What is Fabry?

Fabry disease is a rare, genetic condition which is estimated to affect around 1 in 100,000 people. *

In Fabry, an absence or reduced level of an enzyme called a-galactosidase A (a-Gal A), means that the body
cannot break down certain types of fats, called globotriaosylceramide (GL-3) and plasma globotriaosyl-
sphingosine (lyso-Gb3), and GL-3 builds up in a variety of cells in the body. *

This build-up causes damage to tissues and organs and leads to a range of symptoms and complications,
which vary from one person to another. *

Disease progression is influenced by the sex of the individual (male or female) and how the disease pre-
sents, called its phenotype, which is classified as either non-classical (mild form) or classical (severe form).

Symptoms and complications vary from one person to another'!
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As Fabry disease is an X-linked disorder
it can be passed to children by either parent

Mother

A mothenr with Fabry
has a 50% chance of
passing her X mutation
to any of her children

Father

A father with Fabry
passes his X mutation
to all of his daughters.
His son’s do not inhenrit
Fabry because they
inherit his Y chromo-
some

! 1 Affected
Mother
XY AX

XX XY AX Y X
Unaffected Unaffected Affected Affected
Daughter Son Daughter Son

* Fabry is caused by a mutation in the a-galactosidase A gene (GLA)
on the X chromosome

* More than 1000 different mutations which cause Fabry disease
have been identified 2

* The mutation type may indicate what symptoms an individual will
have, when they will appear and how bad they will be or will become
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A woman has heterozygous disease
She has the Fabry gene on at least one of her two X

chromosomes (XX), one inherited from her mothen,
one inherited from her father

Planning a family

When considering starting a family, Genetic counselling helps individuals and families undenr-
individuals with Fabry may wish to stand the medical, psychological, social and reproductive
consider genetic counselling. implications of having a genetic condition

Fabry and fertility

There is limited information on fenrtility in individuals with Fabry disease.

One study reported normal hormone levels and fertility in both males and females with Fabry when compared
with the general population. 8

A recent study of males reported that Fabry disease may affect sperm characteristics (e.g. count, shape and
movement), but it does not impact hormone function and only slightly reduces fenrtility rates. 4

Pregnancy Testing for Fabry

A number of tests are available to check for Fabry before a child is born:

* Before pregnancy — pre-implantation diagnosis of embryos - similar to in vitro fertilisation (IVF)
* Week 5 onwanrds — free-foetal DNA testing

* Weeks 10-12 — chorionic villous sampling (CVS)

* Weeks 16-17 — amniocentesis

Amniocentesis involves nemoving and testing a
small sample of cells from the amniotic fluid, the
fluid that surrounds the unborn baby in the womb

Not everyone chooses to find out if their unborn child has Fabry disease before they are born, instead testing
can be carried out at a later stage.



Pregnancy
The effect of pregnancy on Fabry symptoms

A retrospective study looking at the impact of Fabry disease on

pregnancy found several Fabry-related symptoms worsened during
pregnancy. These included: gastrointestinal symptoms, a sensation onr
burning/pricking/tingling in hands and feet, protein in the urine, headaches
and post-partum depression.®

A retrospective study is one which looks at infor-
mation or events that have taken place in the past




Psychological problems

FI" :

Around 10-25% of the general population experience depression or anxiety at least once over their lifetime.®

The numbers are much higher in those with Fabry disease.”

More Fabry males reponrt severe depression than Fabry females (36% vs 22%). &

Men with Fabry are more likely to have higher scores for symptoms of anxiety and depression than women

with Fabry, or those without Fabry.®

Highenr scores for anxiety and depression are also reported in adolescents with Fabry compared with those

without the disease. 1°

Symptomatic treatment refers to a treatment or
therapy (e.g. heat) that eases the symptoms of

a disease (e.g. pain) without having any effect

on the disease itself

Psychological — relates to the mind and feelings

A vicious cycle is when one problem causes
another problem, which then makes the first
problem worse

Physical symptoms vary over time and do not
always respond to symptomatic treatment which
can, in turn, lead to psychological problems, such

as depression and anxiety.

Psychological symptoms can cause individuals to experience physical symptoms such as fatigue and-

Post-partum is the period of gastrointe time after giving birthstinal problems and so a vicious cycle

develops.

Depression is often undiagnosed; 88% of mild-to-mod-
erate and 72% cases of severe depression went undi-
agnosed in Fabry patients.®

It is important to be aware
of the potential warning signs
of depression and to seek
medical help

Signs of depression are complex and, like the physi-
cal symptoms associated with Fabry, can vary widely
from one person to another.

An individual can have and show a mixture of psycho-
logical, physical and social signs that

they are depressed.

Almost half of individuals with Fabry who self-
reported depression had not received treatment
for their depression.t!

Self-reported is when someone provides

information about their own symptoms

Morbidity refers to having a disease
or symptom of a disease

Monrtality refers to the number of deaths
caused by a disease



Signs of depression

Psychological

@ Psychological

Psychological

Low mood or sadness that does
not go away

Feeling hopeless and helpless

Having low self-esteem

Feeling tearful

Feelings of guilt

Feeling irritable and intolerant of
others

Having no motivation or lost intenr-
est in doing things they used to
enjoy doing

Finding it di cult to make decisions

Not getting any enjoyment from life

Feeling anxious or worried
Thoughts of self-harm

Suicidal thoughts or attempts

Treatment for depression

A +35+6e

Treatment for depression usually involves a
combination of self-help, talking therapies

(e.g. counselling) and medicines.

Treatment recommendations

Treatment recommendations are based on
whether the person has mild, modenrate or

severe depression.

Moving or speaking more slowly
than usual

Decrease in physical activity

Changes in appetite or weight (in-
creased or decreased)

Constipation

Unexplained aches and pains (e.g.
headache/ stomach ache)

Lack of energy or enthusiasm

Low sex drive

Menstrual cycle changes

Sleep disorders (e.g. lack of sleep,
too much sleep, early morning
waking)

Avoiding contact with friends and
taking part in fewer social activities

Neglecting hobbies and interests

Having di culties in your home,

work or family life




Approximately 52—-66% of Fabry patients report Gl symptoms.*?*® Gl symptoms in Fabry vary from one person

to another but often include:*4151¢

Nausea

ABDOMINAL
CRAMPS AND PAIN

DIARRHOEA

BLOATING AND

FREQUENT GAS CONSTIPATION

FEELING FULL BEFORE % VOMITING
FINISHING A MEAL

Food intolerance

Both males and females experience abdominal
pain with the same frequency, while diarrhoea
affects more males than females. 124847

Overall Gl symptoms are experienced
by more females than males.*?

When do symptoms start?

Classic Fabry Late-onset Fabry

Symptoms of classic Fabry become apparent early in Individuals with late-onset Fabry do not show any
childhood and adolescence with Gl symptoms being overall symptoms during childhood or adolescence,
one of the earliest to appean.i®® The average age at usually developing kidney and heanrt issues between

which Gl symptoms become evident is 5 years in boys 30 to 70 years of age.?®
and 9.5 years in girls.*® Gl issues have been reponrted
in children as young as one year old.®



What causes GI symptoms?

Gl symptoms are thought to be caused by two different processes:*®

GI disturbances can have a significant impact on
people with Fabry and their quality of life.’®

Three key approaches can help improve GI symptoms

* A Fabry diagnosis is often delayed and can take an average of 14
years in males and 16 years in females from when symptoms first
appean.?!

* If Fabry disease signs and symptoms are recognised promptly, then

. o treatments can start earlier and possibly help delay more serious
1' early dlagnOSIS complications.
* Many people with Fabry who experience Gl symptoms are incorrect-
ly diagnosed with Crohn’s disease, celiac disease, or irritable bowel

syndrome (IBS).14

People with Fabry have to manage their diets to help improve
Gl symptoms. Some changes may include: 22

* Adjusting meal sizes and patterns towards smallen,
more frequent meals.

* Timing of meals, such as avoiding late night eating.

* Eliminating foods from the diet that are not tolerated such as
spicy, lactose containing or greasy foods.
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3. Treatment

Notes

There is no cure for Fabry disease but current treatments may
prevent organ damage and greatly improve the quality of life of
patients.

Chaperones are small molecules that assist enzymes in becoming
functional by helping them take the correct shape and stay stable.
Chaperone therapy is only suitable for people with amenable mu-
tations of the a-GalL A enzyme. Treatment has shown meaningful
reduction in diarrhoea in patients with Fabry disease and amena-
ble mutations.?®

For people with Fabry, ERT is a long-term therapy whereby the
missing or deficient enzyme is given via an intravenous infusion.
Recent studies looking at improvements of Gl symptoms for
patients on ERT have shown a reduction in abdominal pain and
diarrhoea in femalesi5 and a reduction in albdominal pain or diar-
rhoea from weekly occurrences to only occasionally in males who
had been on ERT for 6-7 months.?*




1Germain DP. Fabry disease. Orphanet J Rare Dis. 2010;5:30.

2Cammanrata G, Fatuzzo P, Rodolico MS, Colomba P,

Sicurella L, lemolo F, et al. High variability of Fabry disease
manifestations in an extended Italian family. Biomed Res Int.
2015;2015:504784.

3Hauser AC, Gessl A, Harm F, Wiesholzer M, Kleinenrt

J, Wallner M, et al. Hormonal profile and fertility in

patients with Anderson-Fabry disease. Int J Clin Pract.
2005;59(9):1025-8.

4Papaxanthos-Roche A, Maillard A, Chansel-Debordeaux L,
Albert M, Patrat C, Lidove O, et al. Semen and male genital
tract characteristics of patients with Fabry disease: the
FERTIFABRY multicentre observational study. Basic Clin
Androl. 2019;29:7.

®Holmes A, Laney D. A Retrospective Survey Studying

the Impact of Fabry Disease on Pregnancy. JIMD
Rep.2015;21:57-63.

¢Muller MJ. Neuropsychiatric and psychosocial aspects of
Fabry disease. In: Mehta A, Beck M, Sundenr-Plassmann G,
editors. Fabry Disease: Perspectives from 5 Years of FOS.
Oxford 20086.

“Bolsover FE, Murphy E, Cipolotti L, Werring DJ, Lachmann
RH. Cognitive dysfunction and depression in Fabry disease:
a systematic review. J Inherit Metab Dis. 2014;37(2):177-87.
8Cole AL, Lee PJ, Hughes DA, Deegan PB, Waldek S,
Lachmann RH. Depression in adults with Fabry disease: a
common and undenr-diagnosed problem. J Inherit Metab Dis.
2007;30(6):943-51.

9Sigmundsdottir L, Tchan MC, Knopman AA, Menzies

GG, Batchelor J, Sillence DO. Cognitive and psychological
functioning in Fabry disease. Arch Clin Neuropsychol.
2014;29(7):642-50.

°Bugescu N, Naylor PE, Hudson K, Aoki CD, Cordova MJ,
Packman W. The Psychosocial Impact of Fabry Disease on
Pediatric Patients. J Pediatr Genet. 2016;5(3):141-9.

i1 ohle M, Hughes D, Milligan A, Richfield L, Reichmann H,
Mehta A, et al. Clinical prodromes of neurodegeneration in
Anderson-Fabry disease. Neurology. 2015;84(14):1454-64.
12 Hoffmann B, Schwarz M, Mehta A, Keshav S. Fabry
Outcome Survey European Investigators. Gastrointestinal
symptoms in 342 patients with Fabry disease: prevalence
and response to enzyme replacement therapy. Clin
Gastroenterol Hepatol. 2007;5(12):1447-53.

13pensabene L, Sestito S, Nicoletti A, Graziano F,
Strisciuglio P, Concolino D. Gastrointestinal Symptoms

of Patients with Fabry Disease. Gastroenterol Res Pract.
2016;2016:9712834.

14Zar-Kessler C, Karaa A, Sims KB, Clarke V, Kuo B.
Understanding the gastrointestinal manifestations of
Fabry disease: promoting prompt diagnosis. Therap Adv
Gastroenterol. 2016;9:626-34.

**Hilz MJ, Arbustini E, Dagna L, Gasbarrini A, Goizet C,
Lacombe D, et al. Non-specific gastrointestinal features:
Could it be Fabry disease? Dig Liver Dis. 2018;50(5):429-437.
¢ politei J, Thurbenrg BL, Wallace E, Warnock D, Serebnrinsky
G, Durand G, et al. Gastrointestinal involvement in Fabry
disease. So important, yet often neglected. Clin Genet.
2016;89(1):5-9.

”Morand O, Johnson J, Walter J, Atkinson L, Kline G, Frey
A, et al. Symptoms and Quiality of Life in Patients with Fabry
Disease: Results from an International Patient Survey. Adv
Thenr. 2019;36(10):2866-2880.

8 Hopkin RY, Bissler J, Banikazemi M, Clarke L, Eng CM,
Germain DP, et al. Charactenrization of Fabry disease in

352 pediatric patients in the Fabry Registry. Pediatr Res.
2008;64(5):550-5.

°Laney DA, Peck DS, Atherton AM, Manwaring LP,
Christensen KM, Shankar SP, et al. Fabry disease in infancy
and early childhood: a systematic literature review. Genet
Med. 2015;17(5):323-30.

2°Chien YH, Lee NC, Chiang SC, Desnick RJ, Hwu WL.

Fabry disease: incidence of the common later-onset
a-galactosidase A IVS4+919G>A mutation in Taiwanese
newborns--superiority of DNA-based to enzyme-based
newborn screening for common mutations. Mol Med.
2012;18(1):780-784.

21 Mehta A, Ricci R, Widmer U, Dehout F, Garcia de Lorenzo A,
Kampmann C, et al. Fabry disease defined: baseline clinical
manifestations of 366 patients in the Fabry Outcome Survey.
Eur J Clin Invest. 2004;34(3):236-242.
22https://www.thinkgenetic.com/diseases/fabry-disease/
symptoms/2100 [accessed 2.9.2020].

28Schiffmann R, Bichet DG, Jovanovic A, Hughes DA,
Giugliani R, Feldt-Rasmussen U, et al. Migalastat improves
diarrhea in patients with Fabry disease: clinical-biomarker
correlations from the phase 3 FACETS trial. Orphanet J
Rare Dis. 2018;13(1):68.

24Banikazemi M, Ullman T, Desnick RJ. Gastrointestinal
manifestations of Fabry disease: clinical response

to enzyme replacement therapy. Mol Genet Metab.
2005;85(4):255-9.



Support groups can be empowering by helping you feel less isolated or learn how to advocate for your condi-

tion. Find more information on Disease on the Fabry International Network website!
FABRYNETWORK.ORG

Why should you join a patient organisation?

* Connect with other patients, caregivers, and
stakeholders, within your region through calls,
webinars, and in-person meetings

* Participate in regional and local events to connect,
learn and address the nation’s leading issues

* Develop relationships with key decision-makers and
opinion leaders

* Share your story to help other patients by raising
awareness

* Receive news and information on what the
organisation is taking action on and participate in
events

* Patient organisations often have access to breaking
news before it is generally known. They have
opportunities to participate in advocacy efforts

What can a patient organisations offer you

Support: Most organisations help people connect with
each othenr. They may provide opponrtunities to meet
in person at yearly conferences, summenr camps, or
local meetings. Whether in person or online, support
from others can empower you to take charge of your
health. Medical Information: Most organisations pro-
vide medical information in easy-to-understand terms
to help you learn more about your medical condition,
available treatment options, and current research.
Information is often on the group’s website, but may
also be available by mail, phone, or e-mail.

Resources: Patient organisations often have a list of
helpful resources, such as related non-profit advo-
cacy groups, financial assistance resources, and
sources for special medical equipment. They may also
be able to give advice on dealing with school or health
insurance issues.

List of doctors or clinics: Many organisations have a
list of medical care professionals and clinics to help
you find specialists with experience in diagnosing on
treating a rare medical condition. They may work
closely with clinical centers, sometimes called Centers
of Excellence, or be involved in the training of special-
ists. Other groups may have a list of doctors recom-
mended by their members. Many groups also have

a medical advisory board made up of expents in the
field. If you can’t find this information on the group’s
website, call or e-mail the group to see if they can pro-
vide you with a list of doctors or clinics.

Registry: A registry is a collection of information
about individuals, usually focused around a specific
diagnosis or medical condition. Many rare disease
registries are maintained by advocacy groups to help
advance medical research for a particular medical
condition. If the group does not have its own disease
registry, it may know of an appropriate registry for
your medical condition.

Research and Clinical Trials: Clinical trials are medi-
cal reseanrch studies in which people panrticipate as
volunteers. These studies may be evaluating new
treatments or medications, searching for the cause(s)
of a medical condition, or researching how the symp-
toms of the condition change over a person’s lifetime.
Whether you are interested in enrolling in a clinical
trial or aim to stay aware of potential new treatments
and advances, you may want to find a non-profit advo-
cacy group that provides information about the latest
medical research. Some groups raise money to offer
grants to medical researchers or pharmaceutical
companies who are developing new treatments. Often
these groups will keep information on their website
about the progress of supponrted reseanrch.

Advocacy: Advocacy for Fabry disease may involve
educating the public or medical community about the
condition. A group may also take issues to local, state
and federal governments in an effort to pass legis-
lation that will improve the lives of those affected by
rare and genetic conditions.



Evaluating a group is not always easy. When you are looking for a patient organisation, you want to make
certain that the group offers helpful and up-to-date information. The mission statement of the group can
help you understand the focus of the group’s activities. Also look at who is involved in running the group.
The group’s staff members may have the medical condition themselves or have an affected family mem-

ber. Other staff members may have a degree in a related field, such as social work, public health, educa-

tion, communication, or medicine.

[@ Click on the link to visit the FIN website to find an overview of our member organisations.

For more information, please reach out to coordinator@fabrynetwork.org

Fabry International Network is an international non profit organization. The primary aim of Fabry Intenr-
national Network is to facilitate collaboration between patient organisations to support those affected by
Fabry disease. FIN is connected to over 52 countries and 64 patient associations around the wonrld. Mem-
bership is free and open to any national patient organisation in which Fabry patients are represented.

FIN’s vision is of a world where every single person affected by Fabry disease has the best quality of life

possible through early diagnosis, treatment and cure.

Disclaimer of Medical Advice:

You understand and acknowledge that all readers of this information are responsible for
their own medical care, treatment, and oversight. All of the content provided including
text, treatments, dosages, outcomes, charts, profiles, graphics, photographs, images,
advice, are for informational purposes only and DOES NOT CONSTITUTE THE PROVIDING
OF MEDICAL ADVICE and is not intended to be a substitute for independent professional
medical judgment, advice, diagnosis, or treatment.

The content is not intended to establish a standard of care to be followed. You understand
and acknowledge that you should always seek the advice of your physician or other
qualified health provider with any questions or concerns you may have regarding your
health. You also understand and acknowledge that you should never disregard or delay

seeking medical advice relating to treatment or standard of care because of information
contained in or transmitted.

Medical information changes constantly. Therefore the information should not be
considered current, complete or exhaustive, nor should you rely on such information
to recommend a course of treatment for you or any other individual. Reliance on any
information provided on this website or any linked websites is solely at your own risk.

FIN does not recommend or endorse any specific tests, products, procedures, opinions
or other information that may be provided on the linked websites. The linked websites may
contain text, graphics, images or information that you find offensive. FIN, its licencors and
its suppliers have no control over and accept no responsibility for such matenrials.

FABRYNETWORK.ORG



