
International Journal of Health Sciences 
March 2018, Vol. 6, No. 1, pp. 39-43 

ISSN: 2372-5060 (Print), 2372-5079 (Online) 
Copyright © The Author(s). All Rights Reserved. 

Published by American Research Institute for Policy Development 
DOI: 10.15640/ijhs.v6n1a4 

URL: https://doi.org/10.15640/ijhs.v6n1a4 

 

 

 

Systematic Review of The Treatment Modalities of Tuberous Sclerosis Complex 
(TSC) Associated Seizures 

 
Kaylee A. Nelson1 & Dr. Daniel Coovert1 

 
Background 
 

Tuberous Sclerosis Complex (TSC) is an autosomal dominant genetic disorder affecting 1 out of every 6,000 
live births. Mutations affecting two genes, TSC1 and TSC2 have been identified as causing the disease. TSC1 and 
TSC2 form a complex responsible for inhibiting the mammalian target of Rapamycin enzyme (mTOR). The mTOR 
enzymes are part of the Phosphotidylinositol 3 kinase (PI3K) pathway, an important signaling pathway regulating 
protein synthesis, metabolism and cell growth. Mutations in TSC cause this genetic pathway to be constitutively 
active, resulting in overgrowth of cells throughout the body. TSC is associated with a significant clinical burden, 
resource utilization and decreased mental health well-being.1 
 

This disease affects multiple organ systems like the heart, brain, lungs, skin and kidneys. Most notably, the 
growths in the brain cause seizures. People present with various degrees of severity, making it difficult to properly 
manage the disease. In the past, most patients with spasms or seizures have been treated with anticonvulsants. 2,3 
Elucidation of the PI3K pathway and the genes responsible for TSC have permitted the development of drugs that 
specifically inhibit mTOR.4 Rapamycin is a macrolide antibiotic produced by a species of fungus called Streptomyces, 
is the first mTOR inhibitor that has been approved by the FDA for use in TSC. Rapamycin has been branded under 
the name Everolimus. Everolimus has been studied in more aggressive forms of TSC, but has yet to be recommended 
as first line treatment or as prophylaxis in patients with TSC. The mTOR inhibitors have shown to be effective in 
decreasing the symptoms associated with TSC.5 
 

Better treatment options of TSC are needed. Patient groups average 22 visits to a physician, nine 
procedures/tests, two emergency room visits and two hospital admissions a year.1 Better control or prevention of 
symptoms could decrease the burden on health care that TSC inflicts. The Tuberous Sclerosis Consensus Conference 
sets guidelines for the proper diagnosis and management of patients with TSC. Current guidelines recommend 
surgical resection of acutely symptomatic Subependymal Giant Cell Astrocytomas (SEGAs) and anticonvulsants for 
infantile spams.6ThemTOR inhibitors have shown to be effective in decreasing the symptoms associated with TSC, 
however, they are indicated for severe symptoms that cannot be controlled with other treatment modalities. Through 
a systematic review, Everolimus will be compared with previously used treatments, such as anticonvulsants and 
surgical resection. The method of action of Everolimus may help to provide better efficacy in reduction of seizure 
frequency. 
Methods 
 

 This review will report on all the studies that evaluate the treatment of TSC with one of the following 
treatment modalities: anticonvulsant therapy, surgical mass removal, or Everolimus therapy. Four databases will be 
searched: PubMed, Google Scholar, Medline and Web of Science. The Tuberous Sclerosis Alliance website was used 
for finding background information and ongoing research, but it is not considered a database.  
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Studies will be included if they were written after 1990, used an experimental group of patients, and evaluated 
the efficacy of the above-mentioned treatment modalities. Patient’s seizures must be caused by TSC and cannot have 
an alternative diagnosis. No case studies were included in this systematic review.  
 

 The data extracted from all relevant articles included: the treatment modality that is being evaluated 
(anticonvulsants, surgery or Everolimus), the number of participants, the number of patients in the control group, the 
number of patients in the experimental group and the efficacy of the treatment given in a percentage. The information 
is shown in Table 1.The term “efficacy” is further defined as any patient that demonstrated at least a 50% reduction in 
seizure frequency from their baseline. There are limits when using these methods to evaluate the efficacy of seizure 
treatment. A limitation of this review method is the lack of separation between the patients that had complete seizure 
control versus the patients who only had 50%. They are all considered to be categorized as successful treatment. Also, 
the data extraction only includes the results from the experimental group. There is no consideration of the lack of 
response in the control groups. Both studies with or without control groups were included in this systematic review. 
The strength ofeach studywas not considered. Lastly, some patients in the surgical resection category received >50% 
improvement in seizure control but with additional anticonvulsant therapy. They were not included in this review. The 
average percent of efficacy for each treatment modality was calculated and then compared to each other.  
Results  
 

 From the four databases that were searched, 25 articles were included in the final systematic review. The 
average number of patients in the control groupswere 50.6. The patients ranged anywhere from 4 to 336. The median 
number of patients was 22. Quality of studies was not included in this systematic review. The were no restrictions in 
the number of articles that were included for each treatment modality. Every article was included for each modality 
that reached the inclusion criteria. At the end of the review 6 out of the 25 articles evaluated anticonvulsant therapy, 
10 out of 25 for surgical resection and 9 out of 25 for Everolimus therapy. The results of the percent of efficacy are 
outlined in Table 2. Treatment was considered to be efficacious if seizures were reduced by >50% from their baseline.  
Discussion 
 

Through this systematic review, it was found that anticonvulsant therapy was the most efficacious at 69.3%. 
With an almost even distribution, it is difficult to determine whether one treatment modality is better than another 
without a meta-analysis. There is not enough evidence and too many limitations in this review to come to a definitive 
conclusion. More research is clearly needed to improve the treatment and prophylaxis of TSC.  
 

The limitations of this review include the fact that it did not evaluate the strength of each individual study. An 
ideal systematic review would assess the use of control groups, significant p-values and number of patients being 
evaluated. There was a study researching the efficacy of anticonvulsants versus hydrocortisone in the treatment of 
infantile spasms that yielded a 100% efficacy in this systematic review.7The p-value in this study was found to be 
significant and it met all of the inclusion criteria. The extreme positive efficacy of this study may have skewed the 
results in favor of anticonvulsant therapy.  
 

TSC is a difficult disease to treat properly. Patients present with several symptoms and varying degrees of 
severity. SEGAs are significantly burdensome for patients who suffer from this genetic disorder. They can cause TSC 
associated seizures and infantile spasms. The enzyme responsible for this overgrowth of specific organs in the body 
has been identified as mTOR. A novel drug, mTOR inhibitors (Everolimus), has been proven to decrease the size of 
growths and improve seizures. Everolimus has just become FDA approved for treating acutely presenting SEGAs in 
the last 5 years. However, infantile spasms are still being treated with anticonvulsants as first line. Many patients have 
drug-resistant epilepsy and eventually resort to Everolimus as the last option. The goal of this systematic review was 
to explore the efficacy of Everolimus and how it compared to previously used therapies, like surgical excision of 
SEGAs or anticonvulsants for infantile spasms. The comparison revealed a slight increased efficacy for anticonvulsant 
therapy. More clinical trials and research is currently being conducted about Everolimus. Elucidation about its safety 
and overall efficacy in treating TSC associated seizures will hopefully lead to the more widespread use of this drug 
from more practitioners.  
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Table 1.Systematic review of 25 research articles evaluating the efficacy of anticonvulsant therapy, surgical 

resection or Everolimusin the treatment of TSC related seizures. 
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Table 2. Average efficacy of treatment modalities of TSC associated seizures after reviewing 25 articles. 

 
References 
 
Rentz A., Skalicky A., Liu Z., Wheless J., Dunn D., Frost M., Nakagawa J., Magestro M., Prestifilippo J. (2015) 

"Tuberous Sclerosis Complex: A Survey of Health Care Resource Use and Health Burden." Pediatric 
Neurology 52(4): 435-441.  

Bombardieri R., Pinci M., Moavero R., Cerminara C., Curatolo P. (2010) "Early control of seizures improves long-
term outcome in children with tuberous sclerosis complex." European Journal of Paediatric Neurology 14(2): 
146-149. 

Chu-Shore C., Major P., Camposano S., Muzykewicz D., Thiele E. (2010). "The natural history of epilepsy in tuberous 
sclerosis complex."Epilepsia 51(7): 1236-1241. 

Wong, M. (2013). "Mammalian Target of Rapamycin (mTOR) Pathways in Neurological Diseases." Biomedical 
Journal 36(2). 

Peces R., Peces C., Cuesta-Lopez E., Perez-Duenas V., Azorin S., Selgas R. (2010). "Low-dose rapamycin reduces 
kidney volume angiomyolipomas and prevents the loss of renal function in a patient with tuberous sclerosis 
complex." Nephrology Dialysis Transplantation. 

Krueger, D. and H. Northrup (2013). "Tuberous Sclerosis Complex Surveillance and Management: Recommendations 
of the 2012 International Tuberous Sclerosios Complex Consensus Conference." Pediatric Neurology 49(4): 
255-265. 

Chiron C., Dumas C., Jambaque I., Mumford J., Dulac O.(1997) "Randomized trial comparing vigabatrin and 
hydrocortisone in infantile spasms due to tuberous sclerosis<sup>1</sup>." Epilepsy Research 26(2): 389-
395. 

Administration, F. A. D. (2012). "Everolimus for Tuberous Sclerosis Complex (TSC) ".2015, from 
http://www.fda.gov/drugs/informationondrugs/approveddrugs/ucm317490.htm. Retrieved from FDA 
archive 4/5/2017 

Avellino A., Berger S., Rostomily R., Shaw M. (1997). "Surgical management and seizure outcome in patients with 
tuberous sclerosis." Neurosurgery 87(3): 391-396. 

Cardamone M., Flanagan D., Mowat D., Kennedy S., Chopra M., Lawson J.(2005) "Mammalian Target of Rapamycin 
Inhibitors for Intractable Epilepsy and Subependymal Giant Cell Astrocytomas in Tuberous Sclerosis 
Complex." The Journal of Pediatrics 164(5): 1195-1200. 

Curatolo, P. (2014). "Mechanistic Target of Rapamycin (mTOR) in Tuberous Sclerosis Complex-Associated 
Epilepsy." Pediatric Neurology 52(3): 281-289. 

Krueger D., Care M., Holland K., Argicola K., Tudor C., Mangeshkar P. (2010). "Everolimus for Subependymal 
Giant-Cell Astrocytomas in Tuberous Sclerosis." New England Medicine 363: 1801-1811. 

Krueger D., Care M., Argicola K., Tudor C., Mays M., Franz D. (2013). "Everolimus long-term safety and efficacy in 
subependymal giant cell astrocytoma." Neurology 80(6): 574-580. 

Hancock E. and Osbourne J. (1999). "Vigabatrin in the Treatment of Infantile Spasms in Tuberous Sclerosis: 
Literature Review." Child Neurology 14(2): 71-74. 

Bebin E., Kelly P., Gomez M. (1993). "Surgical treatment for epilepsy in cerebral tuberous sclerosis."Epilepsia 34(4): 
651-657. 

Franz, D., Belousova E., Sparagana S., Bebin E., Frost M., Kuperman R., Witt O., Kohrman M., Flamini J. (2013). 
"Efficacy and safety of everolimus for subependymal giant cell astrocytomas associated with tuberous 
sclerosis complex (EXIST-1): a multicentre, randomised, placebo-controlled phase 3 trial." Lancet 381(9861): 
125-132. 

French, J., Lawson J., Yapici Z., Ikeda H., Polster T., Nabbout R., Curatolo P., De Vries P., Dlugos D., Berkowitz N., 
Voi M., Peyrard S., Pelov D., Franz D. (2016) "Adjunctive everolimus therapy for treatment-resistant focal-
onset seizures associated with tuberous sclerosis (EXIST-3): a phase 3, randomised, double-blind, placebo-
controlled study." The Lancet 388(10056): 2153-2163. 

Treatment Modality Articles Included Average Efficacy 

Anticonvulsants 6/25 69.3% 

Surgery 10/25 58.3% 

Everolimus 9/25 56.7% 



Nelson & Coovert                                                                                                                                                      43 
 

 

Tuxhorn I. (2015). "Epilepsy in children with tuberous sclerosis complex: Chance of remission and response to 
antiepileptic drugs." Epilepsia 56(8): 1239-1245. 

Jansen, F., van Huffelen A., Algra A., vanNieuwenhuizen O. (2007). "Epilepsy surgery in tuberous sclerosis: a 
systematic review." Epilepsia 48(8): 1477-1484. 

Baumgartner J., Wheless J., Kulkarni S., Northrup H., Au K., Smith A., Brookshire B. (1997). "On the surgical 
treatment of refractory epilepsy in tuberous sclerosis complex." Pediatric Neurosurgery 27(6): 311-318. 

Collins J., Tudor C., Leonard J., Chuck G., Franz D. (2006). "Levetiracetam as adjunctive antiepileptic therapy for 
patients with tuberous sclerosis complex: a retrospective open-label trial." Child Neurology 21(1): 53-57. 

Jóźwiak, S., Kotulska K., Domanska-Pakiela D., Lojszczyk B., Syczewska M., Chmielewski D., Dunn-Wasowicz D., 
Kmiec T., Kornacka M., Kawalec W., Borkowska J., Tomaszek K., Jurkiewicz E., Respondek-Liberska M. 
(2011) "Antiepileptic treatment before the onset of seizures reduces epilepsy severity and risk of mental 
retardation in infants with tuberous sclerosis complex." European Journal of Paediatric Neurology 15(5): 424-
431. 

Kagawa K., Chugani D., Asano E., Juhasz C., Muzik O., Shah A., Shah J., Sood S., Kupsky W., Mangner T., 
Chakraborty P., Chugani H. (2005). "Epilepsy surgery outcome in children with tuberous sclerosis complex 
evaluated with alpha-[11C] methyl-L-tryptophan positron emission tomography (PET)." Child Neurology 
20(5): 429-438. 

Karenfort, M., Kruse B., Freitag H., Pannek H., Tuxhorn I. (2002). "Epilepsy surgery outcome in children with focal 
epilepsy due to tuberous sclerosis complex."Neuropediatrics 33(5): 255-261. 

Koenig, M. Hebert A., Roberson J., Samuels J., Slopis J., Woerner A., Northrup H. (2012). "Topical Rapamycin 
Therapy to Alleviate the Cutaneous Manifestations of Tuberous Sclerosis Complex." Drugs in R&D 12(3): 
121-126. 

Koh, S., Jayakar P., Dunoyer C., Whiting S., Resnick T., Alvarez L., Morrison G., Ragheb J., Prats A., Dean P., 
Gilman J., Duchowny M. (2000). "Epilepsy surgery in children with tuberous sclerosis complex: presurgical 
evaluation and outcome." Epilepsia 41(9): 1206-1213. 

Krueger D., Wilfong A., Holland-Bouley K., Anderson A., Agricola K. (2013)."Everolimus treatment of refractory 
epilepsy in tuberous sclerosis complex." Annals of Neurology 74(5): 679-687. 

28. Krueger D., Wilfong A., Holland-Bouley K., Anderson A., Agricola K., Tudor C., Mays M., Lopez C., Kim M., 
Franz D. (2013)."Everolimus treatment of refractory epilepsy in tuberous sclerosis complex." Annals of 
Neurology 74(5): 679-687. 

Liu S., An N., Yang M., Hou Z., Liu Y., Liao W., Zhang Q., Cai F., Yang H. (2012) "Surgical treatment for epilepsy in 
17 children with tuberous sclerosis-related West syndrome." Epilepsy Research 101(1): 36-45. 

Guerreiro M., Andermann F., Andermann E., Palmini A., Hwang P., Hoffman H., Ostubo H., Bastos A., Dubeau F., 
Snipes G., Olivier A., Rasmussen T. (1998). "Surgical treatment of epilepsy in tuberous sclerosis: strategies 
and results in 18 patients." Neurology 51(5): 1263-1269. 

Northrup H. and Krueger D. (2013). "Tuberous Sclerosis  Complex Diagnostic Criteria Update: Recommendations of 
the 2012 International Tuberous Sclerosis Complex Consensus Conference." Pediatric Neurology 49(4): 243-
254. 

Samueli S., Abraham K., Anastasia D., Gudrun G. (2016). "Efficacy and safety of Everolimus in children with TSC - 
associated epilepsy – Pilot data from an open single-center prospective study."Orphanet Journal of Rare 
Disease 11(145). 

Sun P., Krueger D., Liu J., Guo A., Rogerio J., Kohrman M. (2012). "Surgical resection of subependymal giant cell 
astrocytomas (SEGAs) and changes in SEGA-related conditions: a US national claims database study." Curr 
Med Res Opin 28(4): 651-656. 

  
 


