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Aim of the study: Tuberous sclerosis complex (TSC) is a genetic and multisystemic 
disorder that affects between 1/6’000 and 1/10’000 of newborns. Clinical 
criteria and/or genetic analysis establish the diagnosis. The mechanistic target 
of rapamycin (mTOR) inhibitors everolimus or sirolimus reduce the severity 
of several TSC-related clinical traits. We report here on the epidemiology and 
management of TSC patients in a large Swiss canton: the canton of Vaud.

Method: We extracted patient files containing the diagnostic code TSC in 2015 
at the Lausanne University hospital (tertiary reference center for a population of 
about 755’000 people) and in specialized neurological institutions of the same 
region.

Results: We identified 52 patients with a diagnosis of TSC. The majority of 
the patients with a pathologic result in genetic testing were positive for a 
pathogenic variant in the TSC2 gene, including five cases of contiguous gene 
deletion syndrome of TSC2 and PKD1 causing both polycystic kidney disease 
and TSC. The most frequent clinical manifestations encountered were affecting 
the skin (87% of patients), the brain (83%), the heart (46%) and the kidneys (46%). 
Neuropsychiatric disorders were described in 56% of cases. At the time of data 
collection (2015), there were 2 patients using systemic mTOR inhibitors and 
16 patients using topical mTOR inhibitors for dermatological features. Next, 
we compared this data with those of large published cohorts. While we found 
fewer cases than expected for the screened population, demographic as well 
as genetic data were overall similar to the literature. However, we observed that 
some clinical manifestations (renal, lung and neuropsychiatric disorders) were 
less frequently described in our cohort.

Conclusion: This work indicates that TSC and some of its clinical manifestations 
is under-reported. It raises concern that patients with mild manifestations are 
often not referred to reference centers with dedicated multidisciplinary group. 
The follow-up by expert board is instrumental in offering systematic screening of 
all putatively affected organs and to assess the eligibility for targeted treatment.
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1 Introduction

Tuberous sclerosis complex (TSC) is a rare genetic disorder that 
may affect almost any organ. The incidence of the disease is estimated 
between 1/6’000 and 1/10’000 newborns. The pattern of transmission 
is autosomal dominant, however, about two thirds of cases are linked 
to de novo mutations. The disease is caused by pathogenic variants in 
TSC1 or TSC2 genes that alter the function of proteins, respectively, 
called hamartin and tuberin. These two proteins form a heterodimer 
that regulates cell growth and proliferation through the mechanistic 
target of rapamycin (mTOR) complex. In TSC, the dimer is not 
functional and the mTOR cascade is constitutively activated, resulting 
in the formation of multiples benign tumors (also called hamartoma) 
throughout the body (1–4).

The clinical manifestations of TSC are broad with highly 
variable degrees of severity but, overall, the morbidity and 
mortality of this condition are high. The main affected organs are 
the brain {tubers/migrational defects, epilepsy, subependymal 
nodules (SENs) or subependymal giant cell astrocytomas 
(SEGAs)}, the kidneys {angiomyolipomas (AMLs), cysts}, the skin 
{for example angiofibroma, hypomelanic macules}, the lungs 
{lymphangioleiomyomatosis (LAM), multifocal micronodular 
pneumocyte hyperplasia (MMPH)}, the heart {rhabdomyomas} 
and the eyes {retinal hamartomas}. In addition, the patients often 
have TSC-associated neuropsychiatric disorders (TAND) such as 
autism spectrum disorders, intellectual disability, attention 
deficit/hyperactivity disorders or anxiety disorders (5–9).

For years, only symptomatic treatments were available. However, 
advances in the understanding of the role of the mTOR pathway in 
TSC have led to the use of mTOR inhibitors (10, 11). Everolimus is 
approved for patients with SEGAs when surgery is not possible or 
when the tumor is invasive, bilateral or multiple (12, 13). Moreover, 
everolimus is approved for patients with renal AMLs, reducing the 
tumor size and preventing spontaneous rupture and retroperitoneal 
bleeding, an event which occurs in large AMLs and may be  life-
threatening (14–16). In 2018, mTOR inhibitors were approved in 
Switzerland for patients with intractable epilepsy due to its effect in 
reducing seizures frequency (17–19). Pulmonary LAM is also 
stabilized by mTOR inhibitors (20, 21), and an effect of everolimus has 
also been observed on MMPH (22). For skin lesions, the use of topical 
mTOR inhibitors is preferred if no systemic indication is warranted 
(23). However, everolimus is not effective in TAND (24).

The Canton of Vaud in Switzerland has a population of about 
755′000 people and its University hospital is a tertiary reference center 
for the whole state. No data on the number of patients suffering from 
TSC or on their follow-up and treatment are available in the covered 
region. We aimed at finding patients followed up in the state and at 
describing the demography and clinical characteristics. Our second 
aim was to identify patients that would benefit from mTOR 
inhibitors treatment.

2 Methods

The Ethics Committee of the State approved the protocol. Given 
the observational nature of the study, the need for informed consent 
was waived. The data were anonymized. We asked the archiving center 
to extract the charts of all patients carrying the diagnosis of TSC found 

in electronic archives of the Lausanne University hospital in 2015. In 
parallel, the physicians in charge of TSC patients who are part of the 
TSC board of the Lausanne University hospital (regrouping specialists 
of the pediatric and adult ages for each of the organs involved in TSC) 
contributed to patients identification as well as specialized neurologic 
institutions of the Canton of Vaud where patients with epilepsy and/
or intellectual disability might be  living (especially the Institution 
de Lavigny).

We used the modified criteria of Gomez to ascertain that the 
patients met the diagnosis of TSC (6). We collected information on 
gender, age, ethnicity, involved organs, genetic analysis and 
treatments received.

Descriptive statistics were used as appropriate. For age, we used 
the median value and standard deviation as the distribution of our 
population was asymmetrical. The prevalence was calculated 
according to the population of the state in 2015. When no mention 
was made in the file of a manifestation or a treatment, we inferred that 
the patient did not suffer from the said manifestation or received the 
said treatment.

3 Results

3.1 Demography

We identified 52 patients with a diagnosis of TSC in 2015 in the 
State of Vaud, Switzerland in which lives a population of about 755′000 
persons. Prevalence is thus about 1/15′000. The median age at the time 
of data collection of the patients was 23 (±16) years (Figure 1) and the 
majority of patients were females (60%).

3.2 Clinical presentation

The first manifestations of TSC retrieved in the patient charts were 
epilepsy, cardiac rhabdomyomas and facial angiofibromas (Figure 2). 
They appeared at a median age of 9 months (± 6 years). The diagnosis 
of TSC was established at a median age of 5 years (± 9 years) usually 
when the addition of other features than the initial manifestation 
raised the suspicion of a systemic and more complex disorder. In 59% 
of cases, TSC was recognized as the initial diagnosis but in 41% of the 
cases, patients were first categorized under various forms of epilepsy.

We further analyzed the pattern of organ involvement. The most 
frequent manifestations were neurologic (47 patients, 90%), including 
neuropsychiatric disorders, followed by dermatologic (45 patients, 
87%), cardiac (24 patients, 46%) and renal (24 patients, 46%). Lung 
manifestations, found in 13% (7 patients) of the cohort, developed 
later than the others, at a mean age of 30 years and were reported as 
LAM, lung cysts, MMPH and, in one case, pneumothorax.

The neurological features consisted in structural brain 
abnormalities, TAND and epilepsy. On 41 brain MRI available, 
we found 41 with tubers, 27 with SENs and 10 with SEGAs (Figure 3). 
The TSC-associated neuropsychiatric disorders we  found were 
intellectual disabilities in 28 patients and autism in 5 patients. 
Regarding epilepsy, the patients often had focal epilepsy or infantile 
epileptic spasms syndrome.

Regarding renal phenotypic presentation, high blood pressure was 
reported in 7 patients of the cohort and chronic renal disease in 6 
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patients. Ophthalmologic, oral, hepatic and splenic manifestations 
were also described, but less frequently (Table 1).

3.3 Treatments

The main treatment category used was antiseizure medication 
with one to four drug classes combined. At the time of data collection, 
there were only 2 patients using systemic mTOR inhibitors, but 16 
used topical mTOR inhibitors for dermatological purposes. Thirteen 
patients (25%) had surgery for neurological problems (symptomatic 
SEGAs or refractory epilepsy) and 6 patients (11%) had selective renal 
artery embolization or nephrectomy for AML (Figure 4).

3.4 Genetics

Genetic analysis was performed in 29 patients (56%). Results were 
available for 25 patients. In 5 patients, no pathogenic variant was 
identified. Fifteen pathogenic variants were identified by sequencing 
analysis, 8 in the TSC2 gene and 7 in the TSC1 gene. In addition, a 
contiguous gene deletion syndrome (deletion of both TSC2 and PKD1 
genes, causing both TSC and polycystic kidney disease) was identified 
in 5 cases (Figure 5).

Five patients had children at the time of data collection. Of these 
5 children, 4 were genetically tested and only one was carrying the 
parental variant.

4 Discussion

Due to the unfortunate passing of one of the main investigators, 
publication of our results has been delayed. Nevertheless, we believe 
that our findings provide an insight of interest into the epidemiology 

of tuberous sclerosis patients in the canton of Vaud, Switzerland. 
However, it should be borne in mind that treatment recommendations 
have changed between 2015 and now, with a broadening of the 
indications for mTORi that give an explanation to the low number of 
patients treated by mTORi in this study.

This work is the first one that attempts to identify all patients 
suffering from TSC in a dedicated state of Switzerland. We searched 
for TSC patients in a tertiary university hospital and in specialized 
institutions hosting patients with epilepsy or patients with severe 
cognitive impairment, thus probably enriching our cohort with the 
most severe cases.

According to the published estimated prevalence of the disease 
(1/6′000–1/10′000), we expected to find 75 to 126 patients with TSC 
in the State of Vaud (according to the total population in 2015), but 
found only 52. One explanation for this gap might be  that some 
patients might have been missed by our search. We  checked for 
patients in the electronic files of a tertiary university hospital and in 
one specialized institution. However, some patients might have been 
classified under other diagnosis. Alternatively, patients with milder 
forms of TSC might have been followed-up by physicians in private 
practice (dermatologists, neurologists, pneumologists, and 
nephrologists) or in other institutions or hospitals. Altogether, it 
appears that this cohort probably underestimate the real TSC 
population and might be enriched with the most severe cases. These 
findings may also be  the results of the absence of a centralized 
management until this assessment, with a proportion of patients being 
followed by local specialists.

We compared these results obtained in Switzerland with 
previously published data obtained from the International Tuberous 
Sclerosis Complex Consensus Conference of 2012, updated in 2021 
(6, 7, 25).

Our demographical data matched the previously published data 
reporting epilepsy as first manifestation, followed by cardiac 
rhabdomyomas (26–28). A delay between the first suspicion of TSC 
and the actual TSC diagnosis is reported in the literature (7,14), and 
was 2 years on average in our cohort. This illustrates the diagnostic 
wandering that is typical for rare disorders, with an early putative 

FIGURE 1

Age of the patients at the time of the study.

FIGURE 2

First manifestation of TSC. The first clinical manifestation of TSC is 
reported in percentage. Not defined means that the initial 
manifestation was not retrieved in the patient chart. GDD: global 
developmental delay.
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diagnosis of TSC that is confirmed only later with the appearance of 
additional manifestations.

The number of familial forms found in our cohort is similar to 
previously published data (3). However, the parent-to-child 
transmission observed in our population was lower than expected, 
probably due to the limited size of our cohort. Moreover, some familial 
cases were probably missed by our survey, as mildly affected parents 
or cases of mosaicism might have been undiagnosed.

In our cohort, only 29 patients (56%) had genetic analysis. This 
may be related to the timing of the study, which was when genetic 
testing was not generalized and was difficult to get reimbursed by 
health insurances in Switzerland. We infer that if more tests would 
be done routinely, more diagnosis would be ascertained and more 
cases with unclear clinical presentation would be  amenable 
to diagnosis.

Genetic analysis confirmed the diagnosis in 80% of cases (20/25), 
which is similar to the data in the literature (2, 7). However, in our 
cohort, the proportion of cases linked to a variant of the TSC2 gene 
was higher than expected. The high proportion of contiguous 
deletions of the TSC2/PKD1 gene could be linked to the contribution 
of nephrologists in this work.

As illustrated on Figure 6, the phenotypes identified in our cohort 
were overall comparable to previously published data on TSC (6, 7). 
However, we noted a few remarkable exceptions with lung and renal 
manifestations as well as shagreen patches and autistic disorders that were 
less often described in our database compared to others. Regarding lung 
manifestations, the under-reporting may result from the lack of 
symptoms at early stages of the disease and from the lack of systematic 
screening at that time (29, 30). The under-reporting of some clinical 
manifestations reflects the past management of TSC patients who were 
not screened for all organ manifestations at that time. These data call for 

FIGURE 3

Cerebral abnormalities. The number of patients identified with 
cerebral abnormalities is indicated. No MRI was available for 11 
patients. SENs: subependymal nodules, SEGAs: subependymal giant 
cell astrocytomas.

TABLE 1 Clinical manifestations.

Organ involvement Number of 
patients

Median age of 
appearance in 

years (SD)

TAND 29/52 (56%) N/A

  Intellectual disability/

GDD

28/52 (56%) N/A

  Autism 5/52 (10%) N/A

Neurologic 43/52 (83%)

  Epilepsy 36/52 (69%) 0.5 (2)

  SENs 27/52 (52%) 4.5 (9)

  SEGAs 10/52 (19%) 4.5 (9)

Skin 45/52 (87%)

  Hypomelanic macules 36/52 (69%) 1 (6.5)

  Angiofibromas 36/52 (69%) 5 (5.5)

  Shagreen patch 13/52 (25%) 7 (9)

Cardiac rhabdomyomas 24/52 (46%) 0.5 (3)

Lung 7/52 (13%)

  LAM 5/52 (10%) 30 (N/A)

  MMPH 6/52 (11%) 23 (10)

  Lung cysts 2/52 (4%) 30 (N/A)

  Pneumothorax 1/52 (2%) N/A

Kidney 24/52 (46%)

  Angiomyolipomas 21/52 (40%) 10 (4.5)

  Polycystic kidney 5/52 (10%) 5 (3.5)

SD: Standard deviation; TAND: TSC-associated neuropsychiatric disorders; GDD: global 
developmental delay; SEN: subependymal nodules; SEGA: subependymal giant cell 
astrocytomas; LAM: lymphangioleiomyomatosis; MMPH: multifocal micronodular 
pneumocyte hyperplasia.

FIGURE 4

Treatment received. The number of patients receiving each 
treatment is indicated. Neurological procedures include tumor 
resections, lobectomies and ventriculo-peritoneal shunts. Renal 
procedures include arterial embolization, nephrectomy and renal 
transplantation. Dermatological procedures include laser treatments 
and excisions of skin tumors.
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improvement in the management of TSC patients and for systematic 
screening of all organs annually, according to the updated international 
TSC recommendations (14). After transition from childhood to 
adulthood, follow-ups seem less frequent and we  noticed that later 
manifestations of TSC were under-represented in our cohort. This might 

be due to scarce transition at adolescence. Implementation of transition 
clinics between childhood and adulthood is expected to bring 
improvements in the follow-up of adult patients.

Based on this assessment, the Lausanne University hospital has since 
then launched a multidisciplinary group of specialists including 
neurologists, neuropediatricians, nephrologists, nephropediatricians, 
pneumologists, dermatologists and geneticists. This group holds regular 
meetings to discuss screening, diagnosis and treatment possibilities for 
TSC patients. This multidisciplinary and trans-age board should provide 
a better management of patients and help filling the gap noticed in the 
systematic screening of all organs putatively affected by the disease.

Two patients were started on mTOR inhibitors for SEGA or AML, 
but when data were censored, the follow-up was too short to draw 
conclusions on any positive impacts or adverse events of this treatment. 
More than 30% of our patients were applying topical rapamycin cream 
on facial angiofibromas with fair efficiency and tolerance.

No death was reported in the medical charts of the patient 
identified in our cohort. There are only scarce data about the mortality 
rate of TSC patients in the literature. A Dutch study performed 
between 1990 and 2012 reported 29 deaths in a total of 351 TSC 
patients, i.e., a 8% mortality rate over 15 years of surveillance, i.e., five 
time higher than a randomly selected group of subjects matched for 
age and gender (31).

FIGURE 5

Genetic testing. The results of genetic analysis for the 52 patients are 
indicated.
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This study has limitations. First, this is a small cohort. This may 
explain why the numbers presented do not always match those found in 
larger international cohorts. However, the coverage for most severe cases 
and the description of their phenotype were probably extensive. Second, 
this study is only retrospective and cross-sectional. Therefore, 
longitudinal information about the evolution of the patients is 
incomplete. Finally, the methodology used to identify patients may have 
introduced a selection bias. Indeed, patients with a mild spectrum of TSC 
may not have been referred to our center. Conversely, severely affected 
patients living in institutions for disabled people may not have been 
all detected.

5 Conclusion

This study identified TSC patients in one large state of Switzerland and 
characterized them. It suggested that the diagnosis of milder forms of TSC 
probably remains a challenge and that all organs potentially involved should 
be screened for at the time of diagnosis and a regular basis according to 
recommendations. It highlighted the need for specific multidisciplinary 
care as it is offered at the Lausanne University Hospital with the dedicated 
TSC group. In 2024, with the help of a multidisciplinary management, 
patients are all evaluated for mTORi treatment and followed up over time.
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