
Background
• Tuberous sclerosis complex (TSC) is a multisystem genetic disorder with a global incidence of 1 per 6-10,000 live births (1.5 million 

people).1, 2

• Although rare, the presentation of TSC manifestations are complex with severity varying between patients.1, 3-5

• TSC is characterized by growth of benign tumours (hamartomas) in various organs throughout the body, including the brain, 
kidney, lungs, and skin.1 

 – It also causes TSC-Associated Neuropsychiatric Disorders (TAND), having a strong impact on the quality of life (QoL) and 
psychosocial status of both the patients and their families.6,7

• Past research on the TSC mainly focused on the epidemiology, diagnostic criteria and the treatment efficacy8; there is no large-
scale study evaluating the disease implications on QoL and social health of TSC patients and their families.

• Here we present the results of the TuberOus SClerosis registry to increase disease Awareness (TOSCA) study research project 
that aimed to evaluate the impact of TSC on the lives of patients and/or their caregivers in terms of burden of illness (BOI) and QoL.

Methods
• TOSCA was a large-scale, non-interventional study designed with a “core” section to record patient background information, 6 

research projects that focused on specific disease manifestations, and a European post authorization safety study (PASS).
• Patients from 7 European countries who were enrolled into the TOSCA study were also eligible for this QoL research project after 

signing specific informed consent. 
• All enrolled patients or their caregivers were asked to complete validated paper questionnaires in the local languages to collect 

information on BOI and QoL:
 – EuroQol-5D (EQ-5D) for adult patients (EQ-5D proxy version 1 was completed by the caregiver for children and for adults who 

were unable to complete the report by themselves
 – Quality of Life in Epilepsy Inventory-31-Problems (QOLIE-31P) for adult patients with epilepsy
 – Life in Childhood Epilepsy (QOLCE) for children <10 years old with epilepsy (filled by caregivers) 
 – Quality of Life in Epilepsy Inventory for Adolescents-48 (QOLIE-AD-48) for children aged 11-17 years with epilepsy

• For BOI, data were collected based on ancillary questions developed in collaboration with patient representatives and aimed to 
address specific disease topics including patient assistance requirements and support/rights, allowance and insurance, access 
to healthcare resources, sources of information, clinical trial experience, satisfaction with treatment aspects, impact on education 
and employment situation of the individual with TSC and caregivers or other family members, financial impact, and genetic testing 
and counseling. In addition, all physicians were requested to answer questions in PRF (Physician Reported Form) regarding 
hospitalization and consultations in the past 12 months.

Results
• A total of 143 patients (55 adults and 88 children) from 7 European countries were enrolled in this research project as part of the 

TOSCA study (Table 1). 
 – Among the 55 adults, 38 were able to complete the questionnaire independently, whereas caregivers completed the 

questionnaire for 17 patients who were unable to complete the questionnaires by themselves.
 – Among the 88 children, 17 were able to complete the questionnaire independently, whereas caregivers completed the 

questionnaire for 71 patients who were unable to complete them. 

Table 1. Demographic Characteristics
Adults (≥18 years) 

(N=55)
Children (<18 years)

(N=88)
Overall 

(N=143)

Sex, n (%)
Male 17 (30.9) 37 (42.0) 54 (37.8)
Female 38 (69.1) 50 (56.8) 88 (61.5)
Missing 0 1 (1.1) 1 (0.7)

Age at consent (years)
n 55 87 142
Mean (SD) 35.6 (12.71) 9.8 (4.30) 19.8 (15.24)
Median (range) 34 (18-72) 11 (3-20) 14 (3-72)

Duration of TSC (years)
n 54 87 141
Mean (SD) 21.3 (10.33) 8.7 (4.25) 13.5 (9.44)
Median (range) 19.6 (1.8-43.5) 8.6 (1.6-19.9) 11.2 (1.6-43.5)

Country, n (%)

Belgium  13 (23.6)  11 (12.5)  24 (16.8)
France  9 (16.4)  21 (23.9)  30 (21.0)
Germany 0  11 (12.5)  11 (7.7)
Italy  30 (54.5)  28 (31.8)  58 (40.6)
Spain 0  11 (12.5)  11 (7.7)
Sweden 0  6 (6.8)  6 (4.2)
UK  3 (5.5) 0  3 (2.1)
Patients with epilepsy 28 39 67

Duration of epilepsy (years) at start of 
research project

n 27 39 66
Mean (SD) 27.1 (13.23) 9.3 (4.10) 16.6 (12.53)
Median (range) 31.2 (2.7-55.4) 9.4 (2.8-16.9) 12.8 (2.7-55.4)

Epilepsy types*, n (%)

Infantile spasms (IS) 7 (25.0) 26 (66.7) 33 (49.3)
Focal seizures (FS) 24 (85.7) 34 (87.2) 58 (86.6)
Both IS and FS 5 (17.9) 23 (59.0) 28 (41.8)
Other 11 (39.3) 13 (33.3) 24 (35.8)

*Includes a patient with more than 1 seizure type.
FS, focal seizure; IS, infantile spasm; SD, standard deviation; TSC, tuberous sclerosis complex; UK, United Kingdom

Burden of TSC
Social and healthcare needs
• In total, 14 of 55 adults (25.5%) and 21 of 88 of children (23.9%) needed extra assistance at home. Of these, 85.7% of adults and 

76.2% of children, assistance was provided by unpaid caregivers (a family member or friend) (Table 2).
• Seventy-three patients (51%) reported that social services did not give adequate support and information.
• Forty-one patients (28.7%) reported that they did not have any health insurance.

Table 2. Burden of Illness
Adults (≥18 years)

(N=55)
Children (<18 years)

(N=88)
Overall

(N=143)
Assistance at home, n (%) 14 (25.5) 21 (23.9) 35 (24.5)

Allowance, n (%)

Disability allowance
Yes 21 (38.2) 45 (51.1) 66 (46.2)
No 33 (60.0) 38 (43.2) 71 (49.7)
Missing 1 (1.8) 5 (5.7) 6 (4.2)

Caregiver allowance
Yes 0 10 (11.4) 10 (7.0)
No 46 (83.6) 68 (77.3) 114 (79.7)
Missing 9 (16.4) 10 (11.4) 19 (13.3)

Psychological counseling
Yes 3 (5.5) 12 (13.6) 15 (10.5)
No 43 (78.2) 67 (76.1) 110 (76.9)
Missing 9 (16.4) 9 (10.2) 18 (12.6)

Social worker assistance
Yes 1 (1.8) 7 (8.0) 8 (5.6)
No 44 (80.0) 71 (80.7) 115 (80.4)
Missing 10 (18.2) 10 (11.4) 20 (14.0)

Social services support
Yes 2 (3.6) 4 (4.5) 6 (4.2)
No 43 (78.2) 74 (84.1) 117 (81.8)
Missing 10 (18.2) 10 (11.4) 20 (14.0)

Support in completing 
paperwork regarding 
benefits available

Yes 2 (3.6) 5 (5.7) 7 (4.9)
No 42 (76.4) 75 (85.2) 117 (81.8)

Missing 11 (20.0) 8 (9.1) 19 (13.3)

Insurance, n (%)

Yes 22 (40.0) 61 (69.3) 83 (58.0)
No 23 (41.8) 18 (20.5) 41 (28.7)
Not applicable 2 (3.6) 0 2 (1.4)
Missing 8 (14.5) 9 (10.2) 17 (11.9)

Genetic testing, n (%)
Patient had genetic testing for TSC 47 (85.5) 70 (79.5) 117 (81.8)
Patient was offered genetic testing but did not do it 1 (1.8) 4 (4.5) 5 (3.5)
Patient had not been offered genetic testing for TSC 4 (7.3) 7 (8.0) 11 (7.7)

Genetic counseling, n (%)

Patient had genetic counseling 36 (65.5) 52 (59.1) 88 (61.5)
Patient was offered genetic counseling but decided 
not to have it

0 3 (3.4) 3 (2.1)

Patient had not been offered genetic counseling for TSC 10 (18.2) 23 (26.1) 33 (23.1)

Number of doctors 
managing TSC, 
n (%)

1 18 (32.7) 25 (28.4) 43 (30.1)
2 6 (10.9) 14 (15.9) 20 (14.0)
3 5 (9.1) 11 (12.5) 16 (11.2)
>3 22 (40.0) 37 (42.0) 59 (41.3)
Missing 4 (7.3) 1 (1.1) 5 (3.5)

TSC is managed by*, n (%)

General practitioner/family doctor 15 (27.3) 18 (20.5) 33 (23.1)
TSC specialist 44 (80.0) 51 (58.0) 95 (66.4)
Other specialist 26 (47.3) 56 (63.6) 82 (57.3)
Missing 1 (1.8) 2 (2.3) 3 (2.1)

Access to TSC clinic when 
required, n (%)

Yes 45 (81.8) 56 (63.6) 101 (70.6)
No 7 (12.7) 27 (30.7) 34 (23.8)
Missing 3 (5.5) 5 (5.7) 8 (5.6)

*Participants may have provided more than 1 answer
TSC, tuberous sclerosis complex

• Fifty-nine patients (41.3%) reported that they were followed for TSC managing by more than 3 physicians, whereas TSC was 
managed by a TSC specialist in 95 patients (66.4%). No access to TSC clinics when required were reported by 34 patients (23.8%), 
whereas 60 patients (42%) reported that a TSC clinic was > 50 km from their home. 

• For 117 patients, genetic testing for TSC was performed (81.8%). However, for 33 patients (23.1%) no genetic counseling was offered.
• Sixty-eight patients (47.6%) were in contact with a TSC association and 69 (48.3%) were not.
• Overall, 65 patients (45.5%) were very satisfied with the level of involvement in treatment decisions, 78 (54.5%) with the explanation of 

treatment options, 71 (49.7%) with management of all aspects of TSC, 73 (51%) with easy access to the prescribed drugs, 71 (49.7%) with 
explanations on TSC condition and 63 (44.1%) with medical care for TSC (Figure 1).

Figure 1. Satisfaction with Treatment Aspects (N=143)
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Education (in children) or employment (in adults)
• Of the 88 enrolled children, 57 (64.8%) were in mainstream education. Of these, 37 (42%) received additional support in class.
• Of the 55 enrolled adults, 28 (50.9%) reported that their career/education was impacted by TSC. 
• Of the 28 adults with epilepsy, 15 (53.6%) reported an impact on their career/education due to TSC.

Impact on family
• Career/education of other members of the family was impacted by TSC in 15 adults (27.3%). Family, social, and working 

relationships of the caregiver were impacted by the child’s TSC condition in 29 families (52.7%).
• Career/education of the caregiver was impacted by TSC in 50 children (56.8%). Family, social, and working relationships of the 

caregiver were impacted by the child’s TSC condition in 41 families (46.6%).

Pediatric/adult care for adult patients
• Of the 55 enrolled adults, 18 patients (32.7%) reported availability of adult care in their area, and smooth transition from pediatric 

to adult care was reported in 23 (41.8%). 

Physician reported outcomes
• Of the 143 enrolled patients, 42 (29.4%) were hospitalized in the last 12 months since the enrolment in this research project. Main 

reasons for hospitalization: elective (32 patients [22.4%], mostly due to investigation and nuclear magnetic resonance imaging) 
and emergency (11 patients, 7.7%, mostly due to epilepsy). In 33 patients (23.1%), the reason for hospitalization was TSC-related.

• With regard to physician consultations in the past 12 months, no TSC-related visits to site were performed in 
57 patients (39.9%), no TSC-related visits to other specialists in 42 patients (29.4%) and no TSC-related visits to a primary care 
physician in 57 patients (39.9%).

Quality of Life
• EQ-5D questionnaire: 143 patients filled the EQ-5D questionnaire. From the results of each level of the 5 dimensions, 34 patients 

(23.8%) reported some difficulty in mobility and 32 (22.4%) reported difficulty in self-care (Figure 2). Twenty-six patients (18.2%) 
were unable to perform usual activities. Sixty-two patients (43.4%) reported moderate anxiety/depression, whereas 6 patients 
(4.2%) reported extreme anxiety/depression. On the thermometer scale of 0 to 100, (100 being the best state of health imaginable 
and 0 as the worst state imaginable), the mean score was 70.6. 

• QOLIE-31-P questionnaire: Twenty-four adult patients filled the questionnaire. The final scale score of the QOLIE-31 
questionnaire was 71.6. Most important areas related to epilepsy according to the patient was seizure worry. The mean health 
state score was 70 (recorded on a scale from 0 to 100, with 0 being the worst health state imaginable and 100 the best).

• QOLCE questionnaire: 70 caregivers of patients filled out the questionnaire. Mean final QOLCE questionnaire score was 52.3. 
The highest score was reported for depression and the lowest for other cognitive issues.

Figure 2. Summary of the EQ-5D Questionnaire
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Conclusions
• TOSCA is the first multinational clinical study to evaluate BOI and QoL in patients with TSC. 
• Overall, the results suggest that although TSC is considered as a rare disease, it has a great impact on the patients 

and/or their caregivers or family owing to the varied extent and severity of its manifestations among patients.
• TSC has major impacts on patients and their families’ health and social well-being. These could be markedly ameliorated by 

better educational, social, and medical support.
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