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Background: Tuberous Sclerosis Complex International (TSCi) is a consortium of organizations that
supports individuals with tuberous sclerosis complex (TSC) around the world. To improve care for TSC on
a global level, TSCi identified the need to expand understanding about existing resources available in
other countries, what individuals and caregivers value in TSC care, key gaps between needs and reality in
each country, and ways these gaps can be addressed by advocacy organizations around the world.
Methods: An iterative, mixed methods approach (the Improving Care project) was adopted to incorpo-
rate views from diverse members of TSCi. Through idea generation, a collection of qualitative open-
ended responses and concept elicitation, we were able to build consensus where shared experiences
and opinions were identified.
Results: The research performed as a part of the Improving Care project revealed a significant gap be-
tween the guidelines and what is actually available to people with TSC worldwide. Three key priority
areas of action to improve this gap were identified: (1) implementation of the guidelines; (2) access to
TSC expertise, and (3) coordinated and integrated health care.
Conclusions: There are significant opportunities for key stakeholders, including organizations, clinicians,
and researchers to improve care for individuals with TSC on both local and global levels. Working across
stakeholder groups and utilizing TSC organizations are essential to ensure that the advances in TSC
research benefit people living with TSC around the world.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Introduction

Tuberous sclerosis complex (TSC) is a genetic disorder affecting
over one million people around the world.1 TSC is characterized by
a variety of manifestations including nonmalignant tumors in the
brain, kidneys, heart, lungs, and skin; epilepsy; pulmonary and
renal complications; and a range of TSC-associated neuropsychi-
atric disorders (TANDs), including intellectual disability (ID) and
autism spectrum disorder.2 TSC is a complex condition that can be
difficult for both affected individuals and their caregivers to
manage.3 It often requires substantial utilization of health care
resources.4,5 Research in the last 20 years has made incredible
discoveries and resulted in new therapies for people with TSC.6,7 In
2012 the International Tuberous Sclerosis Consensus Conference
published updated diagnostic criteria1 and revised recommenda-
tions for surveillance and management that define optimal clinical
care for people with TSC.2 Diagnostic Criteria and Surveillance and
Management Recommendations have been recently updated in
2021 to incorporate new evidence and understanding of TSC
pathogenesis and clinical treatment as well as to address unin-
tended ambiguity or obstacles discovered since 2012 that hindered
guidelines adoption and practices (H. Northrup et al., unpublished
data, 2021).

Tuberous Sclerosis Complex International (TSCi) is a worldwide
association of TSC organizations, with each member organization
undertaking a combination of information, support, research, and
systemic advocacy in their own countries.8 In 2015 TSCi began the
Improving Care project to identify ways to improve the health care
available to people with TSC.

The project aimed to

� understand what individuals with TSC and their caregivers
value in TSC care;

� understand the care available to people with TSC around the
world;

� identify key gaps in care around the world;
� identify initiatives to bridge the gap in care;
� identify key research questions to be explored in the future.

Research from the Improving Care project suggests that this
standard of care is only available to a small proportion of people
with TSC. We also recognize that ideal health care for people with
TSC goes beyond a checklist of tests and treatments. TSCi and its
member organizations present this paper as a shared strategy for
the global TSC community.

The project focused on health care for people already diagnosed
with TSC. The project did not focus on issues relating to receiving a
diagnosis of TSC or on the education and disability supports that a
person with TSC may need.

The project included surveys, interviews, and workshops with
volunteer TSC advocates from TSCi member organizations,8 in-
terviews and discussions with medical specialists who care for
patients with TSC, and a global survey of patients with TSC and
their family members. These activities were conducted between
2015 and 2017 (Fig 1).

The community of people with TSC is diverse. Different people
with TSC will have different signs and symptoms of TSC developing
at different ages and with different severities. TSC has a similar
incidence throughout the world, meaning that people with TSC live
in countries with differently resourced health systems and in-
dividuals with TSC have different levels of access to public and
private health care. Current TSCi membership overrepresents high-
income and developed countries and underrepresents middle- and
low-income and developing countries, so the issues identified are
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possibly biased toward higher-income settings. We have little or no
access to data from developing countries.

Even though this diversity and complexity is a challenge, there is
ample opportunity to improve care. This project has uncovered
several areas for action that have the potential to improve the
health care for many of the one million people living with TSC
around the world. We identified the following three priorities:

1. Health care that implements the guidelines.
2. Health care that has access to TSC expertise.
3. Health care that is coordinated and integrated.

We believe that together we can ensure that the discoveries
made by TSC research improve the lives of as many people as
possible who live with TSC, while we continue to work toward a
cure for the future.

Priority 1: People with TSC need health care that implements
the clinical guidelines

The outcome of the 2012 International Consensus Conference
for TSC was the publication of updated guidelines for the diagnosis,
surveillance, and management of TSC.1,2 These guidelines represent
the ideal standard of care for people affected with TSC. These
clinical guidelines are valuable to TSCi member organizations
because they provide a consistent starting point for health pro-
fessionals around the world to provide optimal clinical care for
their patients with TSC.

The research done as a part of the Improving Care project
revealed a significant gap between the 2012 guidelines and what is
actually available to people with TSC. We identified the following
three key areas of action to improve this:

� Awareness and knowledge of the guidelines
� Access to imaging
� Access to treatments
Awareness and knowledge of the guidelines

Awareness of the guidelines amongst people with TSC, care-
givers, and health professionals is an important first step to
implementing them. The guidelines were published as open access
articles, and many TSC organizations have promoted the guidelines
within their own countries. Patient advocates from around the
world report that people with TSC and/or their caregivers will bring
the guidelines to the attention of their clinicians and use them as a
tool to advocate for the clinical care they describe. However, the
project found low rates of knowledge of the guidelines among the
wider TSC population. Thanks to work done by the local associa-
tion, Portugal is the only country that has adapted the Diagn�ostico e
Seguimento da Pessoa com Esclerose Tuberosa em Idade Pedi�atrica e
no Adulto into their health system.9 The Ministry of Health in
Portugal accepted these guidelines in 2018.9

The project's 2017 International Drug Development survey for
individuals with TSC and caregivers asked respondents from 54
countries whether they had read the guidelines.10 Survey questions
were translated and available in English, Spanish, and French.
Although nonrepresentative of all countries, the results of this
survey suggest that knowledge of the guidelines among people
with TSC and caregivers may be low (30%) and there is high vari-
ation between countries. For nations with five or more respondents
to this question, results ranged between no knowledge (Costa Rica)
and 80% (Sweden), with a median of 29% of respondents being



FIGURE 1. Stages of the Tuberous Sclerosis Complex International's improving care project. The color version of this figure is available in the online edition.
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aware of the guidelines (Netherlands) (Fig 2). The survey also asked
if respondents had shared the guidelines with their doctors. Over-
all, only 48% of respondents had done this. For countries with five
or more respondents to this question, results ranged between 14%
(France) and 100% (Peru and Colombia), with a median of 37%
(Germany) (Fig 3). The survey was limited in that not all countries
were represented and questions were not available in all languages.

In addition to this survey, a study of patients with TSC and their
parents in France and Norway found similar variation in knowledge
of kidney manifestations of TSC and recommended surveillance.11

Further work could be done with patients with TSC and their
caregivers to monitor awareness of the guidelines and identify
effective ways of increasing knowledge of them.
FIGURE 2. 2017 International Drug Development survey response to patient and caregiver
version of this figure is available in the online edition.
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The 2017 survey did not include work to understand how aware
health professionals are of the guidelines. Although it would not be
practical to ask every health professional to know about the
guidelines, it may be possible to identify key subgroups such as
neurologists who aremost likely to play a significant role in the care
of people with TSC.
Access to imaging

Even when people with TSC and caregivers are aware of the
guidelines, they still face barriers to receiving the recommended
surveillance and treatments. Based on the surveys, patient
familiarity with the guidelines (countries with five or more respondents). The color
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advocates identified access to imaging as a significant challenge to
implementation of the clinical guidelines in their regions.

The guidelines recommend baseline and surveillance brain and
abdominal magnetic resonance imaging (MRI).2 Although
computed tomographic (CT) scans and ultrasound can be accepted
as substitutes when MRI is not available, they have limitations.
Concept elicitation from TSCi member organizations identified
widespread challenges in accessing the recommended imaging,
especially

� ultrasound and CT scans being used in place of MRIs for moni-
toring of kidney angiomyolipomas, further explored in the
United States by Swallow et al.12;

� CT scans being used in place of MRIs for surveillance for sub-
ependymal giant cell astrocytoma;

� clinicians' hesitance to image under sedation for children and
people with ID.
Access to treatments

The guidelines include several recommended treatments for the
various signs and symptoms of TSC, but many of these are not
available to vast numbers of people with TSC throughout the world.

Mammalian target of rapamycin (mTOR) inhibitor treatment of
subependymal giant cell astrocytoma, kidney angiomyolipomas,
lymphangioleiomyomatosis, and epilepsy in TSC is now approved
by regulators in many parts of the world, but not all.13-16 In addi-
tion, funding for the medicine is not straightforward, with many
patients lacking access to affordable mTOR inhibitors, depending
on each country's health care system. Moreover, topical mTOR in-
hibitors have been included in the guidelines as recommended
treatment for facial angiofibromas but have only been approved in
Japan thus far17 and are available in other countries as part of
research studies only per ClinicalTrials.gov.18 Vigabatrin is the
recommended first-line treatment for infantile spasms in infants
younger than two years with TSC.2 However, these treatment op-
tions are not accessible to everyone around the world.
FIGURE 3. 2017 International Drug Development survey response to patient and caregiver sh
figure is available in the online edition.
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With most patents on these medicines expired or soon expiring,
there is a declining commercial incentive for the pharmaceutical
companies involved to pursue additional approvals and re-
imbursements; this means TSC organizations are likely to play a
large role in advocating for additional approvals and funding in the
future.

Priority 1 recommendations

To address the aforementioned limitations, the members of TSCi
suggest the strategies in Table 1, which could take the community
closer to health care that implements the guidelines.

Priority 2: People with TSC need health care that has access to
TSC expertise

TSC is a complex and multisystem disease that impacts on the
quality of life of both the person with TSC and their families.20,21

Clinical guidelines provide a useful foundation for improved
health care when they are complemented by the knowledge and
skills of health professionals.

Health care for people with TSC should have the following two
key components:

1. Health professionals having a basic level of up-to-date and
balanced information about TSC.

2. Health professionals knowing where and how they can seek
advice and reviews from TSC experts, and being willing to do so.

As research into earlier and presymptomatic treatment for TSC
in infants continues,22-24 timely access toTSC expertisewill become
a critical part of realizing the benefits of these new approaches.

Health care that has access toTSC expertise does not need to be a
dedicated “one-stop shop” TSC clinic. This model of care is one that
works for many people with TSC, but is often not achievable,
accessible, or appropriate for many people or locations. For
example, many people with TSC see a general practitioner who
oversees their surveillance and engages medical specialists only
aring of guidelines (countries with five or more respondents). The color version of this

http://ClinicalTrials.gov


TABLE 1.
Proposed Strategies for Guideline Implementation on International and Local Levels, Suggestions for Clinicians, and Opportunities for Future Research

TSC International collaborations � Investigate successes in other diseases for how international guidelines can be maintained while still implemented in different
ways in different regions and settings.

� Work with pharmaceutical companies to identify global solutions to medicines access.
� Lead patient education on the guidelines at a global level, particularly for key information gaps such as medical warning signs, or

“red flags,” for various signs of TSC.
Country-level TSC organizations � Ensure the guidelines are available in local languages.

� Publish information about how people with TSC and caregivers can navigate their local health system to secure health care that
implements the guidelines.

� Projects to increase awareness of guidelines among health professionals. Devries et al. documented the approach taken in South
Africa to generate a country-specific consensus statement on the management of TSC.19 Other country-level TSC organizations or
groups of interested health professionals could adopt a similar approach.

� Projects to address country-specific challenges, such as working with private and public insurers to fund imaging and treatments.
Clinicians � Updates to the guidelines or supplementary publications that address specific gaps (H. Northrup et al., unpublished data, 2021).

� Communications for patients and nonexpert TSC clinicians that explain the risks associated with not following surveillance
guidelines (H. Northrup et al., unpublished data, 2021).2

Further research opportunities for all
stakeholders

� Registry-based projects that measure adherence to guidelines in different parts of the world, different clinical settings, and over
time. Projects that provide higher-level evidence for clinical guidelines that are based on expert opinion.

� Health economic assessments to support various recommendations, particularly imaging. For example, a cost-benefit analysis of
MRI for surveillance of kidney tumours. This type of analysis could be used in various ways: for systemic advocacy by a local TSC
organization to a state health care payer, for individual advocacy to a private insurance payer, or for a clinician to advocate within
their institution.

Abbreviations:
MRI ¼ Magnetic resonance imaging
TSC ¼ Tuberous sclerosis complex
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when required. Others have a key specialist who liaises with other
health professionals as required. For children this key specialist is
often a child neurologist, and for adults, a nephrologist or a clinical
geneticist.

Many TSC organizations already seek to develop and improve
TSC expertise in their own countries. The Improving Care project
discovered that many followed a similar process with their clinician
networks, working through the following three stages (Fig 4):

1. Involve health professionals who have an interest in TSC in the
work of the local TSC organization.

2. Cultivate the interest of multiple health professionals in a
region.
FIGURE 4. Common approach to health professional education. Th
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3. Build expertise in a region through research, funding, and
education.

Although these strategies can be used to grow TSC expertise in
each region, health care for a person with TSC will occasionally
benefit from specific expertise beyond their regular team of health
care providers. For example,

� a younger child with seizures that are not responding to first-
and second-line therapies;

� an adult diagnosed with possible renal cell carcinoma by a
urologist or nephrologist who is unfamiliar with TSC;

� a person with TSC with a less common sign or symptom of TSC
(e.g., bone lesions25).
e color version of this figure is available in the online edition.
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In these and other similar circumstances, care for the person
with TSC will be improved by seeking the help of a health profes-
sional with deeper TSC expertise. Patient advocates and TSC orga-
nizations already facilitate this through informal networks and
know that these connections can be lifesaving. Formalizing these
networks could increase access to this expertise and allow sharing
between TSC experts in different regions.
Priority 2 recommendations

To address the aforementioned needs, the members of TSCi
suggest the strategies in Table 2.
Priority 3: People with TSC need health care that is
coordinated and integrated

One of the consistent themes that emerged from the Improving
Care project was the lack of coordinated care options for people
living with TSC in some countries. The nature of TSC often neces-
sitates the involvement of a large number of professionals from
various medical, allied health, education, and disability support
fields. Individuals with TSC and their families often experience lack
of coordination and communication between the various spe-
cialties involved in comprehensive care for an individual with TSC.

With regard to coordination of medical issues, we recognize the
strengths of a multidisciplinary TSC clinic team, particularly those
that have a clinic coordinator. However, many TSC clinics do not
include specialists such as dermatologists, pulmonologists, and
psychiatrists. TSC clinics are also often limited in their ability to
integrate with allied health, education, and disability support. This
limitation usually leaves caregivers and patients to take on the role
of care coordinator.

The coordination of care in TSC is critical and can improve
outcomes for people living with TSC. When polled to outline ideal
care for a person with TSC, advocates consistently ranked coordi-
nated care as a high priority. This conclusion has also been reached
by several TSC researchers3,5 and is widely understood in other
chronic and complex conditions as well as in TSC, including two
recently published papers by Peron et al. and Auvin et al.26,27

During this project TSC advocates identified psychiatric and
psychosocial supports as particular gaps in many countries.28 These
gapsmay be due to insufficient mental health services available in a
particular region as well as the already identified underdiagnosis of
TAND.23 The umbrella term TAND and the TAND checklist provide a
foundation for further work in this area around the world.29 In-
dividuals with TSC and their families describe ideal care as having a
more holistic approach that includes both medical intervention in
addition to social and family care and support.
TABLE 2.
Proposed Strategies for Building TSC Expertise at International and Local Levels, Suggest

TSC International collaborations � Explore feasibility of an international doctor-
� Continue to hold international events to conn

Country-level TSC organizations � Local projects to educate health care provide
clinicians to European countries to facilitate a

� Support patients with TSC in seeking a second
� Direct local patients with TSC to local doctors

Clinicians � Lead development of training opportunities su
� When travelling for meetings, add on visits to

Further research opportunities for all
stakeholders

� Evaluate opportunities for telehealth to impro
country borders.

Abbreviations:
DEA ¼ Disseminating Expertise and Achievement
E-TSC ¼ European TSC Association
TSC ¼ Tuberous sclerosis complex
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The Improving Care project highlighted many differences be-
tweenpediatric and adult care. The complexity of TSC health care in
the absence of a suitable care coordination further complicates the
transition to adult care, particularly when adults with TSC have ID
and/or live in residential care26; this is consistent with other
research.3,26 We therefore suggest that improved care coordination
has a large role to play in improving transition and reducing the
number of patients lost to follow-up who may present later with
life-threatening complications of TSC.

Priority 3 recommendations

To address the aforementioned needs, the members of TSCi
suggest the strategies in Table 3.

Conclusions

The Improving Care Project by TSCi involved TSC advocates and
clinicians from several countries and identified many common
themes. International diagnostic criteria and surveillance and
management guidelines are crucial to improve the care of people
with TSC. We recognize the global need for TSC health care that
implements these guidelines, has access to TSC expertise, and is
coordinated and integrated. Although the limitations of health care
systems and funding are major determinants of the quality of
health care for individuals with TSC around the world, there are
many ways the TSC community can collaborate to ensure the out-
comes of significant research investments benefit as many of the 1
million people around the world with TSC as possible.

TSC organizations around the world are vital to future progress.
Country-level TSC organizations are predominantly run by volun-
teers who have TSC themselves or have a family member with TSC,
and they are uniquely placed to understand patient and family
experiences. TSC organizations are also driving change in their own
countries by their existing work: encouraging TSC expertise in their
local clinicians, disseminating information directly to patients and
families, and by supporting TSC research projects. The majority of
TSC organizations are not funded by government and rely on
fundraising efforts of the local TSC community and the time of
volunteers to do this work.

When these organizations come together as TSCi and are joined
by leading clinicians we are able to identify shared challenges.
Based on the work done through this project, TSC International
organizations have identified next steps in continuing to educate
and raise awareness about TSC through systemic advocacy. Col-
laborations are not straightforward, and success will depend on our
ability to embrace our different perspectives and experiences. TSCi
has built a strong network of relationships between TSC organiza-
tions as well as between health care providers around the world.
ions for Clinicians, and Opportunities for Future Research

to-doctor expert network.
ect local and international TSC expertise.
rs. One example of this is the DEA project by the E-TSC that brings expert TSC
nd promote communication between key opinion leaders and local clinicians.15

opinion if needed.
with TSC knowledge or expertise.
ch as inclusion of TSC inmedical school curricula and online training opportunities.
local TSC clinicians in that country to spark interest and improve knowledge.

ve care for people with TSC; this needs to explore the feasibility of telehealth across



TABLE 3.
Proposed Strategies to Increase Access to Coordinated and Integrated TSC Care at International and Local Levels, Suggestions for Clinicians, and Opportunities for Future
Research

TSC International collaborations � Identify models of care for TSC and other similar conditions throughout the world.
Country-level TSC organizations � Facilitate connections between local health professionals to build networks between them.

� Encourage and advocate for the development of TSC MDTs in each country.
� Recognize health professionals and teams that provide integrated and coordinated care for people of all ages.

Clinicians � Develop guidelines for social and family care for people with TSC of all ages.
� Consider ways to improve integration and coordination of care for individuals with TSC, such as expanding clinics or referrals to

include social work and psychology.
� Share knowledge between TSC MDTs around the world to improve care coordination.

Further research opportunities for all
stakeholders

� Health economics project to evaluate cost-effectiveness of coordinated care.
� Document various models of care used by leading TSC MDTs worldwide.
� Evaluate clinical tools such as patient logbooks and passports (electronic or manual) that can improve care coordination.
� Increase our knowledge of the effectiveness of various TAND treatments.

Abbreviations:
MDT ¼ Multidisciplinary teams
TAND ¼ TSC-associated neuropsychiatric disorder
TSC ¼ Tuberous sclerosis complex
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The recommendations in this paper are high-priority areas we can
act on to make a difference to the health care and the long-term
health and well-being of people with TSC around the world.
Acknowledgments

This project was made possible by the time and expertise
contributed by volunteers and staff working with TSC International
member organizations and TSC expert clinicians and researchers.

TSC International Members: Asociaci�on Argentina de Esclerosis
Tuberosa (ARGET), Tuberous Sclerosis Australia, Tuberose Sklerose
Complex Mitanand, be-TSC, Brazilian Association of Tuberous
SclerosiseAssociaç~ao Brasileira de Esclerose Tuberosa (ABET), Tu-
berous Sclerosis Canada Sclerose Tuberuse (TS Canada ST), TSC
China, Dansk Forening for Tuberøs Sclerose Heibergsvænge, TS-
YHDISTYS, French TSC associationdAssociation française Scl�erose
tub�ereuse de Bourneville (ASTB), Tuber€ose Sklerose Deutschland
e.V.,Tuberous Sclerosis Association of Greece, Tuberous Sclerosis
Complex Association of Hong Kong, Hungarian Foundation for Tu-
berous Sclerosis, TSC Alliance of India, TSC Ireland, TSC Alliance of
Israel, Tuberous Sclerosis Complex Association, ItalydAssociazione
Sclerosi Tuberosa (AST), Japanese Society for Tuberous Sclerosis,
Dajte ni krilija, TSC Alliance of Mexico, Stichting Tubereuze Scle-
rosis Nederland (STSN), Tuberous Sclerosis New Zealand (TSZNZ),
Norsk forening for Tuberøs Sklerose (Norway), Stowarzyszenie
Chorych na Stwardnienie Guzowate, The Portuguese Tuberous
Sclerosis AssociationdAssociaç~ao de Esclerose Tuberosa em
Portugal (AETN), Association of patients with tuberous sclerosis,
Tuberous Sclerosis Association of Serbia, ASTUSdAsoci�acia tuber-
�oznej skler�ozy (ASTUS, n.o.), Tuberous Sclerosis South Africa,
Spanish Tuberous Sclerosis AssociationdAsociaci�on Nacional de
Esclerosis Tuberosa, TSC SwedendTSC Sverige, STB Suisse
(Switzerland), Taiwan Tuberous Sclerosis Association (TTSC), TSC
Alliance Foundation, Tuberous Sclerosis Association, Non-
governmental Organization All-Ukrainian Aid Association for Peo-
ple with Tuberous Sclerosis, and TSC Alliance.

TSC expert clinicians, researchers, and other advisors: John
Bissler, MD; Dan Bloom; Peter Crino, MD, PhD; Paolo Curatolo, MD;
Petrus de Vries, MBChB, MRCPsych, PhD; Zo€e Fuchs; Wesley
Gomes; Elizabeth Henske, MD; Tobjørn Hodne; Anna Jansen, MD,
PhD; Sergiusz J�o�zwiak, MD, PhD; J. Chris Kingswood, MBBS, MSc,
FRCP; Darcy Krueger, MD, PhD; Nan Martin; Jo Anne Nakagawa;
Hope Northrup, MD; Jennifer Pembroke; E. Steve Roach, MD; Ste-
ven Roberds, PhD; Kari Luther Rosbeck; Eva Schoeters; Elizabeth
Thiele, MD, PhD, Hongbing Zhang, MD, PhD.
83
References

1. Northrup H, Krueger DA, Roberds S, et al. Tuberous sclerosis complex diag-
nostic criteria update: recommendations of the 2012 International Tuberous
Sclerosis Complex Consensus Conference. Pediatr Neurol. 2013;49:243e254.

2. Krueger DA, Northrup H, Tuberous I. Tuberous sclerosis complex surveillance
and management: recommendations of the 2012 International Tuberous
Sclerosis Complex Consensus Conference. Pediatr Neurol. 2013;49:255e265.

3. Both P, ten Holt L, Mous S, et al. Tuberous sclerosis complex: concerns and
needs of patients and parents from the transitional period to adulthood. Epi-
lepsy Behav. 2018;83:13e21.

4. Rentz AM, Skalicky AM, Liu Z, et al. Tuberous sclerosis complex: a survey of
health care resource use and health burden. Pediatr Neurol. 2015;52:435e441.

5. Kingswood JC, Crawford P, Johnson SR, et al. The economic burden of tuberous
sclerosis complex in the UK: a retrospective cohort study in the clinical practice
research datalink. J Med Econ. 2016;19:1087e1098.

6. Hess EJ, Moody KA, Geffrey AL, et al. Cannabidiol as a new treatment for drug-
resistant epilepsy in tuberous sclerosis complex. Epilepsia. 2016;57:
1617e1624.

7. Franz DN, Krueger DA. mTOR inhibitor therapy as a disease modifying therapy
for tuberous sclerosis complex. Am J Med Genet C Semin Med Genet. 2018;178:
365e373.

8. Kaneda M. Tuberous scler complex. Gene Review. 2019;71:374e379.
9. Freitas G. Diagnosis and follow-up of the pediatric and adult tuberous sclerosis

person. Portugal; 2018. Available at: https://normas.dgs.min-saude.pt/wp-
content/uploads/2019/09/Diagnostico-e-Tratamento-da-Esclerose-Tuberosa-
em-Idade-Pediatrica-e-no-Adulto.pdf. Accessed August 5, 2021.

10. TSC Alliance Patient-Focused Drug Development Meeting 2017. Available at:
https://www.tsalliance.org/individuals-families/patient-focused-drug-
development/. Accessed October 28, 2019.

11. Cockerell I, Guenin M, Heimdal K, Bjørnvold M, Selmer KK, Rouvi�ere O. Renal
manifestations of tuberous sclerosis complex: patients’ and parents’ knowl-
edge and routines for renal follow-up - a questionnaire study. BMC Nephrol.
2018;19:39.

12. Swallow E, King S, Song J, et al. Patterns of disease monitoring and treatment
among patients with tuberous sclerosis complex-related angiomyolipomas.
Urology. 2017. https://doi.org/10.1016/j.urology.2017.02.036.

13. Afinitor ® n.d. Available at: https://www.drugs.com/history/afinitor.html.
Accessed October 28, 2019.

14. Votubia ® - European Medicines Authority n.d. Available at: https://www.ema.
europa.eu/en/medicines/human/EPAR/votubia. Accessed October 28, 2019.

15. Rapamune ® (Sirolimus) Package Insert - USA n.d. Available at: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2017/021083s059,021110s076lbl.
pdf. Accessed October 28, 2019.

16. Rapamune ® (Sirolimus) Package Insert - Europe n.d. Available at: https://
www.ema.europa.eu/en/documents/product-information/rapamune-epar-pro
duct-information_en.pdf. Accessed October 28, 2019.

17. Rapalimus ® Gel 0.2% 2018. Available at: https://www.nobelpharma.co.jp/en/
news/pdf/20180326_en.pdf. Accessed October 28, 2019.

18. ClinicalTrials.gov n.d. https://clinicaltrials.gov/ct2/home. Accessed October 28,
2019.

19. Devries PJ, Leclezio L, Wilmshurst JM, et al. Diagnosis, monitoring and treat-
ment of tuberous sclerosis complex: a South African consensus response to
international guidelines. S Afr Med J. 2017;107:368e378.

20. Graffigna G, Bosio C, Cecchini I. Assisting a child with tuberous sclerosis
complex (TSC): a qualitative deep analysis of parents’ experience and caring
needs. BMJ Open. 2013;3:e003707.

21. Rentz AM, Skalicky AM, Pashos CL, et al. Caring for children with tuberous
sclerosis complex: what is the physical and mental health impact on care-
givers? J Child Neurol. 2015;30:1574e1581.

http://refhub.elsevier.com/S0887-8994(21)00152-1/sref1
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref1
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref1
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref1
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref2
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref2
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref2
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref2
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref3
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref3
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref3
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref3
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref4
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref4
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref4
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref5
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref5
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref5
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref5
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref6
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref6
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref6
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref6
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref7
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref7
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref7
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref7
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref8
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref8
https://normas.dgs.min-saude.pt/wp-content/uploads/2019/09/Diagnostico-e-Tratamento-da-Esclerose-Tuberosa-em-Idade-Pediatrica-e-no-Adulto.pdf
https://normas.dgs.min-saude.pt/wp-content/uploads/2019/09/Diagnostico-e-Tratamento-da-Esclerose-Tuberosa-em-Idade-Pediatrica-e-no-Adulto.pdf
https://normas.dgs.min-saude.pt/wp-content/uploads/2019/09/Diagnostico-e-Tratamento-da-Esclerose-Tuberosa-em-Idade-Pediatrica-e-no-Adulto.pdf
https://www.tsalliance.org/individuals-families/patient-focused-drug-development/
https://www.tsalliance.org/individuals-families/patient-focused-drug-development/
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref11
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref11
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref11
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref11
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref11
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref11
https://doi.org/10.1016/j.urology.2017.02.036
https://www.drugs.com/history/afinitor.html
https://www.ema.europa.eu/en/medicines/human/EPAR/votubia
https://www.ema.europa.eu/en/medicines/human/EPAR/votubia
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/021083s059,021110s076lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/021083s059,021110s076lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/021083s059,021110s076lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/rapamune-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/rapamune-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/rapamune-epar-product-information_en.pdf
https://www.nobelpharma.co.jp/en/news/pdf/20180326_en.pdf
https://www.nobelpharma.co.jp/en/news/pdf/20180326_en.pdf
https://clinicaltrials.gov/ct2/home
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref19
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref19
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref19
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref19
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref20
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref20
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref20
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref21
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref21
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref21
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref21


C. Stuart, C. Fladrowski, J. Flinn et al. Pediatric Neurology 123 (2021) 77e84
22. Doma�nska-Pakieła D, Kaczorowska M, Jurkiewicz E, Kotulska K, Dunin-
Wa̧sowicz D, J�o�zwiak S. EEG abnormalities preceding the epilepsy onset in
tuberous sclerosis complex patients - a prospective study of 5 patients. Eur J
Paediatr Neurol. 2014;18:458e468.

23. Słowi�nska M, J�o�zwiak S, Peron A, et al. Early diagnosis of tuberous sclerosis
complex: a race against time. How to make the diagnosis before seizures?
Orphanet J Rare Dis. 2018;13:25.

24. Wu JY, Peters JM, Goyal M, et al. Clinical electroencephalographic biomarker for
impending epilepsy in asymptomatic tuberous sclerosis complex infants.
Pediatr Neurol. 2016;54:29e34.

25. Boronat S, Barber I. Less common manifestations in TSC. Am J Med Genet C
Semin Med Genet. 2018;178:348e354.
84
26. Peron A, Canevini MP, Ghelma F, Di Marco F, Vignoli A. Healthcare transition
from childhood to adulthood in tuberous sclerosis complex. Am J Med Genet C
Semin Med Genet. 2018;178:355e364.

27. Auvin S, Bissler JJ, Cottin V, Fujimoto A, Hofbauer GFL, Jansen AC. A step-wise
approach for establishing a multidisciplinary team for the management of
tuberous sclerosis complex: a Delphi consensus report. Orphanet J Rare Dis.
2019;14:91.

28. Krieg AM. Mind the gap!. Nat Biotechnol. 2019;37:622e623.
29. de Vries PJ, Wilde L, de Vries MC, Moavero R, Pearson DA, Curatolo P.

A clinical update on tuberous sclerosis complex-associated neuropsychiatric
disorders (TAND). Am J Med Genet C Semin Med Genet. 2018;178:
309e320.

http://refhub.elsevier.com/S0887-8994(21)00152-1/sref22
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref22
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref22
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref22
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref22
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref22
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref22
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref23
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref23
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref23
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref23
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref23
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref24
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref24
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref24
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref24
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref25
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref25
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref25
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref26
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref26
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref26
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref26
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref27
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref27
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref27
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref27
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref28
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref28
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref29
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref29
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref29
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref29
http://refhub.elsevier.com/S0887-8994(21)00152-1/sref29

	Beyond the Guidelines: How We Can Improve Healthcare for People With Tuberous Sclerosis Complex Around the World
	Introduction
	Priority 1: People with TSC need health care that implements the clinical guidelines
	Awareness and knowledge of the guidelines
	Access to imaging
	Access to treatments
	Priority 1 recommendations

	Priority 2: People with TSC need health care that has access to TSC expertise
	Priority 2 recommendations

	Priority 3: People with TSC need health care that is coordinated and integrated
	Priority 3 recommendations

	Conclusions
	Acknowledgments
	References


