, although patients with severe 
retroperitoneal hemorrhage unfortunately often end 
up with total one-sided nephrectomy22. embolization is 
usually well tolerated, with few side-effects (most often 
post-embolization syndrome, abscess, and post-embo-
lization tumor necrosis). embolization of both of the 
tumor bed and proximal trunk is needed (to prevent re-
vascularization via collateral branches and increase in 
pressure in the non-embolized microaneurysms), and 
if coils are used the recommended diameter is around 
500 mm (to increase efficiency and to prevent pulmo-
nary embolism)31. Post-embolization syndrome is a 
self-limited complication consisting of fever, lumbar 
pain, nausea, malaise, and can be prevented by a short 
course of steroids. Tumor necrosis, defined as lipid ne-
crosis of the whole AML, is a rare complication char-
acterized by diffuse low back pain and persistent in-
flammatory syndrome, differs from post-embolization 
syndrome by its delay in onset (more than 1 month), 
and is diagnosed by characteristic imagistic changes 
(initial increase in volume because of inflammation fol-
lowed by complete devascularization of the tumor, air 
bubbles inside AML and finally a fatty-fluid level in the 
periphery of the tumor)32. Tumor necrosis has a high 
risk of rupture of the necrotic tissue or superimposed 
infection and for these reasons treatment is needed by 
either drainage, or even surgical resection.

embolization is a good alternative to surgery, but 
repeated embolization is needed on long-term in up to 
50% of patients due to insufficient necrosis of the an-
giomyogenic component, recanalization or angiogen-
esis. In a large meta analysis including 500 patients, the 
success rate (complete occlusion of arterial inflow) was 
93%, the size reduction of AML during 39 months of 
follow-up was 38% and repeat embolization or surgery 
were required in 21% of cases (indications for re-inter-
vention were recurring symptoms, revascularization 
ortumor growth on follow-up imaging)33. Failures (be-
cause of multiple arterial supply) or relapses are more 
frequent in TSC compared with sporadic AMLs34.Due to 
high risk of recurrence, lifelong surveillance is manda-
tory by CT or MRI at 1 and 2 years after procedure and, 

if the result is stable, at every 2 years thereafter31.An-
other problem with repeated embolization is the risk 
of destroying also the normal renal parenchyma during 
repeated procedures due to nontarget embolization. 

Surgery. An alternative to embolization, especially in 
case of exophytic cortical lesion, is partial nephrectomy. 
Surgery may also be indicated in patients with contra-
indications for angiography and in those with vascular 
diseases which may prevent arterial catheterization. Re-
section should be restricted to targeted lesion whenev-
er it is possible in order to preserve the remaining renal 
tissue, since kidney involvement has a high risk of future 
progression in TSC. Unfortunately nephron sparing sur-
gery (NSS) might be difficult in TSC patients because the 
AMLs are usually multifocal and bilateral,and because 
very often they extend central toward hilum.Histological 
examination of specimen is a major advantage of sur-
gery over embolization Success rates (residual or recur-
rent AML) and morbidity depend on center volume and 
surgeon experience. Minimally invasive techniques (pure 
laparoscopic or robot-assisted vs. retroperitoneoscopic) 
are widely used for partial nephrectomy, but these might 
be very problematic in removing very large tumors, like 
AMLs. Open surgery is the method of choice for large 
central tumors, multilocular tumors or in single kidneys. 
There is a better hemorrhage control in open partial ne-
phrectomy compared to minimally invasive techniques30. 
Renal artery clamping has to be avoided in single kid-
neys or if renal function is impaired (eGFR < 60 ml/min); 
if clamping is necessary to avoid significant hemorrhage, 
warm ischemia time should not exceed 15 min. The most 
frequent complications of NSS for AMLs, reported in less 
than 5% of patients, are hemorrhage, urinary leak/fistula 
and ileus35. As expected, compared to embolization, the 
risk of recurrence after NSS is much lower.

 
B. Preventive treatment for asymptomatic high-risk 
TSC-associated renal AMLs. 

In the view of the emerging systemic therapy with 
mTOR inhibitors, which also addresses other aspects of 
TSC (such as SeGA, skin involvement and LAM), local-
ized preventive therapy became second-line therapeu-
tic option.

Localized preventive therapy.There is not a universal 
agreement regarding the diameter of asymptomatic 
AML which urges for localized therapy to prevent bleed-
ing and to preserve kidney function. Usually it is consid-
ered that asymptomatic AMLs greater than 8 cm have to 
be treated similarly with symptomatic AMLs larger than 
4 cm. Reserved in the past for acute bleeding, emboliza-
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ltion has now become the first-line non-pharmacologi-
cal preventive option; an alternative to this is nephron 
sparing nephrectomy (partial or wedge)36. Localized 
preventive therapyis also recommended in women of 
childbearing age prior to become pregnant with high 
risk AMLs, since everolimus is contraindicated during 
pregnancy and breastfeeding and because during preg-
nancy AML has a rapid grow and increased risk of rup-
ture due to female hormones37. It is also recommended 
in TSC patients with contraindications for or who do not 
wish to receive treatment with mTOR inhibitors, in those 
who live far from a healthcare centre or in those who, 
for different reasons, need anti-coagulant treatment31. In 
patients with very large AMLs, in whom preventive re-
section is not possible per primam, preoperative embo-
lization of target AML38 or treatment with everolimus for 
few months39 may be tried in order to facilitate surgery 
by reducing the size and vascularization of the tumor.

There is less experience with ablative techniques 
(cryoablation, microwave or radiofrequency ablation, 
either percutaneous or laparoscopic) for TSC-associ-
ated renal AMLs and reports are restricted to only few 
cases, with usually small tumors, with generally good 
results, both immediately and also in the terms of com-
plications and long-term relapse30. Nevertheless, due 
to limited experience, no recommendation regarding 
ablative procedures could be done at this moment. 

Systemic preventive treatment with mTOR inhibitors. 
Progress in understanding the molecular pathophys-
iology of the disease, with identification of tuberin 
and hamartin and their major role in regulating the 
mTORC1 pathway, raised the possibility of system-
ic treatment with mTOR inhibitors, thus reducing the 
risk of some life-threatening conditions of this genetic 
multifaceted disease, including bleeding AML. Inter-
ventions for kidney complications are usually difficult 
in TSC not only because of the high renal burden of the 
disease but also due to impaired cognitive function 
of up to half of all the patients. For all these reasons, 
emerging novel therapeutic strategies with mTOR in-
hibitors is a new hope for the management of these 
patients. mTOR inhibitors sirolimus (rapamycin) and 
everolimus (RAD001) have been extensively studied as 
possible targeted therapies in TSC, addressing four ma-
jor manifestations of the disease- skin involvement (as 
topical applications with rapamycin), SeGA, renal AML, 
and epilepsy. Currently, everolimus is the only systemic 
treatment approved for TSC, with two indications- pe-
diatric and adult patients with SeGA and adult patients 
with renal AML. 

Rapamycin, the first mTOR inhibitor discovered, is 
a macrolide antibiotic produced by the soil bacterium 
Streptomyces hygroscopicus. Used in the beginning as 
an antifungal drug, later on other, more importantchar-
acteristics of the compound were discovered especially 
the immunosuppressive and also the anti-aging prop-
erties. everolimus is a structurally similar derivative of 
sirolimus developed in order to improve its pharmaco-
kinetics. Both drugs have a similar mechanism of ac-
tion- inside cells they bound to FK506-binding protein 
and the complex formed further binds to mTORthus 
inhibiting the downstream pathway. Another import-
ant action of these drugs is inhibition of expression of 
hypoxia-inducible factor 1 (HIF-1) which promotes syn-
thesis of vascular endothelial growth factor (VeGF) and 
so they reduce angiogenesis[40]. This mechanism is 
of major importance,explaining their beneficial effect 
upon renal AML, since dysplastic blood vessels are the 
major component responsible for accelerated growth 
of these tumors and for bleeding episodes. By reduc-
ing angiogenesis and inhibiting mTOR pathway, ever-
olimus is now also approved for the treatment ofma-
lignant diseases, such as advanced metastatic RCC 
and progressive neuroendocrine tumors of pancreatic 
origin. Both drugs are metabolized by liver via CYP3A4 
enzymes, so they are prone to important drug-to-drug 
interactions (including antiepileptic drugs) which may 
increase or decrease their plasmatic level. 

The first mTOR inhibitor which was studied in renal 
AML associated to TSC or sporadic LAM was sirolim-
us. In a phase I/II open label, non-randomized  study, 
which included 25 patients who received sirolimus for 
12months, renal AML volume reduced significantly to 
53% of the baseline value, but the improvement was not 
sustained, since tumor regrowth to 86% of the baseline 
value appear during the next year, after the treatment 
was stopped [41]. In another two trials in which the drug 
was administered for 24 months, no additional benefit 
was seen beyond the volume reduction obtained after 
the first year of treatment, suggesting that the tumors 
are shrinking to a limit, but they don’t disappear30. From 
these studies it was suggested that the response to 
mTOR inhibitors is not sustained in time so the patients 
need life-long treatment to obtain a durable response. 

everolimus was studied more extensively and for 
different aspects regarding TSC- SeGA, renal AML and 
refractory seizures. Following the results of eXIST-1 (effi-
cacy and Safety of everolimus in Patients of All Ages With 
Subependymal Giant Cell Astrocytoma Associated With 
Tuberous Sclerosis Complex), a prospective, double blind, 
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l randomized, placebo-controlled phase 3 trial, everolimus 
was granted approval for TSC-associated SeGA in pediat-
ric and adult patients who need treatment for this condi-
tion, but are not suitable for surgery. In a subset analysis of 
this study, AML response rate, assessed by CT or MRI, was 
studied in 44 patients with at least one renal AML with 
a diameter greater than 1 cm. AML response rates were 
53.3% (16/30) and 0% (0/14) for everolimus- and place-
bo-treated patients, respectively42. eXIST-2 study (everoli-
mus for angiomyolipoma associated with tuberous scle-
rosis complex or sporadic lymphangioleiomyomatosis), 
a multicentre, randomized, double-blind, placebo-con-
trolled trial, assessed efficacy and safety of everolimus in 
118 patients with renal AML greater than 3 cm associated 
with TSC or sporadic LAM7.The primary efficacyendpoint 
was the proportion of patients with an AML response of at 
least 50% reduction intotal volume of target AMLs relative 
to baseline. The AML response rate was 42% for everolim-
us and 0% for placebo (Figure5 and Figure6). No everolim-
us-treated patientsexperienced renal bleeding. Progres-
sion of AML was observed in 4% of patients administered 
everolimus and in 21% of the placebo group.Additionally, 
the effect of everolimus on mediators of tumorvascular-
ization, vascular endothelial growth factor D(VeGF-D), 
and collagen type IV (since AMLs are PeComa tumors, 
they synthesize vascular collagen), was studied.Plasma 
VeGF-D and collagen IV levels decreased from baseline 
through week 24 only in the everolimus treatment group. 
Median VeGF-D concentration decreased 62% in ever-
olimus-treated compared with a 6% increase in placebo 
arm, and median collagen IV concentration decreased by 
42% in everolimus patients compared with no change for 
placebo arm. Findingpotential biomarkers would be ex-
tremely helpfulin TSC to reduce the need for CT or MRI in 
patients with low cognitive function who otherwise need 
anesthesia for such imagistic studies.

Figure 5: Contrast-enhanced abdominal CT scan, sagital section: (left 
side) Two angiomyolipomas in the cortex of the left kidney. Note the 
missing of the right kidney because of total nephrectomy due to a mas-
sive retroperitoneal bleeding following rupture of an AML in the past 
medical history (30 years old TSC female patient). (right side) After 15 
months of treatment with Everolimus an important reduction of the pre-
vious described AMLs is observed.

Figure 6: Contrast-enhanced abdominal CT scan, sagital section (same 
patient from the previous figure): (left side) A big AML in the lower pole 
of the left kidney with a dominant vascular structure. (right side) After 15 
months of treatment with Everolimus an important reduction of the pre-
vious described AMLs is observed. Also note the change of the structure 
of this AML, now with a dominant adipose structure.

In 2014 Romanian National Health Insurance Agen-
cy approved everolimus for treatment of adult patients 
with TSC-associated renal AML and elaborated the pro-
tocol for this indication (Table 2). 

Table 2: Everolimus for TSC- associated renal AML. Romanian NHIA reg-
ulatory recommendations 43

In all the trials evaluating everolimus for TSC, adverse 
events were reported in almost all of the patients, but 
were usually of grade 1 or 2 in severity and were managed 
by symptomatic or specific treatment, dose reduction or 
temporary drug interruption; permanent everolimus dis-
continuation usually was not necessary. The most frequent 
Aes were stomatitis, gingivitis, dyslipidemia, acne, amen-
orrhea, pyrexia, diarrhea, fatigue, nausea, anemia, hyper-
glycemia, increase in liver enzymes, and proteinuria. Since 
everolimus is an immunosupressor, serious Aes may in-
clude infections, especially air-borne ones, so the patients 
need to be carefully followed for any sign of infection and 
treat accordingly. Another potentially serious Ae, yet fortu-
nately rare, is non-infective pneumonitis. 

Following favorable results from the primary anal-
ysisof the eXIST-2 trial, patients stillreceiving study 
treatment were allowed to enter an open-labelexten-

Adult patients with TSC-associated renal AML with 
high risk of complications (based on factors such as 
tumor dimension, presence of aneurysm or multiple/
bilateral tumors) without need for immediate surgery 
intervention

AML with a diameter >3 cm (based on CT/MRI); treat-
ment with an mTOR inhibitor is considered to be the 
most efficient first-line option (grade 1 evidence)2

Growing AML based on serial imagistic studies
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lsion[44]. The beneficial effect of everolimus in reducing 
renal AML volume was maintained over time, renal AML 
volume reductions ≥30% occurred in ≥75% of patients 
at all time points and the proportion of patients with 
renal AML volume reductions ≥50% increased over 
time. Renal function was stable over the whole study 
duration. evaluation of adverse events (Ae) incidences 
over time indicates that Ae rates were reduced during 
the second year of treatment relative to the initial 12 
months of therapy; incidence rates were further re-
duced in years 3 and 4. Since beneficial effect of mTOR 
inhibitors is limited to the time when patient is receiv-
ing the drug, careful monitoring of the patient to rap-
idly identify and treat potentially Aes is critical in order 
to achieve the maximum benefit from this treatment. 

Further studies are important to clarify the long-
term efficacy and safety of mTOR inhibitors and also 
the optimal dosing protocol, so the patients may ob-
tain the best results with the minimum harm from 
these drugs, since it is considered, at least at this mo-
ment, that this is a life-long treatment. Nevertheless, 
every patient needs to be very carefully evaluated for 
the whole spectrum of the disease, and the indication 
for systemic pharmacological treatment should be in-
tegrated alongside interventional therapies for AMLs, 
embolization and resection surgery, taken into consid-
eration every patient’s particularity. 
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