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INTRODUCTION

uberous selerosis complex (TSC) is a genetic

disorder that can affect multiple organ systems.
Care for an individual with TSC may require ongoing
treatment involving medical specialists, allied
healthcare specialists, and those skilled in educational
and psychological care. As such, it is important for
individuals with TSC, their family and/or carcgivers to
educate themsclves about the discase and to facilitate
communication between the healtheare providers and
other professionals with whom they interacr.

This brochure explains the clinical manifestations
of TSC and irs variable features; outlines some of the
commonly needed medical tests and their purpose;
and helps individuals cope with the diagnosis. There
is a very strong bond within the TSC community, and
the Tuberous Sclerosis Alliance exists to provide the
guidance, support, services and nerworking to improve
the lives of those affected by TSC.

This brochure is intended to provide basic
information about TSC. It is not intended
to, nor does it, constitute medical or other
advice. Readers are warned not to take any
action with regard to medical treatment

or otherwise based on the information

in this brochure without first consulting

a physician. The Tuberous Sclerosis
Alliance does not promote or recommend
any treatment, therapy, institution, or

healthcare plan.

- AN INTRODUCTION TO TS5C | TUBERCUS SCLEROSIS ALLIANCE 1 BOO-225-6872 | www. tsallianca. arg



CONTENTS

Bl \iiar s TSC?

B How 15 TSC DIAGNOSED?

- WHAT ARE THE CLINICAL
FEATURES OF TSC?

- GENETICS OF TSC

B Gineric Testing oF TSC
19 [NFORMATION AND SUPPORT
Bl Corvivonty Askep QQUESTIONS
B Avrennix

B Giossary




WaAaT 1s TSC?

’ I Tuberous sclerosis complex (TSC), or tuberous
sclerosis (T5), is a genetic disorder thar allects
many organs and causes tumors in the skin, kidney,

brain, heare, eyes, lungs, teeth or oral cavity, and other
organs'. Individuals with TSC may be initially diagnosed
because of involvement in any or all of these organs,
often depending on the age at which a person receives
the diagnosis. The severity of TSC can range from mild
to severe, even within the same family if more than one
person has TSC.

The diagnosis of TSC and further evaluation of
people at risk for TSC involve careful examination of
the skin, heart, eyes, brain, lungs and kidneys, as well as
genetic testing. It is important to know the disorder’s
manifestations and ro follow the recommendarions for
screening and evaluarting TSC,

Population-based studies suggest a prevalence of 1
in 9,000 individuals in the general population, but irs
incidence has been estimared to be 1 in 6,000 live births.
It is estimared that at least 50,000 Americans and 1
million individuals worldwide have TSC. TSC shows no
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gender bias and occurs in
all races and ethnic groups.
Individuals of all ages
may receive the diagnosis
of TSC depending on
the manifestations they
have, The diagnosis of
TSC may occur after the
development of facial
angiofibromas in an
adolescent, because of the
presence of heart tumors
(cardiac rhabdomyomas)
in a newborn or the
onset of kidney :
problems in an adult.
However, in the %
majority of cases,
the diagnosis of
TSC comes after
the start of seizure



How Is Tsc DIAGNOSED?

linical diagnosis of TSC is based on a careful

physical exam in combination with imaging
studies, The specific studies to be performed depend
on the age of the individual who is suspected to have
TSC. Magnetic resonance imaging (MRI) may be used
to image the brain to look for cubers and other brain
involvement. Computed tomography (CT) of the lungs,
liver and kidneys may show tumors and/or cysts in those
organs. Doctors should carefully examine the skin for
the wide variety of skin fearures, such as ibromas found
on the fingernails and toenails, dental pits and/or gum
fibromas found on examination of the mouth. A Wood's
lamp or ultraviolet light may be useful for locaring the
hypomelanotic macules (areas of the skin thart are lighter
than the surrounding, normal skin), which can be hard 1o
see on infants and individuals with pale or fair skin. The
eyes should be examined for abnormalicies of the rerina.
The heart should also be examined using both imaging
methods and electrocardiograms.

The diagnostic criteria and recommendartions

~ for testing and follow-up for TSC were published
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following the
THC Concensus
Conference™ and
still apply roday'.
Genetic testing

for TSC can now

be used to diagnose
and/or confirm a
clinical diagnosis of
TSCY, There is no
single clinical fearure
absolutely specific to the
condition. In addition,
many features of TSC, such as
seizures and intellecrual disabilicy,
are seen in individuals wighane TSC.
Therefore, a constellarion of fearures is
necessary for the clinical diagnosis, with cerain
fearures contributing more heavily to the diagnosis, and
an increasing number of features making the clinical
suspicion of TSC more likely,
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being sought. Features of TSC are most commonly
seen in the skin, brain, kidneys, heart, eyes and lungs.
Additional features have been reported in multiple
other organ systems including the gums, teeth, bones,

liver, pancreas, and reproductive organs,
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! I Y S C can affect any or all systems of the
body, causing a variety of signs and
symproms. Which fearures of TSC are present may

also depend on the age of the individual who is being

clinically evaluated or for whom genetic testing is

TUBERO LS SCLERD SIS



Central Nervous System

= Subeperchmasl rodubes [SEN) = Seieures

= Contical or subcortical ubers = Developmental delay

= Subeperidymal giant o ireekecnal dicabiiy
ol o = Autisiclke pervanie

Skin

= Hypomelanobc macubks

= Facial arygicfibramas

= Shagjreen patches

= Fitarcin [acial pladgques

= Lirgual or
paringUal Bremas

BrAIN AND NEUROLOGICAL
FuNcCTION

everal types of brain abnormalities may be seen in

individuals with TSC, including cortical tubers,
subependymal nodules, and subependymal giant cell
tumors (SGCT). Some individuals will have all of
these changes, whereas others will have none. The vast
majority of individuals with TSC however, will have one
of these abnormalities.

Cortical tubers

Corrical mubers are best visualized
using MRI of the brain. The corrical
tuber, for which TSC was originally
named, is a disorganized area of
the brain thar conrains abnormal
cells, Some individuals with TSC
will have numerous rubers, whereas
others will not have any. The wbers are more difficult to
see in an infant’s brain than in 2 more mature brain, but
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CLINICAL FEATURES

it is still possible to image the rubers in 2 newborn, Tubers of the brain causing hydrocephalus.
and/or the brain area surrounding a ruber play a role in With this condition, pressure will

the development of seizures in individuals with TSC. build up within the brain resulting in
However, recent studies have shown that there may also be symptoms that may include vomiting,
numerous scattered abnormal cells throughout the brain nausea, headache and changes in

of an individual with TSC, and the role of these cells in appetite, behavior and mood. Should
seizure development is not clear, this occur, the tumor will need

treatment with either surgery or the

Sﬂbﬁﬂt’ﬂdj’ﬂ!df nodules FDA-approved drug Afinitor. SGCTs

Subependymal nodules (SEMs) are small accumulations are also called subependymal giant cell astrocytomas
of cells thar are located on the walls of the cerebral ventricles (SEGAs). Since the 5GCT is a benign tumor, radiation
(the spaces in the brain that contain cerchrospinal Huid should never be used to trear this type of brain tumor.
[CSF]). The nodules often accumulate calcium, and are then An MRI study should be performed at the time
easily identified on CT imaging of the brain. of diagnosis of TSC to get a baseline image, and then

every | to 3 years (as determined by the individual

Sﬂb@ﬁldyﬂ!dzgﬁﬂt cell tumor (SGCI:} with TSC and his or her family and physician). If

This rype of non-cancerous brain tumor develops in a SGCT is identified, an MRI should be performed
approximately 15% of individuals with TSC. A SGCT every 3 to & months to monitor its growth, and treared
does not usually grow until later childhood, teenage and il the tumor continues o grow or if the individual
voung adult ages, and the chance for its growth greatly becomes sympromatic, Some physicians believe thar it
decreases alter the mid-20s. 1Fa SGCT grows large is advantageous to treat or 1o have the SGCT removed

enough, it can block the flow of CSF inside the ventricles
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when it is small and has not had an opportunity to invade
the surrounding brain tissue,

Neurological involvement

Epilepsy, intellectual disabilities (mild to severe),
and psychiarric and behavioral problems are the most
common neurological manifestations in TSC. Individuals
with milder forms of TSC commonly have litde or no
neurological impairment, although they may still have
minor learning disabilities and/or mental health issues.

Epilepsy/seizure disorders

Seizures remain one of the most commeon neurological
features of TSC, occurring in 60% o 90% of individuals
with TSC. Some infants will be diagnosed with TSC after
they begin having a type of seizure called infantile spasms.
Older children and adults may develop multiple types of sei-
zures including generalized, complex partial and other focal
sefzures. More than 50% of individuals with TSC who have
epilepsy will not respond to standard antiepileptic medica-
tions and have intractable epilepsy. Techniques can be used
to identify the specific area where the seizures begin (called

FEATURES

the sefzure focus) and improved neurosurgical techniques
used to remove that specific area of the brain. Although
not all individuals with TSC who undergo brain surgery for
epilepsy are seizure-free, many cases result in a significant
improvement in seizure frequency and/or severity,

Intellectual disability

Approsximately 45% to 60% of individuals with TSC
have intellectual disabilities, although the degree of intel-
lectual dysfuncrion ranges from very mild to severe, Some
children appear to develop normally until the onset of sei-
zures, when their progress slows or they actually lose devel-
opmental milestones. Individuals whose seizures continue
unchecked even after treatment {intracrable seizures) have a
higher likelihood of intellecrual impairment.

While most individuals with TSC who have
intellecrual disabilities also have epilepsy, many
individuals with TSC thar have seizures do nor have
significant intellecrual disabilities. Some individuals with
TSC may have mild learning disabilities thar are essenrial
to consider when early interventions, school programs, or
career choices are being made,
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Psychiatric and behavioral problems

Psychiatric and behavioral disorders are commaon
in individuals with TSC and include autism spectrum
disorder (ASD), pervasive developmental disorders
(PDD), attention deficit hyperactivity disorder (ADHD),
obsessive compulsive disorder (OCD), depression, anxiety
disorder, bipolar disorder and/or aggressive behavior,
Risk factors for ASD, PDD, AD/HD and aggressive
behavior include intellectual disability and seizures carly
in life, especially infantile spasms. Theretore, infants
suspected of having T5C are ar risk for the development
of these diagnoses and should be evaluared by the
appropriate healthcare providers.

Experts recommend thar all children diagnosed with
TSC have a thorough neuropsychological evaluarion
at the time of diagnosis so thar early intervention
can be implemented. A consensus on the inicial
neuropsychological evaluation and subsequent follow-up
was published in 2005 and includes recommendations
for an initial evaluation and follow-up testing at times of
school transition and/or as needed based on the needs of
the individual with TSC?,

SKIN

kin lesions resulting
from TSC include the
following:

Hypomelanotic

are Hat areas of
skin that appear lighter than
the surrounding skin. They
can be any size or shape or may be the classic “ash-leat™
shape (as called in older literature). The skin cells in this
area of the skin contain less pigment, so the area appears

lighter than the surrounding skin.

The shagreen patch is
a patch of skin chart is similar
in color to surrounding

skin but may be tough and
dimpled like an orange peel.
The shagreen patch is usually
found on the lower back and
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nape of the neck, but they
may also be seen on other
parts of the body.

Periungual or

mbmgua! fibromas
are small fibrous growths thar
appear around the fingernails
or toenails and are usually not seen uneil adule life.

Facial mgiqﬁbmm. are benign tumors of the
face thar often appear across the checks and nose and on
the chin. They are initially
small reddish spots or bumps
that may increase in size with
age. Facial angiofibromas

are rarely present at birth,
bur often appear as the child
reaches 4 or 5 vears of age or
older, Some individuals with
TSC will never develop this
manifestation of the disease,
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A forebead plaque s
similar to the angiofibroma
but is found on the forehead
and scalp. These flesh-colored
plaques are soft or compressible
or doughy to hard lesions,

At the initial examination,
a physician will use a Wood’s
lamp {an ultraviolet light) to
better visualize the hypomelanotic macules especially on
infants and people with very pale skin. The skin should be
carcfully examined for other manifestations of TSC as well.

KiDNEY

R:nal (kidney) angiomyolipomas (AMLs) are non-
ancerous tumors, and are the most common

type of kidney lesion in TSC. AMLs occur in 70% 1o
80% of adults and older children with TSC, These
tumors begin to grow in childhood in many individuals
with TSC, but usually grow very slowly and may not
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be problematic until young adulthood. Individuals
with TSC should have their kidneys imaged at the
time of diagnosis and then every one to three years as
long as the individual shows no symptoms of kidney
involvement, Onece kidney involvement is identified,

imaging should be performed on an annual basis. MRI
is the best imaging technique for renal involvement.
AMLs larger than 4 cm are more likely to cause
symptoms such as hemarturia (blood in the urine)
because they often have abnormal blood vessels in them.
AMLs may be trearable through a procedure called
embaolization in which the blood supply to the tumor is
blocked.

Surgery is sometimes necessary to remove the AML
as well as all or part of the kidney, depending on how
large the AML has grown. If the AMLs are smaller than
4 cm, they should be closely monitored. Blood pressure
should be monitored ar each visit to the physician
because it can be the first sign of increasing kidney
involvement. Other signs to watch for are blood in
the urine and complaints of abdominal or flank (the
side of the body between the pelvis or hop and the last

rib) pain. The use of urine and blood tests to monitor
kidney function is not acceprable for individuals with
TSC because they may have extensive involvement due
to AMLs and still have normal test results.

Another common finding in individuals with TSC is
renal cysts, Many individuals with TSC will have single
cysts in one or both kidneys, These cysts are usually not
clinically significant, and cause the individual with TSC
no problems.

Some individuals with TSC will also have polycystic
kidney disease (PKD). The TSC2 gene is locared next to
one of the genes for PKD on chromosome 16, so large
deletions of this chromosome sometimes results in pare of
both the TSC2 and PKD genes being delered. This then
results in an individual with both diseases, and usually
these children are born with PKD. PKD is characrerized
by polycystic kidneys, or kidneys that have multiple cysts.
These cysts grow and multiply over time, also causing the
mass of the kidney to increase. Ultimately, the diseased
kidney shuts down causing end-stage renal disease for
which dialysis and transplantation are the only forms of
tréatment.
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HEART

Cardiac (heart) thabdomyomas (non-cancerous tumors)
usually form in the heart of infants with TSC and are
at their largest size at the time of birth, The incidence of
these tumors in TSC has been reported to vary from 47%
to 67%. An echocardiogram (ultrasound of the heart) is
very important to determine the size and location of the
cardiac rhabdomyomas, as well as cardiac function. The vast
majority of cardiac rhabdomyomas spontancously shrink
and essentially disappear, bur a few individuals wich TSC
will have long-term heart thythm problems (arrhythmias)
that will need to be monitored throughour their lives,

Eve

Benign tumors and depigmented pacches may occur
inside the eyes of individuals with TSC, but they rarely
cause any visual loss or problem. An eye exam at the time of
diagnosis is recommended, and then follow-up as needed by
an ophthalmaologist familiar with TSC manifestations,

LuNnG

Lung involvement is far more commeon in women
with TSC than men. The average age of onset is
during the childbearing years, although lung involverment
can occasionally occur in teenagers or women with
TSC who are in their 205, as well as in postmenopausal
women. This evidence suggests that lung involvement
in TSC could be estrogen-related. However, a very small
number of men with lung disease have been reported.
Many women who have lung invelvement due to TSC
have lymphangioleiomyomartosis (LAM), a degenerative
cystic disease of the lungs. The first symptoms of lung
involvement in an individual with TSC may be shortness
of breath after mild exercise, cough, or spontaneous
prneumothorax (a collection of air or gas in the chest
causing the lung to collapse). Progression of such lung
involvement to pulmonary failure can sometimes oceur,
and some individuals may require lung transplantation,
Recent studies have shown thar around 40% of women
with TSC have LAM, but the lung involvement tends to
be mild and most commonly does not produce symproms,
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It is recommended thar women with TSC have a high-
resolution chest CT scan (not a regular X-ray) sometime
around 18 years of age or at the time of diagnosis of TSC
for adult women, A high-resolution CT scan of the lung
is superior to a regular X-ray because the early signs of
lung involvement may easily be missed on an Xeray, If
pulmonary involvernent is noted, cigarette smoking and
estrogen containing medications should be avoided, and
chest CT scans and pulmonary function tests repeated at
regular intervals. The individual should be followed closely
by a pulmonelogist familiar with TSC and LAM.

TEETH AND
OraL CavrTy

O ral involvement in TSC can include gum fibromas
and denal pits. The fibromas appear as overgrowth
of the gums and can be quite extensive, although this
finding is not common in individuals with TSC.

Diental pits can be observed in both primary and
adult teeth; the incidence in individuals who are 11 years
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old and older is 100%, while it is 76% in individuals
vounger than 11, The pits are seen on both the frone and
back surfaces of the teech, which are areas thar do not
normally develop cavities, The dental pits can be revealed
using a dental plaque-disclosing stain. Examination of
the teeth is noninvasive and can usually be performed

by a dental hygienist or other healthcare provider.
Meticulous dental hygiene, including regular brushing
and Hossing, is an important aspect in preventative care

for individuals with TSC,

OTHER ORGAN
SYSTEMS

ysts and AMLs similar to those found in the kidneys

have been observed in other organs such as the
adrenal gland, liver, lung, ovary and pancreas. These
lesions are usually asymptomatic and do not require
trearment. If they are symptomatic, they should be
treated by the appropriate specialist and be removed if
they are enlarging.




( : enes are the biochemical instructions

found inside the cell, not unlike the

(JENETICS

programs found inside computers. Human

beings have 22 pairs of chromosomes, as well as

a pair of sex chromosomes. Females have two

X chromosomes and males have an Xand a Y
chromosome. Qur genes come in pairs, with one
copy inherited from the mother and the other
from the father. All people have variations in
their genes — some of which cause diseases and

others increase risk for developing some diseases,
and some variations cause no problems at all.

Some of these variations have been passed down
from one parent, and some variations are unique

- to individual human beings.
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SC is caused by a
r:h;mge oF variation
(called a mutation when it
causes disease) in either the
TSCT gene on chromosome 9

or the TSC2 gene on chromosome
16, TSC is an autosomal dominant
genetic disorder. This means chae an
individual with TSC has a mutation in either of the

TSC genes that then causes the disease. Many genetic
disorders such as TSC can be sporadic, or occur for the
first time in a family. Such sporadic occurrences are

the result of a new genetic mutation and account for
approximately 60% of all cases of TSC. The remaining
40% of cases are the result of a TSC gene conraining a
mutation being passed along (inherited) from either the
maother or the father to their child. Individuals with TSC
have a 50% chance of passing their condition on 1o each
of their children. The ability 1o differentiate between an
inherited and sporadic occurrence of TSC sometimes
relies on a thorough evaluation of the family members of
the individual with TSC. This may involve evaluation of

the parents, as well as some

or all of the siblings.

There are no known
cases of an individual having
a mutation in both genes, and
TSC does not skip a generation, Tt
is possible for a member of the family
to have such a mild case of TSC as to scem
unaftected. It is still unclear whether the severity of an
individual’s TSC can be predicted by knowing their
exact mutation, but preliminary evidence suggests that
mutations in TSC2 tend to produce more symptoms with
increased severity than murations in TSC1%. Further
studies are underway to clarify this issue.

Significant progress in understanding the function(s)

of the TSC genes has wranslated into clinical trials o
test medications for cheir ability to stop tumor growth.
The TSC genes work rogether as a complex in a specific
signaling pathway in cells thar regulare cell groweh.
Ongoing basic and clinical research are rapidly moving
toward additional clinical trials and hopefully to the day
when the symptoms of TSC can be prevented,
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GENETIC TESTING OF

GEN ETIC TES TING Despite advancing knowledge abour TSC mutations,
it is not possible to predict the severity of symproms in a
OF TSC person with a new di;lgnosis ol TSC. A person can have

TSC and have very few or mild symptoms, while a family

Genetic testing allows the individual with TSC, member with TSC can have more severe or extensive
family members and healtheare provider to know exactly symptoms, It is thought, however, that most people who
what mutation in either the TSC1 or TSC2 gene caused have a TSC mutation will have some signs or symptoms
TSC. This information may be helpful for a number of if examined carefully by a physician familiar with the
reasons. In some cases, the identification of a TSC1 or diagnosis of TSC. The distinction between sporadic TSC
TSC2 mutation will facilitate a definite genetic diagnosis and familial {or inherited) TSC is importan, as it affects the

of TSC in an individual who has not yet developed enough
symptoms for a clinical diagnosis, While a negative

DNA test resulr cannot rule our a diagnosis of TSC, a
positive result confirms the diagnosis. In other cases,

an individual may have a definite diagnosis of T5C, and
family members may wish to know their own genetic starus
withour undergoing extensive clinical evaluarions. Upon
identifying the TSC mutation in the individual with a
definite diagnosis of TSC, any other family member can be
easily tested o determine whether he or she is also affected.
In addition, the availability of DNA mutation results
mikes reproductive decision-making possible,
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risk thar other persons in the family are affected. Therefore,
immediate family members of a person newly diagnosed
with TSC should be thoroughly examined.

Another factor that complicates the genetics of TSC
is germline mosaicism. Germline mosaicism occurs when
an individual has cells in his or her germline (egg or sperm
cells) that carry a genetic mutation, but not in cells in
other parts of the body. While quite rare, individuals with
germline mosaicism may have one or more children with
TSC but not have any clinical symptoms of TSC. Given the
complicated nature of TSC genetics, all families who have
an affecred relative with TSC should receive a referral o a
genetic counselor or geneticist to discuss their unique genetic
risk to either have TSC or to have a child wich TSC.

For more information on obtaining

the molecular diagnostic genetic test
for TSC contact Athena Diagnostics
at 1-800-394-4493, or visit

www.athenadiagnostics.com

GENETIC COUNSELING

enetic counselors are individuals who are trained in

both genetics and counseling and work as pare of
the healthcare team. Genetic counselors offer individuals
with TSC and their families information abour the
genetic nature of their condition and the risk for other
family members to also have TSC. They also assist
couples with making decisions about having children.
The goal of genetic counseling is to ensure that the family
understands the genetic implications of the diagnosis and
to help individuals with TSC and their families make
informed medical and personal decisions.

1o locate a genetic counselor near you,
contact:
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en you or a member of your family

receives the diagnosis of TSC, it ~ with this diagnosis.

is likely that this will be the first time . Ifyou are diagnosed
you have heard the name of this rare with TSC as an adult, you
genetic disorder. If you are a parent, = may wonder how this
you may ask yourself, “Did 1 ; * will impact your life and
do something to cause this?” or the lives of your family,

gy

“Did I pass this disorder on to how it will affect your

health and where you

can find information

my child?” You may have fears
for the future. These are

feelings commonly felt by
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and support.
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Individuals with TS5C and their families learn abour
the disease and how it will affect their lives in many
different ways. Some individuals want to have all of the
information they can get their hands on so they know
all the possible issues they will have to face in the future,
Oithers prefer o take it one step at a time and only access
the information they need for their immediate issues,
There is no one right way, and every one does this at their
own speed and in their own way.

One of the most frustrating things about TSC is
that you never know what the next day may bring,
Some have described it as feeling like walking through a
minefield because you never know when the next crisis
will occur. Because TSC is so variable, it is not possible
to predict how an individual will be affected by TSC.
The uncertainty is sometimes difficult to deal with and
can cause a great deal of stress for individuals and their
families. Suppore from your family and friends, and
open and honest communicarion will provide strength
for the whole family so that the individual with TSC will
have the support he or she needs. Tarticipating in a TSC
support group may also be helpful for everyone involved.

TUBEROUS SCLEROSIS

ALLIANCE

he Tuberous Sclerosis Alliance (TS Alliance) acts

as a clearinghouse for individuals with TSC, their
familics, caregivers, educators and healthecare providers
seecking the most up-to-date informartion about TSC,
The TS Alliance also provides resource information on
many aspects of healtheare, treatment, education and
other challenges that may be encountered by individuals
with TSC. The organization also serves to connect
individuals throughour the nation and beyond, creating
a nerwork of informed construents, educarors and
healthcare providers. Because TSC is often difficult to
diagnose and proper management of TSC is essential to
optimum health, the TS Alliance continues to focus on
educaring the general public and healthcare providers
abourt the issues involved with a diagnosis of TSC.

By producing informartive brochures, Information

Sheets on the various manifestations of TSC, and other
resources, the TS Alliance strives to educate individuals
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INFORM

with TS,
their fami-
lies, care
providers,
educators
and healcheare
providers on
identification
and diagnosis
of TSC, the lat-
€5t In frearment
protocols, and
other issues related to TSC. Perspective, the organization’s
quarterly magazine, provides current news about the TS
Alliance, research updares, governmenr relarions’ actions
and special events.

A continuously updared Web site serves as
the primary source of information 1o a worldwide
community of healthcare providers and individuals with
TSC and their families seeking up-to-date informartion
about TSC, while also serving as a networking tool for

A MND SUPPOR

nmn = -

X e L e
|

d ===

individuals an
families to unite
together to
provide support
and information
through

various online
discussion
groups.

The TS Alliance offers

qualified staff members who

can provide critical service
to individuals with TSC, their families and caregivers.
Services provided include one-on-one support/guidance,
informarion abour specific aspects of T'SC, and referral
to appropriate community resources as needed.
Recognizing that TSC impacts each individual in a
unique way, the TS Alliance offers railored informartion
and services to those who contact the organization in
need of assistance. The TS Alliance teaches advocacy
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INFORMATION AND SUPPORT

skills essenrial for each individual with TSC to obrain the e contuct the TS A]lia.llce Cﬂll

services needed ro maximize his or her quality of life,
An extensive network comprised of dedicated 1-(800)225-6872, e-mail
volunteers across the country donates their time, talent . . .
Lo . info@tsalliance.org or visit
and energy to support the TS Alliance, The TS Alliance e
Volunteer Ourreach Program implemented through the “ww.tsalllance.urg

volunteer networks nationwide includes the Support

MNerwork, Matching Program, Ourtreach and Awareness
Program, and Community Fund Raising. These
programs enable volunteers to create awareness
of TSC in their communities, to establish
peer connections and to participate in
fund-raising events and campaigns.

The TS Alliance also offers local
help across the country through
local volunteer branches called
Community Alliances. These
Community Alliances provide
support groups, help raise funds
through special events and work
with local healtheare providers to
increase awareness of TSC,

- AN INTRODUCTION TO
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CoMMONLY ASKED (QUESTIONS

What is the life expectancy of an individual
with TSC?

A\"F"ith ever-improving medical care
and recognition of the potential severe
consequences of many of the manifestations of
TSC, most people with TSC will live a normal
life span. However, complications in some
organs such as the kidneys, lungs and brain can
lead to severe difficulties and even dearh if left
untreated or if mistreated. Sudden unexpecred
death due to epilepsy (SUDEP) has also been
reported in TSC, as has death due ro untreared
cardiac rhabdomyomas in infants with TSC. To
reduce these dangers, it is imporrant for individuals
with TSC to follow the recommended screening
guidelines to identify potential complications, and be

followed 1,;|u:~cr:|:,' t]m)ug]mut their lives.

AN INTRODUCTION TO TSSO

I TUBERODUS SCLERDS

515

Is my child with TSC at risk for a

Qd:vc]upml:nta] disability?
AChildcn with TSC have a higher than normal risk

of developmental delay, autism spectrum disorder or
pervasive developmental disorder and should be evaluated
as early as possible by trained healtheare professionals.
Early intervention can be key to optimal development for
children with TSC. Approximately 40% of individuals

with TSC will require support throughour their lives, but
many will go on to lead independent lives.

If an individual with TSC who is mildly affected
has a child, will that child also be mildly affected?

q People with mild cases of TSC can have a child who
is more severely affected. In fact, some people are
so mildly affected that they may go undiagnosed unil

ALLIAMCE | 800-225-6872 | o, tsallla




COMMONLY

their more severely affected child receives a diagnosis of
TSC or other medical issues lead o a diagnosis of TSC.

Qﬁn: the tumors cancerous?

The tumors resulting from TSC are benign or non-

cancerous, but may still cause problems, Tumors
that grow in the brain can block the How of cerebrospinal
Huid (CSF) in the ventricles in the brain. This can lead
to behavioral changes, nausea, headaches or a number
of other symptoms. In the heart, the tumors are usually
at their largest at birch, and then decrease in size as
the individual gets older. These heart tumors (cardiac
rhabdomyomas) can cause problems ar birch if they are
blocking the Aow of blood or causing severe arrthythmia
problems. Tumaors in the eyes are not as common, but can
present problems if they block too much of the retina. In
abour one third of women with TSC, mmor cells in the
lung can cause damage to the lung leading to shortness
of breath and sometimes to leakage of air into the chest

caviry and |ur15 r.x:”:l}J:.t:. Renal AMLs can become so

ASKED

- AN INTRODUCTION TO TS5C | TUBEROUS SCLEROSIS ALLIAKNCE

QUESTIONS

large that they eventually take over the entire normal
kidney and cause severe dysfunction. In the past, the
individual with TSC was left alone until l.he}r dt\'elnped
kidney failure. Today, doctors are mote aggressive and
use embolization to block the blood flow to the tumor or
remove individual tumors before they

get too large and compromise health
kidney tissue. Individuals with
TSC are at a greater risk than
the general population for
the development of renal

cell carcinoma, a type of
cancerous (malignant)
kidney tumor. Less than

2% of individuals with TSC
develop renal cell carcinoma,
burt healthcare providers
should be suspicious of

any kidney tumaor
that has a very
low fat content
based on



COMMONLY AS5KED

MRI imaging. These abnormalities must be evaluared
further to determine if the tumor is an AML or a renal cell
CAFCINOMA.

Since there is no cure, what can be done?

Early intervention is helping to diminish
developmental delays in individuals wich TSC.
Aggressive treatment of all symptoms of TSC, including
tumor growth, seizures and mental illness will provide
the highest quality of life possible for individuals with
TSC. Surgery to remove tumors is helping to preserve
the function of affected organs. Improved technology
is helping to pinpoint and remove the exact portions of
the brain stimulating seizures, Significant advancements
L 'uderstand.ing of the funcrions of the TSC genes
. h’m new and 1mprnved dlerapeunc optmn.s

1y brmgs us closer to finding |.mpr-aw:d
ents and a cure for TSC.

ICTION TO TSC | TUBEROUS SCLERQSIS ALLIANCE | 80 LB72 | www tsallio

AN IN

QUESTIONS

REFERENCES

Crinn PB, Mathanson KL, Henske EI (2006) The mberous sclernsis
complex. N Engl | Med 355{13):1345-56

Reach ES, Gome: MR, Morthrug H (1998) Tuberous sclerosis complex
consensus conference: evisad clinical diagnostic eriteria [ Ol
Newrol 19981 3-624.628

Hyman, MH, Whinemere, VEL (2000} Narional Instimres of Health
Cansensus Conference: Tuberous Sclernsis Complex. Anch Meurad
702005

Au KS, Williams AT, Roach ES, Barchelor L, Sparagina SE Delgado
ME, Wheless ['W. Baumgareoer [E, Roa BB, Wilson CM, Smith-
Enugppel TR, Cheung MY, Whicemore VH, King TM, Nerthrup
H (2007} Genowype!phenotype correlation in 52% individuals
referrad for a diagnosis of mberows sclerosis complex in the Univsd
Srares. Gener Med 9(2):88-100

de Vries B, Hemphrey A, McCarmey 12, Pracher ) Balton B, Hune
A; TSC Behaviour Consensus Panel (200%) Consensus clindcal
guiclelines for the assessment of cognitive and behavioural prablems

in Tuberous Sclerasis. Eur Child Adolese Pepehiarry 14(43:183-90



Revisep DiagNosTic CRITERIA FOR TUBEROUS SCLEROSIS COMPLEX

MAJOR FEATURES

Facial angoifibromas or forehead plaque Multiple randomly distributed pits in dental enamel .
Mon-traumatic ungula or periungual fibroma Hamartomatous rectal polyps® i
Hypomelanotic macules (more than three) . Bone cysts? I
Shagreen patch (connecrive tissue nevus) Cerebral white matter migration lines** E
Multiple retinal nodular hamartomas Gingival fibromas .
Cortical tuber' Non-renal hamartoma® |
Subependymal nodule . Retinal achromic patch .
Subependymal giant cell astrocytoma _ “Confetri” skin lesions i
Cardiac rhabdomyoma, single or multiple Multiple renal cysts® '

Lymphangioleiomyomatosis®
* When cerehral cortical dysplasia and cerebral white mavter migration

Renal angium}m[ipuma" tracts occur togesher, they should be counted a5 one sather than wo
features of TSC.
Definite TSC: Either 2 major fearures or 1 major fearure ® When both lymphangiomyomatosis and renal angiomyolipomas are
with 2 minor features gm‘u:imi;ﬁm:ﬂwumeshﬂd be present before a definirive
IHW.I s assi|

Histologic confirmation is suggested.

Radiographic confirmation is sufficient

Possible TSC: Either 1 major fearure or 2 or more minor el i TR R AU ST iBiecks] g o KT
fearures constitute 2 major feature,

Probable TSC: One major feature and one minor feature

B
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D1AGNOSTIC AND SURVEILLANCE SCREENING IN 1TSC

Ta—
parent, child or 1
degree rebative ol Suspecled cose or
time of diagaosis of  initial diagnastc
affected individuel | evoluation
Examination ef the Eye X X
Beein MAI b & ) 4
Brain EEG — —
Cardioc EKG und ECHO — X
Renal MRI X’ X
Dermalelogic Sereen X X
Pulmanary CT — _

2 WWith a negutive physical examination, MET andfor CT is recommended

& Every 1 to 3 years

¢ Probably less frequencly than in children
o Unless setzures are suspected, generally not wsebul in diagnosis

£ As clinically indicared

F Unless needed for diagnoss

# Every 6 months to 1 vear antil sumor shrinks or the size stabilizes

& Ulrasound was previously recommended due to cost and ease of use,
It enore recent studies recommiend use of MEI o provide more
demail than ultraspund and o avoid Xerays utilized in CT

i Every 3 years until adalescence

J For women at age 18

Klodified from Hymag, MH. Whiccemore, ¥H (2000} Mational [nstimures of Health Consensus Conference: Tuberous Sclerosis Complex. Areh Newral 57:662-665
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GLOSSA

AIVHD (anention-deficivhyperactivity disorder) is generally
considered to be a developmental disorder, largely neurological in nanure,
The disorder is characrerized by a persistent partern of inarrention and/!
or hyperactivity-impulsivity, Science recognizes three subrypes of ADVHD
(inartentive, hyperactive-impulsive, and combined).

Autism Spectrum Disorder Autism i & comples brain disorder that inhibits
a persons ability m communicate and develop social relationships and is often
accompanied by extreme bebardorl challenges. Autism Spectrum Disonders
are dizgnosed in one in 160 children in the United St

Benign Tumors Mon-cancerous growths. Most forms of benign umaors
do not merastasize {spread o and grow in a distane focus in normal
rissues elsewhere in the body).

Canger Cancer develops when cells in a part of the body begin o grow
out of contrel. Although there are many kinds of cancer, they all start
because of out-of-contral growth of abnormal cells,

Cardic Rhabdomyoma A benign rumeor composed of muscle rissue
that occurs in the heart.

CT {computerized tomography) A vechnique for creating images
of the internal structures of the body. CT scans are formed from
computerized imagery of many highly precise X-rays,

Cyst A closed sac containing fluid or semisolid materal, developing
abnormally in 2 body cavity o structure, Cysts can be damaging w
surrounding rissue.

Dermatologist A healthcare provider specializing in disorders of the
skin.

Developmental Dielay Delay in the normal cognitive and/for physical
development of a child.

Early Intervention A federally mandated, state administered program
that provides interventions for children age 0 = 3 years who have or
whao are at risk of having developmental delays. The programs wasally
include various therapies (physical, ocouparional, speech, erc).

ECG, or EKG, Electrocardiogram A recording creared by an
instrument called an elecrrocardiograph showing a record of the electric
activity of the heare. This noninvasive procedure shows if there are
abnormal cardiac electric impulses and/or chythms.

Epilepsy When a person has had rwo or more seizures that have not
heen provoked by specific events such as trauma, infection, fever or
chemical change, he or she is considered ro have epilepay.

Facial Angiofibromas A benign tumor of the face composed mainly of
blood vessels and fibrous tissue. Angiofibromas initially appear as pink
or red bumps and can form a butrerHy shaped distribution around the
nose, cheeks and chin,

Genetic Counselor A counselor who specializes in genetic disorders.
Genetic counselors help individuals with genetic diseases and their
families make medical and personal decisions based on their generic
informarion.
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Genetic Disorder A disease or condition caused by an absent or
defecrive gene or abnormal chromosome.

Hamartoma A common benign tumor in an organ composed of
rissue elements normally found ar that sive bur thar are growing in a
disorganized mass.

Hypopigmentation Skin abnormality featuring less color, or pigment,
than normal. In THC, h}l]_m]_ﬁgl:rwnl:atiun appears in the form uﬂ:}:m,s.
of hypopigmented macules, on any part of the body. These spots are
benign and pose no physical threar.

Infantile Spasms A severe rype of seizure thar rypically occurs berween
the ages of two months and rwo years, although mose children who
develop this type of seizure are around & months old. Ir is identified by
sudden myoclonic jerks, Aexing of the body and neck and stiffening of
the limbs, Each of these seizures lasts a very short time, bur can ocour
in I'-""E. or short elusters. IF left untreated, infantile SPAsms can have a
devastating effect on a childs intellecrual development.

Lymphangiolciomyomartosis or LAM Thiz is a lung disease thar is
caused by murations in the TSC genes thar can occur in individuals
with T5C, primarily women, or in sporadic cases. Cystic lung
destruction leads to loss of lung funcrion in LAM.

Malignant Tumer A cancerous mumor.

Metastasis Sometimes abbreviated Mers, is the spread of cancer from
its primary site o other places in the body (e.g.. beain, liver).

MRI, Magnetic Resonance Imaging A noninvasive system producing
irmages of brain dasues by wing radio waves and sorong magneric ficlds.
MRI can derect mumors, rubers and other soft tissue abnormalites.

Meurologist A healthcare provider who specializes in the function and
disorders of the nervous sysrem.

MNeurosurgery Any surgery that involves the brain, the nerves or the
,:.}:Erlal column, Meurosurgery ol the brain may b pt:rFu:rrrlel.l in an
attempt o control seizures, to remove a brain umor or o alleviare the
pressuse from hydrocephalus,

Ophthalmologist A healthcare provider who specializes in the
funcricens and disorders of the eyes,

Palycystic Kidney Disease (PKIDY) Polycystic means muldple cysts, In
effect, PED denotes multple crsts on each kidney, These cysts grow
and |11|||tip|}- over time, also causing the mass of the khhm}r 0 inCrease,
Ulrimarely, the diseased kidney shurs down causing end-seage renal
disease for which dialysis and rransplantarion are the only forms of
rearment. PED comes in two forms. Autosomal Dominant Palyoyseic
Kidney Disease {ADPEDY) is the most common, affecting 1-in-4(4

tor 1-im-500 adults. Autosomal Recessive Polyoystc Kidney Discase
(ARPEDY) is far less common, affecting 1-in-10,000 at a far younger
age, including newboms, infants and children.

Sedzure In normal brain function, tisy elevtrical q,'Jwrgrs s fromm nerve cells
in the brain vo the rest of the body, A seizare occues when the noemal pagtern
is inrerrupred by sudden and wnusually incense busses of elecrrical encegy dhar
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GLOs!

Ay canse strange sensitions, emotions, behaviors or comvalsions, muscle

spasms and boss of consciousness, These unusual burss are called seimares.

Shagreen Pacch Abnormal parches of skin resembling an orange peel,
usually found on che lower back or the back of the neck. Shagreen
patches may be present on other parts of the body as well,

Subependymal Giant Cell Tumor (SGCT) A benign tumer found in

the brain of individwals with TSC, SGCT: t}-pi-:.::ll]}' Erow near or in the
ventricles and can cause hyd rocephalus (increased pressure in the brain)
if they block the Aow of cerehrospinal Auid (CSF).

Subependymal Nodule A non-cancerous nodule (collection of cells)
locared along the edge of the brain’s ventricles. Subependymal nodules
can grow into subependymal giant cell tumors, and some subependymal
nodules become calcified (filled with a calcium deposir),

Tuber An area of the brain thar containg 2 1,|is||'rg',n1irrd collection of
abnormal eells; wsually found in the ourer lavers of the brain called che
cortex, bur can be found in deeper areas of the brain.

Tumor Tumor is primarily used to denote abnormal growth of dssue.
This growth can be either malignant or benign.

Ungual Fibromas Benign fibrous tumaors found in the areas around thi
fingernails and toenails.

Wood's Lamp An ultravialer light used ro devect hypopigmenned
macules in TAC, and wsed o diagnose other skin and scalp diseases.
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