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José C. Ferreira11, Martha Feucht12, Carla Fladrowski13,14, Christoph Hertzberg15, Sergiusz Jozwiak16,17,
John A. Lawson18, Alfons Macaya19, Ruben Marques8,20, Rima Nabbout21, Finbar O’Callaghan22, Jiong
Qin23, Valentin Sander24, Matthias Sauter25, Seema Shah26, Yukitoshi Takahashi27, Renaud Touraine28,
Sotiris Youroukos29, Bernard Zonnenberg30 and Anna C. Jansen31, on behalf of the TOSCA Consortium
and TOSCA Investigators
1Sussex Kidney Unit, Royal Sussex County Hospital, Brighton, UK, 2Research and Clinical Institute of Pediatrics, Pirogov Russian National
ResearchMedical University, Moscow, Russian Federation, 3SPS Pediatri�cna Klinika, Ljubljana, Slovenia, 4TSA Tuberous Sclerosis Association,
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ABSTRACT

Background. Renal angiomyolipoma occurs at a high fre-
quency in patients with tuberous sclerosis complex (TSC) and is
associated with potentially life-threatening complications.
Despite this frequency and severity, there are no large
population-based cohort studies. Here we present baseline and
follow-up data of the international TuberOus SClerosis registry
to increase disease Awareness (TOSCA) with an aim to provide
detailed clinical characteristics of renal angiomyolipoma among
patients with TSC.

Methods. Patients of any age with a documented clinic visit for
TSC within 12 months or who were newly diagnosed with TSC
before participation in the registry were eligible. Data specific to
renal angiomyolipoma included physical tumour characteristics
(multiple, bilateral, lesion size and growing lesions), clinical
signs and symptoms, and management. The effects of age, gen-
der and genotype on the prevalence of renal angiomyolipoma
were also evaluated.
Results. Renal angiomyolipoma was reported in 51.8% of pa-
tients at baseline, with higher frequency in female patients
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(57.8% versus 42.2%). The median age at diagnosis was 12
years. Prevalence of angiomyolipoma was higher in patients
with TSC2 compared with TSC1 mutations (59.2% versus
33.3%, P< 0.01). Of the 1031 patients with angiomyolipoma at
baseline, multiple lesions were reported in 88.4% and bilateral
in 83.9% of patients, while the size of angiomyolipoma was
>3 cm in 34.3% of patients. Most patients were asymptomatic
(82%). Frequently reported angiomyolipoma-related symptoms
included bleeding, pain, elevated blood pressure and impaired
renal function. Embolization and mammalian target of rapamy-
cin inhibitors were the two most common treatment modalities.
Conclusions. The TOSCA registry highlights the burden of
renal angiomyolipoma in patients with TSC and shows that
renal manifestations are initially asymptomatic and are influ-
enced by gender and genotype. Furthermore, the occurrence of
significant problems from angiomyolipoma in a minority of
younger patients suggests that surveillance should begin in in-
fancy or at initial diagnosis.

Keywords: mTOR Inhibitor, registry, renal angiomyolipoma,
TOSCA, tuberous sclerosis complex

INTRODUCTION

Tuberous sclerosis complex (TSC) is an autosomal dominant
genetic disorder resulting from inherited or sporadic germline
mutations of TSC1 or TSC2 encoding hamartin and tuberin, re-
spectively. It is characterized by hamartomatous lesions in mul-
tiple organs, including the brain, kidney, skin, heart, lungs and
retina [1].

Renal problems are very frequent in patients with TSC after
neurological manifestations and TSC-associated neuropsychi-
atric disorders and a leading cause of morbidity and mortality
in these patients [2–7]. Renal manifestations include angiomyo-
lipoma, epithelial cysts, polycystic kidney disease and renal cell
carcinoma [8, 9]. The occurrence rate and clinical characteris-
tics of renal lesions in TSC have been assessed primarily in ei-
ther single- or two-centre case series [10–12] or in population-
based studies with small sample sizes [8, 13, 14] with varied
findings. The estimated prevalence of angiomyolipoma varied
between studies and ranged from 55% to 80%. Some studies
showed a higher proportion of renal angiomyolipoma in fe-
males [11, 15], whereas others have shown no gender disparity
[10]. Patients with TSC2 mutations have been reported to ex-
hibit a higher incidence and severity of angiomyolipoma com-
pared with patients with TSC1mutations [11, 16]. Patients with
TSC-associated renal angiomyolipoma are susceptible to spon-
taneous life-threatening haemorrhage [4].

Despite considerable progress in the understanding of TSC
and associated renal manifestations, there is a need for a large
population-based cohort study to better understand clinical
characteristics and natural history of renal angiomyolipoma in
patients with TSC and its relationship with age, gender and
genotype to target surveillance and therapy to those at greatest
risk.

The TuberOus SClerosis registry to increase disease
Awareness (TOSCA) has been designed to address the know-
ledge gaps in the natural history of TSC by collecting data from

patients across many countries worldwide. The TOSCA registry
has provided better insight into the overall TSC manifestations
including clinical characteristics of renal angiomyolipoma [17].
In this report, we present baseline and 1-year follow-up data of
the TOSCA registry with focus on the clinical characteristics of
renal angiomyolipoma.

MATERIALS AND METHODS

The methods of TOSCA have been described in detail previ-
ously [18]. In short, TOSCA is a multicentre, international dis-
ease registry conducted at 170 sites across 31 countries
worldwide. Between August 2012 and August 2014, patients of
any age with a documented clinic visit for TSC in the preceding
12 months or newly diagnosed with TSC were enrolled.

In the TOSCA registry, general information on patient back-
ground such as demographic data, family history, genotype,
vital signs, prenatal history, clinical features of TSC across all
organ systems, comorbidities and rare manifestations were col-
lected at baseline and at regular visits scheduled at a maximum
interval of 1 year to ensure an ongoing data stream.

Data specific to renal angiomyolipoma included physical
tumour characteristics (multiple, bilateral, lesion size and grow-
ing lesions), clinical signs and symptoms and management. The
effects of age, gender and genotype on the prevalence of renal
angiomyolipoma were also evaluated. Mean age of angiomyoli-
poma diagnosis at baseline were compared between patients
with TSC1 and TSC2 mutations using Z test, while Chi-square
test was used to analyze association between genotype and renal
characteristics (such as history of angiomyolipoma, lesion >3
cm, growing angiomyolipoma, patients with/without signs or
symptoms, or treatment received by patients) at baseline. This
is an observational study, and therefore no additional clinical or
laboratory assessments/interventions were performed other
than those required for disease surveillance or management ac-
cording to the local best practice.

As the registry is observational in nature, results are reported
with descriptive statistics only. All eligible patients enrolled in
the TOSCA registry were considered in the analysis. Continuous
variables were evaluated quantitatively (e.g. frequency, mean,
standard deviation, median, range), and categorical variables
(e.g. presence/absence of a manifestation) were analysed in terms
of frequency distribution at baseline and at follow-up.

This study was designed and conducted according to the
Guidelines for Good Clinical Practice and ethical principles
outlined in the Declaration of Helsinki [19, 20]. Written in-
formed consents were obtained from all patients, parents or
guardians prior to enrolment with prior endorsement by the
local human research ethics committee.

RESULTS

Patient demographics and clinical characteristics

As of 30 September 2015 (data cut-off date for the third in-
terim analysis), baseline data were available for 2216 patients
and first follow-up visit data were available for 1911 patients.
Baseline patient demographics and clinical characteristics are
summarized in Table 1. Median age at inclusion was 13 years
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(range <1–71 years). Median age at diagnosis of TSC was
1 year (range <1–69 years). There were 144 (6.5%) patients
with prenatal diagnoses. Molecular testing for genetic muta-
tions was performed in 1000 (45.1%) patients. Of these, 644 pa-
tients (64.4%) had a TSC2 gene mutation, 197 (19.7%) had a
TSC1 gene mutation, 6 patients had both TSC1 and TSC2 gene
mutations and 144 (14.4%) had nomutation identified.

Renal angiomyolipoma

A total of 1070/2065 patients (51.8%) had renal imaging and
had a history of renal angiomyolipoma. The other 151 patients
had not had renal imaging. Of the 1070 patients with docu-
mented renal angiomyolipoma, 42.2% were males, and 57.8%
females. The frequency at each age distribution is presented in
Figure 1. The mean age at the time of diagnosis was 16.9 years
[median (range) 12 years (<1–67 years)]. Of 1070 patients with
a history of angiomyolipoma, angiomyolipoma was present at
baseline in 1031 patients, while renal angiomyolipomas were
resolved on treatment in 23 patients (2.1%) and no longer

detectable in 16 patients (1.5%). In 1031 patients with renal
angiomyolipoma present at baseline, 911 patients (88.4%) had
multiple renal angiomyolipoma and 865 patients (83.9%) had
bilateral renal angiomyolipoma. Angiomyolipoma size >3 cm
was observed in 354 patients (34.3%; 68 patients aged
�18 years and 286 aged>18 years).

A repeat scan to monitor angiomyolipoma was carried out
in 977 patients (44.1%) with known angiomyolipoma. Growth
of angiomyolipoma was observed in 218 patients (21.1%; 100
patients aged �18 years and 118 aged >18 years). The mean
time from the previous scan to the last assessment was 1.3 years.
The occurrence rate and physical characteristics of renal angio-
myolipoma at first follow-up visit were similar to that observed
at baseline (Table 2).

The majority of the patients with renal angiomyolipoma
were asymptomatic at baseline (845 patients, 82.0%) and at first
follow-up visit (801 patients, 87.4%). Among the symptomatic
patients, the most common symptoms reported at baseline and
at first follow-up visit were pain (6.1% and 3.7%), elevated
blood pressure (5.7% and 5.1%), haemorrhage (5.0% and 1.5%),
microscopic haematuria (4.3% and 3.3%) and impaired renal
function (3.9% and 3.3%), respectively (Table 2).

Overall, renal angiomyolipomas were treated in 309 patients
(28.9%). However, the percentage of patients requiring
treatment increased progressively with age to 48.6% by age
>40 years (Table 3). The most common treatment modalities
(either as monotherapy or in combination with other treatment
modalities) were embolization (46.0%) and mammalian target
of rapamycin (mTOR) inhibitors (43.4%) (Table 2). The most
common treatment modality in patients aged �18 years was
mTOR inhibitors whereas embolization was most common in
patients aged >18 years (Table 3). The most common treat-
ment modality at first follow-up visit was mTOR inhibitors
(Table 2).

Relationship of renal angiomyolipoma with mutation
type

Significantly more patients with TSC2 mutations had renal
angiomyolipoma at baseline compared with those with a TSC1
mutation (59.2% versus 33.3%, P< 0.01). The mean age at diag-
nosis of renal angiomyolipoma in patients with a TSC2mutation

Table 1. Baseline patient demographics and clinical characteristics
(N ¼ 2216)

Characteristics Baseline data

Age at diagnosis of TSCa, years, median (range) 1 (<1–69)
Gender, n (%)
Male 1062 (47.9)
Female 1154 (52.1)

Patients with molecular testing, n (%) 1000 (45.1)
Genetic testing, n (%)b

No mutation identified 144 (14.4)
TSC1 mutationc 197 (19.7)
TSC2 mutationc 644 (64.4)
Both TSC1 and TSC2 mutations 6 (0.6)

Variation type, n (%)d

Pathogenic mutation 678 (67.8)
Variant of unknown significance 66 (6.6)

Patients with prenatal diagnosis, n (%) 144 (6.5)
Patients with at least one blood relative
participating in TOSCA, n (%)

230 (10.4)

aData available for 2216 patients.
bInformation on the type of mutation was missing for nine patients.
cThe count (n) includes six patients who had both TSC1 and TSC2 mutations.
dThe count (n) includes 23 patients who had both variation types.

FIGURE 1: Patients with history of renal angiomyolipoma across age groups. Percentage of patients with renal angiomyolipoma in each age
group was calculated considering the total number of patients in that age group as the denominator.
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was 13.2 years (range<1-59 years), which was significantly lower
than those with a TSC1mutation (23.5 years, range<1-60 years;
P< 0.01). Furthermore, significantly greater percentage of
patients with a TSC2mutation compared with those with a TSC1
mutation had an angiomyolipoma >3 cm in size (31.9% versus
12.0%, P< 0.01) or a growing angiomyolipoma (24.1% versus
12.0%, P< 0.05; Table 2). The age range of patients with TSC1
and TSC2mutations was similar (Supplementary data, Table S1).

Similar to the overall population, renal angiomyolipoma
were asymptomatic in most patients with TSC1 (89.7%) and

TSC2 (83.2%) mutations, with no differences between the
groups (P¼ 0.77). More patients with a TSC2 mutation
required one or more treatment than those with TSC1mutation
(26.8% versus 12.7%, P< 0.05). However, most common treat-
ment modalities did not differ based on gene mutation (Table 2).

Other renal manifestations

The other renal features reported at baseline and at first
follow-up visit include multiple renal cysts (24.2% and 28.3%),
polycystic kidney disease (proven TSC2/PKD1 mutation; 3.4%

Table 2. Renal angiomyolipoma features according to mutation type

Characteristics Overall (N ¼ 2216) Patients with TSC1
mutation (n ¼ 197)

Patients with TSC2
mutation (n ¼ 644)

Baseline First follow-
up visit

Baseline First follow-
up visit

Baseline First follow-
up visit

History of renal angiomyolipomaa* 1070 (51.8) 992 (55.8) 63 (33.3) 61 (36.5) 369 (59.2) 344 (62.0)
Mean (range) age at diagnosis, years* 16.9 (<1–67) – 23.5 (<1–60) – 13.2 (<1–59) –
Angiomyolipoma present at the time
of assessment

1031 (96.4) 917 (92.4) 58 (92.1) 60 (98.4) 357 (96.7) 309 (89.8)

Multiple 911 (88.4) 808 (81.5) 41 (70.7) 43 (70.5) 330 (92.4) 278 (80.8)
Bilateral 865 (83.9) 770 (77.6) 29 (50.0) 33 (54.1) 308 (86.3) 260 (75.6)
Angiomyolipoma size >3 cm* 354 (34.3) 302 (30.4) 7 (12.0) 10 (16.4) 114 (31.9) 98 (28.5)
Growing angiomyolipoma† 218 (21.1) 173 (17.4) 7 (12.0) 9 (14.8) 86 (24.1) 70 (20.3)

Signs and symptoms
None‡ 845 (82.0) 801 (87.4) 52 (89.7) 55 (91.7) 297 (83.2) 272 (88.0)
Pain not otherwise specified 63 (6.1) 34 (3.7) 2 (3.4) 2 (3.3) 24 (6.7) 11 (3.6)
Elevated blood pressure 59 (5.7) 47 (5.1) 4 (6.9) 3 (5.0) 23 (6.4) 20 (6.5)
Haemorrhage 52 (5.0) 14 (1.5) 0 0 18 (5.0) 5 (1.6)
Haematuria 44 (4.3) 30 (3.3) 0 0 15 (4.2) 10 (3.2)
Impaired renal function 40 (3.9) 30 (3.3) 1 (1.7) 1 (1.7) 10 (2.8) 8 (2.6)
Other 33 (3.2) 11 (1.2) 0 0 10 (2.8) 3 (1.0)

Treatment
Patients received treatment† 309 (28.9) 272 (27.4) 8 (12.7) 5 (8.2) 99 (26.8) 84 (24.4)
Type of treatment
Embolizationb 142 (46.0) 8 (2.9) 2 (25.0) 0 41 (41.4) 2 (2.4)
mTOR inhibitorb 134 (43.4) 35 (12.9) 3 (37.5) 0 51 (51.5) 8 (9.5)
Nephrectomyb 62 (20.1) 5 (1.8) 3 (37.5) 0 22 (22.2) 1 (1.2)
Resectionb 20 (6.5) 1 (0.4) 1 (12.5) 0 5 (5.1) 0
Dialysisc 3 (1.0) 1 (0.4) 0 0 1 (1.0) 1 (1.2)
Other 13 (4.2) 1 (0.4) 0 0 3 (3.0) 0

Values are presented as n (%), unless otherwise specified.
TSC1 vs TSC2 at baseline: *P< 0.01; †P< 0.05; ‡P¼ 0.77.
aPercentage were calculated based on number of patients with at least one renal imaging.
bUsed alone or in combination with other treatment modalities; at baseline in overall population, embolization as single agent was used in 102 of 142 patients; mTOR inhibitors as sin-
gle agent were used in 87 of 134 patients; nephrectomy as single modality was used in 34 of 62 patients and resection as single modality was used in 11 of 20 patients.
cDialysis was used only in combination with other treatment modalities.

Table 3. Treatment modalities according to age

Treatment modalities Age at consent for patients with history of renal angiomyolipoma, n ¼ 1070

�2
(n ¼ 25)

>2 to �5
(n ¼ 77)

>5 to �9
(n ¼ 134)

>9 to �14
(n ¼ 159)

>14 to �18
(n ¼ 103)

>18 to �40
(n ¼ 393)

>40
(n ¼ 179)

Patients received treatment, n (%) 1 (4.0) 1 (1.3) 11 (8.2) 24 (15.1) 27 (26.0) 158 (40.2) 87 (48.6)
Type of treatmenta, n (%)
Dialysis 0 0 0 0 0 2 (1.3) 1 (1.1)
Embolization 0 0 0 2 (8.3) 7 (25.9) 83 (52.5) 50 (57.5)
Nephrectomy 0 0 0 2 (8.3) 3 (11.1) 29 (18.4) 28 (32.2)
Resection 0 0 1 (9.1) 1 (4.2) 3 (11.1) 10 (6.3) 5 (5.7)
mTOR inhibitor 1 (100.0) 1 (100.0) 11 (100.0) 17 (70.8) 16 (59.3) 67 (42.4) 21 (24.1)
Others 0 0 0 0 0 9 (5.7) 4 (4.6)

aUsed alone or in combination with other treatment modalities.
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and 4%), renal malignancy (1.1% and 0.7%) and impaired renal
function (non-angiomyolipoma-related; 1.9% and 2.2%), re-
spectively. Compared with patients with a TSC1 mutation,
those with TSC2mutations had a higher occurrence of multiple
renal cysts (33.4% versus 13.7%) and polycystic kidney disease
(4.5% versus 0%).

DISCUSSION

The TOSCA study represents the largest cohort of TSC patients,
with data accrued from 170 sites across 31 countries worldwide.
The study showed several notable findings. Renal angiomyoli-
poma were reported in 51.8% of patients in the TOSCA cohort,
which was lower than that observed in other studies [8, 10–13].
A probable reason for the lower rates of renal angiomyolipoma
observed in this study was the younger median age of the
TOSCA cohort. As shown in Figure 1, there is markedly
increasing prevalence in the adult age range mirroring that of
the published series rates of 55–80% [11, 15]. In a retrospective
cohort study of 170 patients with TSC, a significant association
between advancing age and the incidence of renal angiomyo-
lipoma was reported [11]. Furthermore, the presence of renal
angiomyolipoma was unknown for 151 patients (6.8%) sug-
gesting no renal imaging was performed in these patients to
confirm or exclude the presence of renal angiomyolipoma.
However, it is important to note that the total number of pa-
tients enrolled in this study was considerably larger than in
previous studies.

A striking finding in our study was the occurrence of
angiomyolipoma in very young children and the need for
treatment as early as 2 years of age or younger (Table 3 and
Figure 1). In the TOSCA cohort the earliest age of diagnosis
of angiomyolipoma was <2 years. This compares with other
studies, which reported an estimated average age of onset to
be between 7.2 and 11.1 years [10–12]. The proportion of
patients receiving treatment for angiomyolipoma increased
progressively with increasing age. About 15% of patients
received treatment by age 14, 27% by age 18, 40% by age 40
and 49% by age>40.

The number of patients with haematuria and hypertension
in the TOSCA cohort was low compared with those reported in
TSC patients in other studies [21–23]. This low incidence of
signs and symptoms could be explained by the high number of
young patients enrolled in the study and also by the preemptive
treatment of renal angiomyolipoma in patients who were under
on-going surveillance (not lapsed from follow-up). On-going
surveillance is recommended in patients with asymptomatic
tumours per international TSC guidelines [24]. Chopra et al.
evaluated adherence to surveillance guideline recommenda-
tions in an Australian TSC cohort and compared it among
adults and pediatric patients [25]. The study showed that
there was a significantly lower rate of adherence to surveil-
lance guidelines in adult patients than in pediatric patients.
This highlights the need for a focused transition plan for TSC
patients transferred to adult care.

Studies have shown a gender disparity among patients with
TSC-associated angiomyolipoma, with more occurrences in

female patients [11, 21, 26]. A retrospective study by Rakowski
et al. showed that complications due to angiomyolipoma were
more common in women than in men with TSC [11].
Furthermore, about two-thirds of the patients recruited in
EXIST-2, a Phase 3 study evaluating the efficacy and safety of
everolimus in patients with angiomyolipoma associated with
TSC or sporadic lymphangioleiomyomatosis, were women
[27]. Both of these findings suggest that women with TSC are
more vulnerable to developing renal complications. The gender
disparity in angiomyolipoma complications raises a possible
role of sex hormones in the pathogenesis of these lesions. Our
study showed a similar finding with higher frequency of renal
angiomyolipoma in females (57.8%) compared with males,
however, this was not statistically significant. A future analysis
is planned (after another years data has been collected) to ascer-
tain if the rate of complications or treatment is higher in
females.

The effect of mutation type on occurrence rate and severity
of renal angiomyolipoma has been reported to be consistently
greater among patients with TSC2 compared with TSC1 muta-
tions [11, 16]. A study by Dabora et al. [16] in 224 unselected
patients with TSC showed that frequency and severity of renal
angiomyolipoma were significantly higher among patients with
TSC2 mutations than those with TSC1 mutations (60% versus
31%, P ¼ 0.03; mean grade 0.97 versus 0.32, P ¼ 0.006). Our
study, in a far larger cohort, confirms these findings. In TOSCA,
patients with TSC2 mutations were at higher risk of developing
renal angiomyolipoma than those with TSC1 mutations. The
occurrence rate of multiple and bilateral angiomyolipoma le-
sions were also higher among those with a TSC2 mutation. In
addition, bleeding complications were observed only in patients
with a TSC2 gene mutation (Table 2), suggesting that the risk is
higher in this group. These findings suggest that mutational
analysis may help predict renal prognosis.

The treatment of renal angiomyolipoma associated with
TSC is mainly focused on preventing acute events, preserving
renal parenchyma and maintaining kidney function. A surpris-
ingly high rate (34.6%) of patients had lesions >3 cm in diam-
eter, a size where active intervention is recommended [24].
Embolization is the preferred therapy for renal angiomyoli-
poma presenting with acute haemorrhage, while mTOR inhibi-
tors are the recommended first-line therapy for asymptomatic
growing angiomyolipoma lesions �3 cm in diameter [9].
Overall, patients with renal angiomyolipoma in our study were
most commonly treated with embolization followed by mTOR
inhibitors. This balance may change with the expanding use of
mTOR inhibitors in younger populations, an important ques-
tion for this ongoing cohort study to address.

The 2012 International TSC Consensus Group recommends
that nephrectomy should be avoided in patients with TSC-
associated renal angiomyolipoma [24]. However, there was a
high rate of nephrectomy in patients in the TOSCA cohort
(20%). When treatment modalities used were stratified by age
of patients, mTOR inhibitors were the most common treatment
modality in patients aged �18 years while embolization and
nephrectomy was more common in patients aged >18 years.
As stated, mTOR inhibitor therapy is now the recommended
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first-line treatment for pre-symptomatic angiomyolipoma
and our cohort data included historical treatment in older
patients. Renal malignancy has been reported in about 2–4%
patients with TSC [28], which is much higher than that
reported in a comparable age group in the general population
[29]. However, the occurrence rate of renal malignancy
observed in this cohort was lower (1.1%) than that reported
previously. However, we need to consider that the rate of
malignancy was calculated based on patients who survived at
the time of analysis.

This study had a number of limitations. First, owing to the
observational nature of the registry, only data already avail-
able from routine clinical practice was collected. However,
participation of a variety of centres with different specialists
has helped inclusion of a large number of patients with TSC,
which are representative of hospital clinical practice.
Furthermore, patients were recruited through clinical centres
with expertise in TSC and hence milder cases may not always
be seen at these centres.

In conclusion, the TOSCA registry highlights the burden of
renal angiomyolipoma in patients with TSC and provides valu-
able insights in understanding the characteristics, complications
and treatment of renal angiomyolipoma in these patients. The
data in the TOSCA registry show that renal manifestations are
generally initially asymptomatic and are influenced by gender
and genotype. Renal angiomyolipoma may occur in patients
aged <2 years but the occurrence rate increases markedly with
time, with up to 49% of patients requiring treatment interven-
tions over 40 years of age.
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