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O complexo da esclerose tuberosa (CET) 
é uma doença autossômica dominante 
caracterizada pelo desenvolvimento de 
hamartomas no sistema nervoso central, 
coração, pele, pulmões e rins e outras 
manifestações, incluindo convulsões, 
tubérculos corticais, linhas de migração 
radial, autismo e deficiência cognitiva.  
A doença está associada a variantes 
patogênicas nos genes TSC1 ou TSC2, 
resultando na hiperativação da via mTOR, 
um importante regulador do crescimento e 
metabolismo celular. Consequentemente, 
a hiperativação da via mTOR leva à  
proliferação anormal do tecido e ao 
desenvolvimento de tumores sólidos. 
O envolvimento renal no CET é 
caracterizado pelo desenvolvimento de 
lesões císticas, carcinoma de células renais 
e angiomiolipomas renais, que podem 
progredir e causar dor, sangramento e 
perda da função renal. Nos últimos anos, 
houve uma mudança notável na abordagem 
terapêutica do CET, especialmente no 
tratamento das manifestações renais. Os 
inibidores de mTOR surgiram como a 
principal opção terapêutica, enquanto 
intervenções cirúrgicas como nefrectomia e 
embolização são reservadas principalmente 
para complicações que não respondem 
ao tratamento clínico, como hemorragia 
renal grave. Esta revisão se concentra  
nas principais características clínicas do 
CET, nos mecanismos subjacentes ao 
envolvimento renal, nos recentes avanços na 
terapia para lesões renais e nas perspectivas 
futuras.

Resumo

Tuberous sclerosis complex (TSC) is an 
autosomal dominant disease characterized 
by the development of hamartomas in the 
central nervous system, heart, skin, lungs, 
and kidneys and other manifestations 
including seizures, cortical tubers, radial 
migration lines, autism and cognitive 
disability. The disease is associated with 
pathogenic variants in the TSC1 or TSC2 
genes, resulting in the hyperactivation of 
the mTOR pathway, a key regulator of cell 
growth and metabolism. Consequently, the 
hyperactivation of the mTOR pathway 
leads to abnormal tissue proliferation and 
the development of solid tumors. Kidney 
involvement in TSC is characterized by 
the development of cystic lesions, renal cell 
carcinoma and renal angiomyolipomas, 
which may progress and cause pain, bleeding, 
and loss of kidney function. Over the past 
years, there has been a notable shift in the 
therapeutic approach to TSC, particularly 
in addressing renal manifestations. mTOR 
inhibitors have emerged as the primary 
therapeutic option, whereas surgical 
interventions like nephrectomy and 
embolization being reserved primarily for 
complications unresponsive to clinical 
treatment, such as severe renal hemorrhage. 
This review focuses on the main clinical 
characteristics of TSC, the mechanisms 
underlying kidney involvement, the recent 
advances in therapy for kidney lesions, and 
the future perspectives.
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Introduction

The first reports of the disease currently recognized 
as tuberous sclerosis complex (TSC), trace back 
to 1835 through illustrations by Pierre François 
Olive Rayer, showcasing papular lesions on a man’s 
face1. Subsequently, in 1862, Friedrich Daniel 
von Recklinghausen presented a case to the Berlin 
Obstetrics Society involving a newborn with multiple 
heart tumors and cerebral sclerosis1. However, it was 
Désiré-Magloire Bourneville who, in 1880, provided 
the first detailed description of the central nervous 
system involvement, officially naming the condition 
tuberous sclerosis1,2.

TSC is an autosomal dominant disorder marked 
by the formation of hamartomas in various organs, 
including the kidneys, brain, lungs, heart, and 
skin. Additionally, other neurological findings 
and symptoms, such as cortical tubers, radial 
migration lines, seizures, cognitive impairment, 
and autism, may be present3–6. The incidence of 
TSC ranges from 1/6,000 to 1/10,000 live births, 
with an estimated 2,000,000 individuals worldwide 
currently affected by the disease4. Although 
TSC prevalence is consistent across populations, 
ethnicities, and genders, certain manifestations, such 
as pulmonary lymphangioleiomyomatosis (LAM) 
and renal angiomyolipoma (AML), appear to be 
more pronounced in females, suggesting hormonal 
influence7. Renal involvement may develop from 
childhood. Overtime, renal lesion progression, 
mainly angiomyolipoma, ultimately leads to renal 
hemorrhage, emergency surgical interventions, 
and decreased renal function3,6. The introduction 
of mTOR inhibitors (mTOR) in the late 2000s has 
changed the natural history of TSC, significantly 
enhancing the quality of life and survival rates for 
affected individuals4,6.

Despite recent advances on molecular diagnosis 
and the development targeted therapies, patients with 
rare diseases such as TSC are still neglected8. In Brazil, 
epidemiological data on TSC are scarce. Initial findings 
from an observational study on renal involvement in 
TSC revealed that only 25% of patients were using 
mTOR inhibitors, and partial or total nephrectomy 
are still routinely performed in these patients9.  
A comprehensive understanding of TSC is imperative 
for ensuring early diagnosis and appropriate medical 
follow-up and treatment. This review encompasses 
genetic aspects, clinical characteristics of the disease 

with a focus on renal manifestations and addresses 
key aspects of diagnosis and treatment of renal lesions 
associated with TSC.

Genetic Aspects

TSC is caused by pathogenic variants in the TSC1 and 
TSC2 genes, recognized as tumor suppressor genes, 
located on chromosomes 9q34.13 and 16p13.31, 
respectively10. These genes are co-expressed in all 
nucleated cells and thus in multiple organs, such as 
the lungs, kidneys, brain, and pancreas. In healthy 
individuals, the gene products tuberin and hamartin 
form heterodimers with high affinity, forming a 
complex that negatively regulates the mechanistic 
target of rapamycin (mTOR) cascade. This cascade 
plays a pivotal role in cell growth and proliferation 
through ribosomal biosynthesis and protein 
synthesis10. Patients with TSC have pathogenic 
variants in either TSC1 or TSC2, not both genes; these 
pathogenic variants functionally inactivate TSC1 or 
TSC2 or leads to the loss of the ideal conformation 
of the hamartin-tuberin complex causing aberrant 
activation of mTOR and resulting in heightened 
cell proliferation and growth (Figure 1)4,10,11. While 
the loss of a single allele of TSC1 or TSC2 may be 
sufficient to induce certain clinical features of TSC, 
such as neuropsychiatric changes, the development 
of hamartomas appears to require an additional 
somatic inhibitory mutation, termed a second hit, 
in the remaining allele. This aligns with Knudson’s 
classic two-hit hypothesis4,10,12. Second hits are often 
identified in the remaining allele of TSC1 or TSC2 in 
most TSC-related AML and renal cell carcinomas13,14.

Figure 1. Dysfunction of the mTOR pathway and mechanism of action 
of mTOR inhibitors in tuberous sclerosis complex.
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A diverse array of pathogenic variants exists in 
both genes. Pathogenic variants in TSC1 are often 
small insertions or deletions that result in shortened 
protein. Pathogenic variants in TSC2 include large 
deletions, nonsense mutations (when a point mutation 
in a sequence of DNA results in a premature stop 
codon that cause cessation of translation and prevent 
the synthesis of a complete protein), and missense 
mutations (when a single nucleotide change results 
in a different aminoacid)10. According to the Leiden 
Open Variation Database, over 900 pathogenic 
allelic variants in TSC1 and 2700 in TSC2 have 
been reported to date15. Notably, pathogenic variants 
in TSC2 are more prevalent than in TSC1, with 
missense pathogenic variants and significant genomic 
deletions being more commonly observed in TSC210.  
De novo pathogenic variants constitute approximately 
80% of TSC cases, being approximately four times more 
common in TSC2 than in TSC1. In familial cases, there 
is no difference between the prevalence of pathogenic 
variants in TSC1 and TSC210,13. Despite the absence 
of a clear genotype-phenotype correlation, pathogenic 
variants in TSC2 are often associated with more severe 
clinical manifestations of renal angiomyolipoma, 
cognitive impairment, and epilepsy10.

Clinical Manifestations and Diagnostic 
Criteria

There exists a broad spectrum of phenotypes in terms 
of age of onset, clinical manifestations, severity, 
and number of lesions5,16. Approximately 90% of 
patients exhibit skin lesions, 90% present with some 
neurological sign or symptom, and 75–80% display 
renal abnormalities16.

Clinical manifestations have distinctive 
characteristics in terms of symptom onset. Cardiac 
rhabdomyomas can be detected during intrauterine 
life in 90% of affected individuals and often regress 
in early childhood. Infants frequently develop a 
specific form of epilepsy characterized by spasms, 
subependymal giant cell astrocytomas (SEGA), 
epilepsy, cognitive difficulties, and neuropsychiatric 
disorders, collectively termed TSC-associated 
neuropsychiatric disorders (TAND), which are 
recognizable in early infancy. Dermatological 
manifestations are typically diagnosed in childhood, 
renal manifestations may begin during childhood and 
persist into adulthood, while LAM primarily occurs 
in women from adolescence onwards, potentially 
linked to hormonal factors5,7,16 (Figure 2).

Figure 2. Clinical manifestations of Tuberous Sclerosis Complex.
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The diagnosis of TSC can be established through 
genotyping and/or clinical manifestations17. The 
identification of a pathogenic variant in TSC1 or TSC2 
is sufficient for the diagnosis of TSC, irrespective of 
clinical findings, as TSC manifestations may emerge 
at different ages17. However, in 10 to 15% of TSC 
patients meeting clinical diagnostic criteria, the 
pathogenic variant may elude identification through 
conventional genetic tests. This could be attributed 
to the presence of mosaicism and intronic mutations, 
indicating that the absence of an identified pathogenic 
variant does not preclude the diagnosis of TSC14.

The clinical criteria for diagnosing TSC have 
recently been revised17. A definitive clinical diagnosis 
requires the presence of two major criteria or one 
major and two minor criteria. The presence of one 
major or two minor criteria suggests a possible 
diagnosis of TSC (Chart 1)17.

Kidney Manifestations Related to TSC

Renal involvement in TSC can begin in early childhood 
and remain asymptomatic or oligosymptomatic for 
several years18. Its incidence and severity increase 
over the life course, constituting a major cause of 
morbidity and mortality6,18. Approximately 80% of 
children will exhibit some renal manifestation by 
the age of 10, with lesions progressing throughout 
life6,18. The most prevalent renal manifestation is 

angiomyolipoma followed by renal cysts (Figure 3). 
Other renal tumors, such as renal cell carcinoma 
(RCC) and oncocytoma, can occur less frequently18,19.

Renal Angiomyolipoma

Angiomyolipoma is present in over half TSC patients 
and up to 85% of those with kidney lesions. Onset 
can be early, affecting up to 20% of children under the 
age of 26,18,19. The condition is characterized by varied 
contributions of adipocytes, smooth muscle cells, and 

Genetic criteria* 
Presence of a pathogenic variant in TSC1 or TSC2

Clinical criteria 
Two major criteria or one major and two minor criteria required

Major criteria Minor criteria

Angiofibromas (≥ 3) or cephalic fibrous plaque Dental enamel pits (≥ 3)

Ungueal fibromas (≥ 2) Intraoral fibromas (≥ 2)

Hypomelanotic macules (≥ 3, at least 5 mm in diameter) Nonrenal hamartoma

Shagreen patch Retinal achromic patch

Multiple retinal hamartomas Multiple renal cysts

Multiple cortical tubers and/or radial migration lines “Confetti” skin lesions

Subependymal nodules (≥ 2) Sclerotic bone lesions

Subependymal giant cell astrocytomas

Renal angiomyolipomas (≥ 2)**

Cardiac rhabdomyoma

Lymphangioleiomyomatosis**

*Identification of a clearly pathogenic genetic mutation that prevents protein synthesis and/or inactivates the function of the TSC1 or TSC2 proteins; 
other variants should be evaluated with caution. 

**The combination of angiomyolipomas and lymphagioleiomyomatosis without other findings does not meet the diagnostic criteria.

Chart 1 	� Diagnostic criteria for tuberous sclerosis complex (TSC)

Figure 3. MRI of a male patient with tuberous sclerosis 
complexshowing a large angiomyolipoma in the right kidney and a 
cyst in the left kidney.
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endothelial cells, and genetic analysis has revealed that 
the second genetic hit is present in all three cell lineages 
in angiomyolipoma which indicates that the three 
elements arise from a common precursor cell that has 
undergone inactivation of both alleles, either TSC1 
or TSC24,6,10. The cell of origin of angiomyolipoma 
is believed to derive from renal pericytes, which 
are perivascular epithelial cells with high a 
capacity for differentiation, angiogenesis, and lipid 
accumulation19. Due to significant growth potential 
and abnormal vascularization, angiomyolipomas can 
develop intratumoral aneurysms, which are prone to 
spontaneous rupture and hemorrhages, particularly 
in lesions larger than 3 cm in diameter6,16. Renal 
complications have been considered to be one of the 
main causes of death in these patients6.

The progressive destruction of renal parenchyma 
caused by the growth of the angiomyolipoma appears 
to play a pivotal role in the loss of renal function 
(Figure 4)6,16. Other factors such as compensatory 
glomerular hyperfiltration, arterial hypertension, 
repeated embolizations, nephrectomy, and the use 
of nephrotoxic medications can also contribute to 
this loss4,20. Approximately 40% of TSC patients 
experience a premature reduction in glomerular 
filtration rate (GFR). By the age of 50, they may 
have stage 3 or lower chronic kidney disease (CKD), 
compared to 3% of the general population6. Although 
the risk of progressing to dialytic stage 5 CKD (CKD-
5D) is small (1–4% of patients progress to renal 
replacement therapy), an accelerated CKD-related 

cardiovascular disease poses a significant threat to 
these patients4,6,17.

Cystic Kidney Disease

Renal cysts are the second most frequent renal 
manifestation associated with TSC6,17. They can 
emerge as early as childhood and are considered the 
second most common kidney lesion, affecting up to 
half of all patients in their lifetime18. Renal cysts can 
be single or multiple and are generally asymptomatic. 
However, they are susceptible to complications 
as observed in other renal cystic diseases, such as 
hemorrhage, infection, and pain19,20. In up to 2–3% 
of patients, large deletions in TSC2 can affect the 
adjacent PKD1 gene, both located on chromosome 
16, resulting in the PKD1/TSC2 contiguous deletion 
syndrome, characterized by severe, early-onset, 
and accelerated cystic disease. Individuals with this 
syndrome have multiple renal cysts identifiable at 
birth, changes in urinary concentration, hypertension, 
and rapid loss of renal function that can progress to 
CKD-5D in adolescence6,19.

The mechanism of formation of TSC-related 
renal cysts isn’t yet fully understood. Unlike 
angiomyolipoma, there is no loss of heterozygosity 
due to a second hit, and the expression of tuberin 
and hamartin has been observed in the cysts21,22. 
Experimental studies using a mouse model with 
knockdown TSC2 gene suggest that extracellular 
vesicles play an important role in TSC-related 
cystogenesis23–25.

Renal Cell Carcinoma and Oncocytoma

The incidence of renal cell carcinoma (RCC) in TSC is 
2 to 4 times higher (2–4% vs 1%) and appears earlier 
in life (~30 vs ~55 years) than the general population19. 
RCCs are often multiple and bilateral, growing faster 
than angiomyolipoma, and typically lacking lipid 
content26,27. There is a predominance among women, 
contrasting once again with the general population 
where RCC is more common among men26,27. Various 
histological types of RCC have been described, 
including fibromyomatous stroma, solid and cystic 
eosinophilic, vacuolar eosinophilic, and low-grade 
oncocytic RCC28.

Lastly, oncocytoma is a rare benign tumor, usually 
unilateral and solitary, with a rapid growth and 
large, but without invasive behavior. The histological 
diagnosis of oncocytoma is based on the identification 

Figure 4. MRI showing large renal masses compatible with 
angiomyolipomas that replace practically the entire renal parenchyma 
in a patient with tuberous sclerosis complex.
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of intensely eosinophilic granular cells. Surgical 
resection remains the treatment of choice19.

mTOR Inhibitors: A Specific Therapy for TSC

Advances in the understanding of the pathophysiology 
of TSC have paved the way for the utilization of 
mTOR inhibitors, i.e. sirolimus and everolimus, for 
the treatment of this disease. From a renal perspective, 
mTOR inhibitors promote growth control and hinder 
the progression of angiomyolipoma, reducing the 
need for surgical and invasive interventions such as 
nephrectomy and repeated embolizations, which lead 
to loss of renal mass and function4,17,19.

Experimental studies in a TSC animal model 
demonstrated that sirolimus treatment effectively 
inactivated the mTOR pathway resulting in a 
substantial reduction in renal tumors, improved 
survival, and enhanced clinical status29. Sirolimus’ 
impact on tumor response has been linked to apoptosis 
induction, decrease in cell size, and necrosis, possibly 
due to its pro-thrombotic or anti-angiogenic tumor 
effects23,25,30.

The initial clinical evidence supporting the 
potential benefits of sirolimus in TSC patients 
was reported in a 19-year-old patient in 200631. 
Subsequently, an open label, non-randomized clinical 
study evaluated the effect of sirolimus on the reduction 
of angiomyolipoma volume in patients with TSC 
or sporadic LAM32. Of the 25 included patients, 20 
completed the 24-month follow-up, encompassing an 
initial 12 months of treatment (initial dose 0.25 mg/m2 
with adjustments to maintain serum levels at 10–15 
ng/mL) followed by 12 months without medication. 
A mean reduction of approximately 50% in the 
baseline size of the angiomyolipoma and a tendency 
for volume increase after stopping the medication 
were observed by MRI32. Subsequent studies 
evaluating sirolimus have consistently demonstrated 
its efficiency in controlling renal angiomyolipoma. In 
an open multicenter non-randomized phase 2 study 
evaluating 16 patients with TSC or sporadic LAM 
and renal angiomyolipoma taking sirolimus for up 
to 24 months (serum level 3–10 ng/mL), a sustained 
reduction in the diameter of the angiomyolipoma was 
observed in all patients, with the greatest reduction 
in the first year of therapy33. Other phase 2 clinical 
studies have reported similar effects, accompanied 
by a decrease in serum levels of vascular endothelial 
growth factor D (VEGF-D)34–38. More recently, in 

a retrospective study, Watanabe et al. analyzed the 
computed tomography scans of 14 patients with TSC 
taking sirolimus, and demonstrated that the decrease 
in the size of the angiomyolipoma occurs mainly 
due to a reduction in the hypervascularized and fat-
poor compartments38. They have also reported a 
pronounced reduction in the diameter of aneurysms 
and in intratumoral vascular ectasias38. Importantly, 
it should be mentioned that patients using sirolimus 
require close monitoring as they may experience 
adverse events such as stomatitis, skin lesions, 
dyslipidemia, and respiratory infection among others, 
whose frequency and severity commonly ameliorate 
overtime32,33,39-42.

Everolimus, an analog of sirolimus with greater 
oral availability and lower protein binding, was 
investigated for the treatment of TSC in the EXIST-1 
study, which analyzed its effects in reducing SEGA40. 
Subsequently, a multicenter, randomized, double-
blind, placebo-controlled phase 3 study (EXIST-2) 
evaluated the response of renal angiomyolipoma to 
everolimus (10 mg daily) in adult patients (N = 118) 
with TSC or sporadic LAM with angiomyolipoma 
≥ 3 cm in diameter41. The median exposure was 
38 weeks for the everolimus group and 34 weeks 
for the placebo group. The response rate in AML 
reduction, i.e. reduction of at least 50% of the total 
angiomyolipoma volume, was 42% for the everolimus 
group [33 of 79 (95% CI 31-53%)] and 0% for 
placebo, with a median response time to everolimus 
of 2 to 9 months41. The EXIST-2 extension study has 
demonstrated that the treatment effect is maintained 
over time, with an increase in the response rate 
compared to the primary study, from 42% to 54%. 
Moreover, approximately 97% of the patients 
showed a reduction in angiomyolipoma compared 
to baseline42. None of the patients using everolimus 
presented renal bleeding42. In addition, the post 
hoc analysis of pediatric patients (N = 33) from the 
EXIST-1 study demonstrated the safety and efficacy of 
everolimus in the treatment of renal angiomyolipoma 
in this population43. Importantly, the mean eGFR 
of patients from EXIST-1 (N = 111) and EXIST-2 
(N = 112) studies using everolimus remained stable 
throughout the follow-up period. A decline in eGFR 
was observed only in some patients who already had 
significant alterations in pre-treatment renal function. 
In addition, the presence of proteinuria, assessed 
by urinary dipstick after starting everolimus, was 
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considered mild in most cases44. Real-world data have 
confirmed the efficacy and safety of using everolimus 
at an average daily dose of 8.4 mg for the treatment 
of TSC-related renal angiomyolipoma, promoting 
regression and stabilization of the lesions for a period 
of up to 3 years45. Recently, the update of a Cochrane 
systematic review, which included patient data (N = 
703) from six randomized clinical trials confirmed 
that everolimus may reduce angiomyolipoma size by 
50% (relative risk 24.69, 95% CI 3.51 to 173.41;  
P = 0.001), in addition to reducing the size of SEGA 
and the frequency of seizures and improving skin 
lesions46. Although no difference was observed in 
the total number of adverse effects between the 
treatment and placebo groups, more participants in 
the former required dose reduction, interruption, or 
discontinuation of medication, and had more serious 
adverse effects46.

Studies have consistently reported that mTOR 
inhibitors are associated with controlling the growth 
of angiomyolipoma, reducing both its size and the 
risk of bleeding and the need for surgical intervention, 
while preserving renal function with a relatively low 
incidence of serious adverse effects32–48. Given that 
mTOR inhibitors, since they have only cytostatic 
effects, must be used indefinitely, perhaps for life, to 
guarantee their beneficial effects, it is important to be 
aware of their adverse effects (Chart 2) and to devise 
strategies to identify and manage them appropriately. 
Regular laboratory and clinical monitoring of 
potential adverse effects, patient education and, 

whenever necessary, dose reduction or temporary 
suspension of medication, are essential part of patient 
care49. In addition, aiming to reduce the occurrence 
of side effects, new protocols for the use of mTOR 
inhibitors for the treatment of TSC have been 
evaluated. A recent prospective study has compared 
the use of everolimus at a standard dose (N = 23; 10 
mg/day for 12 months) with sequential dosing (N = 30; 
10 mg/day for 4 months, followed by 5 mg/day until 
the 12th month)50. The sequential treatment group 
showed similar efficacy to the standard dose, with a 
lower incidence of adverse effects and lower cost50. 
Furthermore, in a prospective study with a 48-month 
follow-up (N = 11) in which everolimus was started 
at lower doses of 2.5 mg/day and increased to 5 mg/
day according to tolerance and serum level (8–15 ng/
mL), angiomyolipoma tumor mass decreased from 
the sixth month of treatment and remained stable 
throughout the study51.

Another important issue on the use of mTOR 
inhibitors in TSC that deserves our attention is whether 
one of the commercially available drugs, sirolimus or 
everolimus, is superior to the other. As they have a 
similar molecular structure, it is reasonable to assume 
that both may provide alike benefits for TSC patients52. 
Unfortunately, the lack of randomized clinical trials 
evaluating sirolimus for the treatment of TSC-related 
renal angiomyolipoma has become a barrier to the 
approval of this medication by regulatory agencies 
for this purpose. Recently, a multicenter retrospective 
study has suggested that both medications are good 

Everolimus Sirolimus

Infectious Upper respiratory tract, urinary tract infection, 
pneumonia

Upper respiratory tract, pneumonia, cellulitis, 
urinary infection

Hematological Leukopenia, anemia Leukopenia, anemia

Metabolic Dyslipidemia, hypophosphatemia Dyslipidemia, hypokalemia

Neurological Headache, seizure Headache, dizziness, tremor

Gastrointestinal Stomatitis, abdominal pain, nausea, vomiting Stomatitis, diarrhea, nausea, and abdominal 
pain

Dermatological Acne, eczema Acne, folliculitis

Gynecological Amenorrhea, menstrual irregularity Amenorrhea, menstrual irregularity

General Arthralgia, fatigue Peripheral edema, fatigue

Laboratorial Increase in LDH Increased LDH, AST, and ALT

Renal Proteinuria Proteinuria

Cardiac Tachycardia, high blood pressure

*LDH: lactate dehydrogenase enzyme; AST: glutamic-oxalacetic transaminase; ALT: glutamic-pyruvic transaminase.

Chart 2 	�M ain adverse effects related to the use of mTOR inhibitors sirolimus and everolimus
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therapeutic options, with everolimus appearing to 
be somewhat superior in reducing TSC-related renal 
angiomyolipoma53. Everolimus was approved by 
the Food and Drug Administration (FDA) and the 
European Medicines Agency (EMA) for the treatment 
of renal angiomyolipoma ≥ 3 cm in diameter in adult 
patients with TSC in 2016 and 2018, respectively54,55. 
It is currently considered the first-line therapy for the 
elective treatment of angiomyolipoma17. In Brazil, 
sirolimus was incorporated into the Brazilian national 
health system for the treatment of LAM (SCTIE/MS 
Ordinance No. 24 of August 4, 2020) (Figure 5)56. 
The National Health Surveillance Agency (ANVISA) 
currently authorizes the marketing and use of 
everolimus for the treatment of angiomyolipoma 
associated with TSC57.

In contrast to the convincing data on the efficacy of 
mTOR inhibitors in patients with angiomyolipoma, 
the efficacy of these agents in the treatment of 
renal cystic disease associated with TSC has yet to 
be fully defined, but they have shown promising 
results in recent research20,58. Moreover, even though 
everolimus has been used as a treatment option for 
advanced CRC in the general population59,60, the 
efficacy of mTOR inhibitors for RCC in TSC remains 
uncertain61–64.

Nephrological Care and Follow-Up  
in the TSC

Patients with TSC require nephrological follow-
up as an integral part of the multidisciplinary care 

from childhood through adulthood to ensure early 
diagnosis of renal alterations, periodic monitoring 
of renal function, and the initiation of a specific 
treatment when indicated. According to the latest 
international consensus on TSC, it is recommended 
to perform imaging tests, preferably MRI, to assess 
renal lesions such as angiomyolipoma and cysts in 
newly diagnosed or suspected patients. Ideally, MRI 
should be repeated every 1 to 3 years to evaluate 
lesion growth and progression, irrespective of the 
therapeutic modality17. Distinguishing RCCs from 
angiomyolipoma, especially those with low fat 
content, can be challenging19. Although various 
techniques help in this differentiation, rapid lesion 
growth of pre-existing lesions and changes in cyst 
morphology suggest potential malignancy. MRI 
stands out as the gold standard imaging method for 
diagnosis20. In cases where MRI is inconclusive, a 
biopsy may be necessary17,19.

Glomerular filtration rate, estimated from serum 
creatinine and/or cystatin C, and proteinuria should 
be monitored at least once a year17. Hypertension is 
more common in TSC patients than in the general 
population. Hence, blood pressure control is essential 
and may help to slow down the progression of 
CKD6. Angiotensin-converting enzyme inhibitors and 
angiotensin receptor blockers are the preferred drugs 
for this purpose, as they might have a suppressive 
effect on tumor growth on AML and cysts6.

For specific therapy, mTOR inhibitors are the 
first-line treatment for asymptomatic patients with 
angiomyolipomas > 3 cm in diameter17. Lower doses of 
everolimus than those recommended by the EXIST-2 
study, such as 5 mg/day, have shown good therapeutic 
responses17,51. Selective embolization and partial 
nephrectomy are potential second-line therapies for 
asymptomatic angiomyolipoma larger than 3 cm in 
diameter17. In cases of AML with acute hemorrhage, 
arterial embolization, followed by corticotherapy to 
prevent post-embolization syndrome are indicated17.

In terms of renal replacement therapy, all 
therapeutic modalities can be considered17. Kidney 
transplantation is a viable option, boasting higher 
graft survival rates than in the general population65. 
It is noteworthy that mTOR inhibitors can be 
beneficial in preventing tumor bleeding even in 
advanced CKD. Therefore, their use should be 
contemplated in TSC patients on dialysis therapy 
and included in the immunosuppressive regimen for 

Figure 5. MRI of a female patient with tuberous sclerosis complex and 
lymphangioleiomyomatosis. Pneumothorax, which is a complication 
of lymphangioleiomyomatosis, with ipsilateral pulmonary atelectasis 
is noted.
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Diagnosis and follow-up

Blood pressure control Carry out follow-up according to current guidelines since the TSC 
diagnosis.
Give preference to the use of ACEI/ARB.

eGFR At least once a year

Proteinuria At least once a year

Imaging exam (preferably MRI) Perform when TSC is diagnosed or suspected to aid in diagnostic 
confirmation.
Repeat every 1 to 3 years to assess growth and progression of the 
lesions.

Angiomyolipomas management

Asymptomatic patients with angiomyolipomas  
< 3 cm in diameter

Follow-up

Asymptomatic patients, > 18 years old, with 
angiomyolipomas > 3 cm in diameter

First-line therapy: mTOR inhibitors.
Monitor dose according to adverse effects and serum level.
Therapeutic options: partial nephrectomy and selective arterial 
embolization

Angiomyolipomas with acute bleeding First-line therapy: arterial embolization followed by systemic 
corticotherapy for 7 days (to avoid post-embolization syndrome).
If possible, avoid nephrectomy.

Renal replacement therapy at the TSC

RRT modality All modalities can be used.
Consider maintaining the use of mTOR inhibitors for dialysis 
patients to prevent angiomyolipomas bleeding in native kidneys 
and, if necessary, control other manifestations of the disease.

Kidney transplant Consider the use of mTOR inhibitors in the immunosuppressive 
regimen, also to prevent angiomyolipomas bleeding in native 
kidneys and, if necessary, to control other manifestations of the 
disease.
Consider nephrectomy of native kidneys depending on kidney size 
and angiomyolipomas due to risk of bleeding.

*TSC: tuberous sclerosis complex; ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blockers; 
eGFR: estimated glomerular filtration rate; RRT: renal replacement therapy.

Chart 3 	�M ain recommendations for the nephrological care of patients with TSC

kidney transplantation66–68. Finally, the treatment of 
RCC is tailored to tumor staging and encompasses 
various therapeutic modalities, such as radiotherapy, 
immunotherapy, and/or surgical resection69. Chart 3 
summarizes the main recommendations for managing 
TSC-related AML.

Future Perspectives

The identification of the mTOR pathway’s 
involvement in the pathophysiology of TSC-related 
angiomyolipoma has enhanced our understanding 
of the disease. Nevertheless, therapeutic options 
remain limited, primarily exerting a cytostatic effect. 
Further research is warranted to identify biomarkers, 
novel therapeutic targets, and cytotoxic alternatives 

for effective disease control. In this regard, a recent 
randomized double-blind placebo-controlled 
clinical trial investigated metformin as a potential 
therapeutic option for TSC-related tumors, due to 
its inhibitory mechanism of the mTOR pathway 
through the activation of adenosine monophosphate-
activated protein kinase (AMPK) and p53. While it 
exhibited promising results in reducing the volume of 
SEGA, a similar effect was not observed with renal 
angiomyolipoma70.

In vitro studies and animal models suggest 
prospective therapeutic targets. The mTOR pathway’s 
influence on vitamin A metabolism and the expression 
of retinoic acid receptor beta (RARβ) has been noted71. 
An in vitro study using cell lines with pathogenic 
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variants in TSC showed lower expression of RARβ. 
Retinoic acid, a vitamin A metabolite already used to 
treat some types of leukemia, was able to normalize 
RARβ levels and limit cell migration. Although there 
was no significant effect on cell proliferation, the 
study suggests that combining mTOR inhibitors with 
retinoic acid could be a therapeutic option to reduce 
the doses and side effects of these medications71. 
Studies evaluating the potential effect of tyrosine 
kinase inhibitors imatinib and nilotinib in TSC have 
shown a cytotoxic effect of these drugs on both 
angiomyolipoma and LAM cell lines, as well as a 
reduction in tumor growth in animal models treated 
with imatinib72.

Gene therapy seems to be a promising field. A 
preclinical study with animal models affected by 
TSC1 mutations and central nervous system lesions 
showed increased survival and restoration of protein 
functions after the intravenous administration of 
an adenovirus viral vector encoding for hamartin73. 
Furthermore, it has also been demonstrated that the 
use of an adenovirus viral vector coded for tuberin 
in animal model affected by TSC2 improved survival 
and reduced brain involvement74.

Last but not least, mitochondrial regulation and 
function of affected cell lines75, activation of p53 and 
regulation of apoptosis76, inflammatory mediators 
of the cellular microenvironment77, involvement 
of circular RNA in tumorigenesis78, and altered 
interaction between TSC2 gene proteins and high-
density lipoprotein-binding proteins79 have been 
considered potential therapeutic targets in TSC-
related angiomyolipoma.

Conclusions

The high prevalence of kidney involvement in TSC, 
coupled with its association with high morbidity and 
mortality, underscores the importance of providing 
nephrological care for these patients from childhood 
onward. The understanding of the pathophysiology of 
TSC was crucial to the use of mTOR inhibitors to treat 
this disorder, opening avenues for the identification of 
novel therapeutic targets and medicines with higher 
efficacy and fewer adverse effects to modify the 
course of the disease. Ongoing and future research 
aiming to prevent the onset and progression of TSC-
related manifestations, including renal lesions, has 
given hope for a better life to the persons affected by 
TSC and their relatives.
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