1' frontiers
in Neurology

ORIGINAL RESEARCH
published: 02 August 2019
doi: 10.3389/fneur.2019.00821

OPEN ACCESS

Edited by:
Sergio Rosemberg,
Santa Casa of S&o Paulo, Brazil

Reviewed by:

Andrea Domenico Pratico,
University of Catania, Italy

Felippe Borlot,

Hospital for Sick Children, Canada

*Correspondence:
Anna C. Jansen
anna.jansen@uzbrussel.be

Novartis employee at the time of
manuscript concept approval

Specialty section:

This article was submitted to
Pediatric Neurology,

a section of the journal
Frontiers in Neurology

Received: 06 April 2019
Accepted: 16 July 2019
Published: 02 August 2019

Citation:

Jansen AC, Belousova E, Benedik MP,
Carter T, Cottin V, Curatolo R
D’Amato L, Beaure d’Augeres G,

de Vries PJ, Ferreira JC, Feucht M,
Fladrowski C, Hertzberg C, Jozwiak S,
Lawson JA, Macaya A, Marques R,
Nabbout R, O’Callaghan F, Qin J,
Sander V, Sauter M, Shah S,
Takahashi Y, Touraine R, Youroukos S,
Zonnenberg B and Kingswood JC
(2019) Newly Diagnosed and Growing
Subependymal Giant Cell
Astrocytoma in Adults With Tuberous
Sclerosis Complex: Results From the
International TOSCA Studly.

Front. Neurol. 10:821.

doi: 10.3389/fneur.2019.00821

Check for
updates

Newly Diagnosed and Growing
Subependymal Giant Cell
Astrocytoma in Adults With Tuberous
Sclerosis Complex: Results From the
International TOSCA Study

Anna C. Jansen ™, Elena Belousova?, Mirjana P. Benedik?3, Tom Carter*, Vincent Cottin®,
Paolo Curatolo®, Lisa D’Amato ", Guillaume Beaure d’Augéres?, Petrus J. de Vries®,
José C. Ferreira™, Martha Feucht', Carla Fladrowski ', Christoph Hertzberg ',
Sergiusz Jozwiak ', John A. Lawson'’, Alfons Macaya ', Ruben Marques ™,

Rima Nabbout?®, Finbar O’Callaghan?’, Jiong Qin?2, Valentin Sander?, Matthias Sauter?*,
Seema Shah?°, Yukitoshi Takahashi®®, Renaud Touraine?, Sotiris Youroukos?,

Bernard Zonnenberg? and John C. Kingswood® on behalf of TOSCA Consortium and
TOSCA Investigators

" Pedliatric Neurology Unit, Department of Pediatrics, UZ Brussel VUB, Brussels, Belgium, 2 Research and Clinical Institute of
Pediatrics, Pirogov Russian National Research Medical University, Moscow, Russia, ° Child Neurology Department, SPS
Pediatricna Kiinika, Ljubljana, Slovenia, * Tuberous Sclerosis Association (TSA), Nottingham, United Kingdom, ° Hopital Louis
Pradel, Claude Bernard University Lyon 1, Lyon, France, ° Child Neurology and Psychiatry Unit, Systems Medicine
Department, Tor Vergata University Hospital, Rome, Italy, ” Novartis Farma S.p.A., Origgio, Italy, ¢ Association Sclérose
Tubéreuse de Bourneville, Gradignan, France, ° Division of Child and Adolescent Psychiatry, University of Cape Town,

Cape Town, South Africa, '° Neurology Department, Centro Hospitalar Lisboa Ocidental, Lisbon, Portugal, '" Medical
University of Vienna, Universitétsklinik fiir Kinder-und Jugendheilkunde, Vienna, Austria, '? Associazione Sclerosi Tuberosa
ONLUS, Milan, Italy, ' European Tuberous Sclerosis Complex Association, Dattein, Germany, ™ Zentrum fiir Neuropédiatrie
und Sozialpédiatrie, Vivantes-Kilinikum Neukdlln, Berlin, Germany, '® Department of Child Neurology, Warsaw Medical
University, Warsaw, Poland, '® Department of Neurology and Epileptology, The Children’s Memorial Health Institute, Warsaw,
Poland, " The Tuberous Sclerosis Multidisciplinary Management Clinic, Sydney Children’s Hospital, Randwick, NSW,
Australia, ® Pediatric Neurology Section, Hospital Universitari Vall d’Hebron, Barcelona, Spain, '° Institute of

Biomedicine (IBIOMED), University of Leon, Ledn, Spain, #° Department of Pediatric Neurology, Necker Enfants Malades
Hospital, Paris Descartes University, Paris, France, 2’ Paediatric Neuroscience, Institute of Child Health, University College
London, London, United Kingdom, # Department of Pediatrics, Peking University People’s Hospital, Beijiing, China,

25 Neurology and Rehabilitation, Tallinn Children Hospital, Tallinn, Estonia, * Klinikum Kempten, Klinikverbund
Kempten-Oberallgdu gGmbH, Kempten, Germany, 2> Novartis Healthcare Pvt Ltd., Hyderabad, India, *° National Epilepsy
Center, Shizuoka Institute of Epilepsy and Neurological Disorders, NHO, Aoi-ku, Japan, ?” Department of Genetics,
CHU-Hépital Nord, Saint Etienne, France, % First Department of Paediatrics, Athens University, St. Sophia Children’s
Hospital, Athens, Greece, #° Department of Internal Medicine, University Medical Center, Utrecht, Netherlands, *° Cardiology
Clinical Academic Group, Molecular and Clinical Sciences Research Centre, St. Georges University of London, London,
United Kingdom

The onset and growth of subependymal giant cell astrocytoma (SEGA) in tuberous
sclerosis complex (TSC) typically occurs in childhood. There is minimal information on
SEGA evolution in adults with TSC. Of 2,211 patients enrolled in TOSCA, 220 of the 803
adults (27.4%) ever had a SEGA. Of 186 patients with SEGA still ongoing in adulthood,
153 (82.3%) remained asymptomatic, and 33 (17.7%) were reported to ever have
developed symptoms related to SEGA growth. SEGA growth since the previous scan
was reported in 39 of the 186 adults (21%) with ongoing SEGA. All but one patient with
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growing SEGA had mutations in TSC2. Fourteen adults (2.4%) were newly diagnosed
with SEGA during follow-up, and majority had mutations in TSC2. Our findings suggest
that surveillance for new or growing SEGA is warranted also in adulthood, particularly in
patients with mutations in TSC2.

Keywords: mTOR, registry, SEGA, TOSCA, tuberous sclerosis complex

INTRODUCTION

Tuberous sclerosis complex (TSC) is an autosomal dominant
disorder characterised by hamartomas in multiple organs, with
the brain being the most commonly affected organ (1, 2).
Subependymal giant cell astrocytoma (SEGA) occurs at the
foramen of Monro, with a reported lifetime prevalence between
5 and 24% (3, 4). Although SEGAs are generally benign and
non-infiltrative, these may grow, and obstruct cerebrospinal fluid
(CSE) flow, thereby increasing intracranial pressure. Typical
symptoms of growing SEGA include headaches, blurred vision,
nausea, vomiting, worsening of seizure control or new-onset
seizures, and sudden death from acute hydrocephalus (3, 5).

Diagnosis of SEGA has changed from pathology-based
to imaging-based (6, 7), but formal diagnostic criteria have
only been available since 2012, when an expert panel at
the International Tuberous Sclerosis Complex Consensus
Conference defined SEGA as a lesion at the caudothalamic
groove with a size of >1cm in any direction or a subependymal
lesion at any location which has shown serial growth on
consecutive imaging regardless of size (7). All SEGA-related
studies performed before 2012 have been based on variable
criteria, thus limiting the value of comparison (8).

Onset and growth of SEGA has been reported most commonly
in the first two decades of life (9). In two of the largest series
of operated SEGAs, the mean age of surgical intervention was
9.7 years (10), and 11.6 years, (11) suggesting that growth
is most common at this age. SEGA have been reported in
neonates (9). Data on SEGA prevalence and growth in adults are
scarce. A retrospective case series of 16 patients with TSC who
required SEGA surgery, highlighted that SEGA can still become
symptomatic later in life (12).

Present guidelines recommend that patients with
asymptomatic SEGA diagnosed during childhood should
continue to be imaged periodically as adults to ensure that
there is no growth (13). Patients with large or growing SEGA
or with SEGA causing ventricular enlargement that are still
asymptomatic, should undergo MRI (magnetic resonance
imaging) scans more frequently, and such patients and their
families should be educated regarding the symptoms of raised
intracranial pressure (7).

Surgical resection (occasionally VP shunt alone) is the
recommended intervention for acutely symptomatic individuals,
while either surgical resection or medical therapy with
mammalian/mechanistic target of rapamycin (mTOR) inhibitors
can be effective for individuals with growing asymptomatic SEGA
(13). Treatment decisions should be based on multiple factors
such as the patient’s clinical condition, anatomic considerations

specific to SEGA, surgeon’s experience, experience of the centre
regarding use of mTOR inhibitors, prior history of SEGA
resection, other TSC-related comorbidities, and patient/parental
preference (7).

This is the first study evaluating prevalence, growth,
symptoms, and treatment patterns in a large prospective cohort
of adults with TSC-associated SEGA.

METHODS

TOSCA, a large-scale non-interventional study in patients with
TSC, was conducted at 170 sites in 31 countries. The study design
and methodology of TOSCA has been published previously (14).
The study enrolled patients of any age with TSC between August
2012 and November 2014 and followed for up to 5 years. Patient
data, including demographics, and information related to clinical
features of TSC across all organ systems, comorbidities and rare
manifestations, were collected at baseline and at regular visits
scheduled at a maximum interval of 1 year.

In this study, designed prior to the 2012 imaging-based
consensus, prevalence, and growth of SEGA were defined
as per clinical practice of the participating centres. We
evaluated SEGA manifestations among adult patients (>18
years) enrolled into the TOSCA study. SEGA-related questions
included in the case report form (CRF) were presence of
single or multiple SEGA, newly diagnosed SEGA, SEGA
growth, clinical signs, and symptoms associated with SEGA
and information regarding SEGA treatment. In addition,
possible associations of SEGA prevalence with genotype were
analysed using a Chi-square test. Statistical significance was set
at p-value < 0.05.

Statistics were descriptive considering the exploratory nature
of this study. Categorical data were reported as frequencies and
percentages, and continuous variables were expressed as mean (%
standard deviation) or as median (range), unless stated otherwise.

The study was designed and conducted in accordance
with the Good Clinical Practice principles, the Declaration
of Helsinki and all local regulations. The institutional review
board or ethics committee at each participating site approved
required TOSCA-related documents. Written informed
consent was obtained from all patients, parents or guardians
before enrolment.

RESULTS

A total of 2,214 patients with TSC were enrolled in TOSCA
study, and data were analysed for 2,211 patients. In the
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TABLE 1 | Demographics of adult patients with SEGA.

Characteristics

Patients with SEGA

All adults (n = 220) >18 to <25 years >25 to <40 years >40 years
(n=91) (n =96) (n=33)

Age at diagnosis of TSC, years; median (range) 4.0 (<1-48) 1.0 (<1-24) 4.0 (<1-37) 15.0 (<1-48)
Gender, n (%)

Male 98 (44.5) 35 (38.5) 46 (47.9) 17 (561.5)

Female 122 (55.5) 56 (61.5) 50 (52.1) 16 (48.5)
Patients with molecular testing, n (%) 96 (43.6) 40 (44.0) 41 (42.7) 15 (45.5)
Genetic Testing, n (%)

No mutation identified 12 (12.5) 6 (15.0) 3(7.3) 3(20.0)

TSC1 mutation 12 (12.5) 2 (5.0 5(12.2) 5(33.3)

TSC2 mutation 69 (71.9) 31(77.5) 31 (75.6) 7(46.7)

Results not available* 5 1(2.5) 1(2.4) 0
Variation Type, n (%)

Pathogenic mutation 59 (61.5) 22 (55.0) 27 (65.9) 10 (66.7)

Variant of unknown significance 5 4(10.0) 1(2.4) 0

Both pathogenic mutation and variant of unknown significance 2 (2. 0 2(4.9 0

Results not available* 30 (31.9) 14 (35) 11(26.8) 5(33.3)
Patients with prenatal diagnosis, n (%) 1 1(1.1) 0 0

Values are expressed as n (%), unless otherwise specified. *Include missing data and those results not made available due to legal/medical confidentiality statements.

SEGA, subependymal giant cell astrocytoma. TSC, tuberous sclerosis complex.

final analysis performed on data collected until August 2017,
a history of SEGA was reported in 30.3% (671/2,211; 332
males and 339 females) of patients. Other neuroimaging
features reported included cerebral white matter radial migration
lines in 25.5, cortical tubers in 87.2, and subependymal
nodules 82.9%.

Of the 803 adult patients included in the final analysis, a
history of SEGA was reported in 220 patients (27.4%). The
demographic of the adult patients with SEGA are shown in
Table 1. SEGA were ongoing during study in 186 (84.5%)
patients. Of these, multiple and bilateral SEGA were reported in
66 (35.5%), and 61 (32.8%) patients, respectively. SEGA growth
since previous scan was reported in 39 (21%). The median age at
SEGA diagnosis in this adult cohort was 20 years (range, <1-57
years), as compared to 7 years (range, <1-57 years) in the entire
TOSCA cohort.

The median interval between consecutive scans was 1 year
(range <1-34 years). During the study period (up to 5 years),
14 new diagnoses of SEGA were made (2.4% of total adults
minus those with history of SEGA). The oldest patient with
a newly reported SEGA was 57 years. Of the 186 adults
with ongoing SEGA, 153 (82.3%) remained asymptomatic, and
33 (17.7%) were reported to ever have developed symptoms
related to SEGA growth in the past, including primarily
increase in seizure frequency (15.6%), behavioural disturbance
(13.4%), and headache (10.8%), either alone or in combination
with other symptoms (Table2). Over time, SEGA had been
treated with surgery in 55 out of 117 patients (47.0%) and
with mTOR-inhibitors in 46 out of 117 patients (39.3%).
Nine patients (7.7%) required a shunt for the management
of hydrocephalus.

SEGA were significantly more frequent in adults with a TSC2
mutation compared to those with a TSCI mutation (35.2 vs.
15.6%, p < 0.0004). However, there was no significant difference
in multiple (p = 0.1158), bilateral (p = 0.1062), or growing
SEGA (p = 1.0000), and presence of SEGA-related symptoms
(p = 0.2598) between those with TSCI and TSC2 mutation. The
median age at SEGA diagnosis was higher in patients with TSCI
mutations (29 years, range 9-51) compared to patients with TSC2
mutations (21 years, range <1-49), but this difference was non-
significant (Table 3). Furthermore, 12 of 14 adults with newly
diagnosed SEGA had mutations in TSC2 gene, while two had no
mutation identified.

DISCUSSION

To our knowledge, this is the first study to evaluate SEGA
prevalence, growth, symptoms, and current treatment modalities
in adults with TSC-associated SEGA. The international TOSCA
study allowed us to evaluate data from 803 adults (age >18 years),
220 of whom had SEGA (27.4%). During the 5 years follow-up
period of the study, 23.2% of adults reported that the SEGA was
still ongoing.

The occurrence of new SEGA after the age of 18 years was
relatively low (2.4%) but more common than previously thought
(7). In this cohort, age at SEGA diagnosis was as late as 57 years.
Newly diagnosed SEGA were associated with mutations in TSC2
in the large majority of cases (85.7%). Other risk factors such as
contrast enhancement of SEN in the caudo-thalamic groove were
beyond the scope of this study.

Another key finding was that SEGA growth since previous
scan (mean time of 1.5-2.3 years between previous scan
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TABLE 2 | Clinical characteristics of SEGA.

Overall Adult patients
TOSCA population
(n =2211)
All adults >18 to <25 years >25to <40 years >40 years
(n =803) (n = 235) (n = 344) (n =224)

Patients with history of SEGA 671 (30.3) 220 (27.4) 91(38.7) 96 (27.9) 33(14.7)
No. of patients with ongoing SEGA during the study, n 579 186 71 87 28

Multiple 240 (41.5) 66 (35.5) 24 (33.8) 33(37.9) 9(32.1)

Bilateral 236 (40.8) 61(32.8) 21(29.6) 30 (34.5) 10 (35.7)

Growing SEGA since previous scan*# 208 (35.9) 39 (21.0) 19 (26.8) 17 (19.5) 3(10.7)
Signs and symptoms

None 476 (82.2) 153 (82.3) 57 (80.3) 72 (82.8) 24 (85.7)

Increase in seizure frequency 98 (16.9) 29 (15.6) 14 (19.7) 13 (14.9) 2(7.1)

Behavioural disturbance 77 (13.3) 25 (13.4) 8(11.3) 16 (18.4) 1(3.6)

Regression/loss of cognitive skills 51 (8.8) 16 (8.6) 5(7.0) 10(11.5) 1(3.6)

Headache 47 (8.1) 20 (10.8) 7(9.9) 10 (11.5) 3(10.7)

Ventriculomegaly 32 (5.5) 8 (4.3) 5(7.0) 3(3.4) 0

Increased intracranial pressure 24 (41) 10 (5.4) 6 (8.5 2 (2.9 2(7.1)

Sleep disorder 22 (3.8) 7(3.8) 1(1.4) 6 (6.9) 0

Eye movement abnormalities 16 (2.8) 6 (3.2 4 (5.6) 2(2.3) 0

Visual impairment 10 (1.7) 4(2.2) 3(4.2) 1(1.1) 0

Papilloedema 8(1.4) 4(2.2) 2(2.8) 1(1.1) 1(3.6)

Neuroendocrine dysfunction 8(1.4) 4(2.2) 0 3(3.4) 1(3.6)

Other 28 (4.9) 7(3.8) 4(5.6) 3(3.4) 0

Values are expressed as n (%), unless otherwise specified. "Median time from previous scan to last assessment was 1 year. *Growing of SEGA since previous scan was measured
among those with ongoing SEGA during the study. SEGA, subependymal giant cell astrocytoma.

and last assessment) was observed in 21% of our adult
patients. Although not negligible, this is less frequent compared
with children. In a cohort of 58 patients (33 children,
25 adults), Tsai et al. reported similar results, with SEGA
growth in children being significantly higher than in adults
(75.6 vs. 16.5%) (15).

The fact that SEGA may still grow during adulthood
emphasises the need for continuous surveillance even after the
age of 25 years. This was highlighted in the current guidelines that
recommend that patients with asymptomatic SEGA diagnosed
in childhood should continue to undergo periodical imaging
as adults to ensure that there is no growth. This highlights
the need for continued multidisciplinary follow-up, also at
adult age. Although newly occurring SEGA during adulthood
seem relatively rare and do not warrant systematic screening,
physicians should keep this possibility in mind when symptoms
potentially related to SEGA growth occur. Special attention
should be paid to adults with mutations in TSC2 since they seem
to be at a higher risk for newly occurring SEGA and SEGA
growth in adulthood as well as to individuals with intellectual
disability who might not be able to verbally express SEGA-
related symptoms. Importantly, certain SEGA-related symptoms
(especially early symptoms) are not limited to signs of increased
intracranial pressure, and therefore, parents and patients should
be informed about all relevant symptoms which require
referral for medical evaluation, particularly sudden behavioural

changes such as acute-onset and unexplained aggression,
academic difficulties or any other acute and unexplained
manifestations of TSC-associated neuropsychiatric disorders
(TAND) (16-18).

We acknowledge the limitations intrinsic to a large-scale,
international, non-interventional/observational study. These
included the fact that participants were recruited from expert
TSC centres around the world and the fact that data
on SEGA diagnosis, growth and SEGA-related symptoms
were collected as reported per clinical practice. However,
these limitations are, at least in part, offset by the large-
scale and “real-world” nature of the cohort across multiple
centres and countries. Being an observational study, detailed
information on the treatment initiated for SEGA at adult age
were not collected. The very low number of missing data
for SEGA reflects good quality of data collection for this
specific manifestation.

CONCLUSION

Findings from this large international study highlight the need
for continued monitoring for SEGA growth in adults with
ongoing SEGA. Clinicians and adults with TSC should be aware
of the potential new onset SEGA in adults with SEGA-related
symptoms, especially in the presence of mutations in TSC2.
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TABLE 3 | Clinical characteristics of SEGA in adults with mutations in TSC1
vs. TSC2.

Adults with TSC1 Adults with TSC2 p-value
mutation (n = 77) mutation (n = 196)

Patients with history of SEGA 12 (15.6) 69 (35.2) 0.0004
Median (range) age at SEGA 29 (9-51) 21 (<1-49) 0.0599
diagnosis, years
No. of patients with ongoing 8 (66.7) 61 (88.4) 0.1317
SEGA during the study
Multiple 5 (62.5) 19 (31.1) 0.1158
Bilateral 5 (62.5) 18 (29.5) 0.1062
Growing SEGA since 1(12.5) 13 (21.9) 1.0000
previous scan
Signs and Symptoms
None 5 (62.5) 49 (87.5) 0.3580
Increase in seizure 3(37.5) 15 (28.9) 0.6243
frequency
Behavioural disturbance 1(12.5) 14 (26.4) 1.0000
Headache 1(12.5) 10 (18.9) 0.5753
Regression/loss of 0 5(9.4) 1.0000
cognitive skills
Ventriculomegaly 0 4 (7.5) 1.0000
Increased intracranial 1(12.5) 1.0000
pressure
Papilloedema 1(12.5) ) 1.0000
Sleep disorder 0 2(3.8) 1.0000
Eye movement 0 2(3.8) 1.0000
abnormalities
Visual impairment 0 2(3.8) 1.0000
Neuroendocrine 1(12.5) 8 0.2408
dysfunction
Other 1(12.5) 3(5.7) 0.3098
Patients received treatment 8 (66.7) 37 (563.6) 0.0716
Values are expressed as n (%), unless otherwise specified.
SEGA, subependymal giant cell astrocytoma.
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