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What is PKU?

What are the symptoms and treatment for PKU?

With newborn screening being widely used for PKU, infants are diagnosed early and symp-
toms are prevented with early, life-long treatment. When PKU is untreated, however, blood

Phe levels can become elevated. A high level of
blood Phe is toxic to the brain, the following symp-
toms can occur when untreated or treated too late:

¢ Mental retardation
* Seizures
¢ Eczema (skin rash)®

PKU is treated with a low Phe diet that includes
medical formula and foods specially formulated

to be low in Phe and provide essential nutrients
needed for growth and development®. Some patients
with PKU are treated with a combination of diet

and a medication (Kuvan®, sapropterin, sapropterin
dihydrochloride) which lowers the blood Phe level.
A small fraction of patients are treated with medica-
tion alone.

Regular visits to the PKU clinic are part of the treat-
ment program. Phe levels are checked by performing
regular blood tests and treatment is adjusted if neces-
sary to keep Phe levels in the safe range (see chapter
2 for more details on treatment of PKU).

Key Points about PKU

* PKU is a genetic condition that is
not contagious.

e Apart from needing a special diet, a
person with PKU is healthy.

e A person with PKU can not
break down an amino acid called
phenylalanine (Phe), found in all
foods containing protein.

e Phe can build up in the blood and
damage the developing brain.

e Staying on a low protein diet
keeps Phe levels in a safe range,
allowing for normal development
and a healthy life.

e Eating the wrong foods will
not make a person with PKU sick
right away, but will cause problems
over the long-term.

e Having food that is not part of the
diet should not be considered a
'treat' as it will have implications
for an individual with PKU.

* A person with PKU will not
outgrow it and must stay on the

diet for life.

N

J

~

3 Mitchell, J.J., Scriver, C.R., Phenylalanine Hydroxylase Deficiency In: GeneReviews [Internet|. Seattle (WA):
University of Washington, Seattle; 1993-2000 Jan 10 [updated 2010 May 04].
5 Mitchell, J.J., Scriver, C.R., Phenylalanine Hydroxylase Deficiency In: GeneReviews [Internet]. Seattle (WA):
University of Washington, Seattle; 1993-2000 Jan 10 [updated 2010 May 04].
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What is PKU?

The Genetics of PKU

~

Genes are present in every cell in our body. They /What are the chances of inheriting
provide the “blueprint” for each characteristic or trait | pgy»
that we possess, such as eye and hair color, height, and Children born with PKU have inher-

gender. Genes also provide the instructions to make ited a defective PKU-related gene
enzymes for metabolism. Children inherit two sets of from each parent. Around 1in 50 or
genes, one from each parent. Not every gene always 60 of us has a defective PKU gene
works properly. yetonly 1in 15,000 Americans inherit

two defective genes and has PKU. Boys
The pattern of PKU inheritance is recessive. A reces- and girls have an equal chance

sively inherited condition typically affects males and of inheriting PKU.

females equally. For a recessive disorder to happen,a \ J
child must inherit one copy of a disease-causing gene

from each parent. When this occurs, the child gets a

double dose of the disease-causing gene and no normal copy of the gene.

Image of two unaffected carriers and the
probability of their child inheriting PKU.

For a child to inherit PKU, both
parents must be a carrier of the PKU
gene. Each parent is called a “car-
A rier” because he or she silently carries
LLJ T one copy of the disease-causing gene
| paired with a normal copy of the same
® gene. Carriers will not experience any
noticeable symptoms. A parent who
is a carrier for PKU produces either
— . Carir ot a normal gene or a PKU gene in each
o5 s o5 egg or sperm. If both parents are carri-
ers, a child must inherit one copy of
S the PKU-causing gene from each par-
ent to have PKU.

Unaffected Individual

Ilustration from Genetic Counseling Aids 5th Edition,
Copyright 2007, permission for use granted by Greenwood
Genetic Center

A baby conceived by two carriers of PKU has a:
° 25% chance of having PKU (inheriting two defective genes)
° 50% chance of being a carrier, who will not have any symptoms of PKU (inheriting
one PKU gene and one normal gene)
° 25% chance of inheriting two normal genes

There is a 25 percent chance that another child born to the same parents will also have
PKU. Individuals with PKU can have children that do not have PKU if their partner is
unaffected. However, their children will be carriers. For more information about PKU
patients and pregnancy, see the “Pregnancy” section of this handbook.

12



What is PKU?

Image of two people with PKU  Image of one person with Image of one person with PKU
and the probability of their PKU and one carrier and the and one non-PKU/non-carrier
child inheriting PKU. probability of their child and the probability of their
inheriting PKU. child inheriting PKU.
Autosomal Recessive Segregation, Both Parents Affected Autosomal Recessive Segregation, One Parent Carrier/One Parent Affected Autosomal Recessive Segregation, One Parent Affected
Fyr— R
o o i o ° )

' ‘ i i \ T ‘

vill e affected
100%

L
50% Carer 50% Affcted 005 e

37 SINGLE GENE INHERTANCE 36 SINGLE GENE INHERITANCE 35 SINGLE GENE INHERTTANCE

Hlustration from Genetic Counseling Aids 5th Edition, Copyright 2007, permission for use granted by
Greenwood Genetic Center

PKU Non-PKU, non-PKU carrier | 100% chance of being a
carrier of PKU

PKU Carrier 50% chance of having PKU
50% chance of being a carrier

PKU PKU 100% chance of being
affected with PKU

Parents may be concerned about whether they should have more children. Having more
children after having a child with PKU is an individual decision for each family; however,
because PKU can be successfully managed, many parents feel there is no reason not to have
more children’.

’Mitchell, J.J., Scriver, C.R., Phenylalanine Hydroxylase Deficiency In: GeneReviews [Internet]. Seattle (WA): University of
Washington, Seattle; 1993-2000 Jan 10 [updated 2010 May 04].
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Chapter 2: Treatment and Diet Overview

The PKU Clinic Team

The phenylketonuria (PKU) clinic team consists of a group of healthcare professionals
trained to support individuals with PKU. You will see them on your regular clinic visits.
These visits are extremely important to monitor your PKU and to adjust your diet if
required.

* The physician oversees PKU treatment which includes monitoring Phe levels and
other labs, growth and developmental progress, prescribing medication such as Kuvan
and monitoring routine childhood medical concerns.

° The registered dietitian works closely with you to plan nutritious dietary choices with
formula and low protein foods as well as to monitor blood Phe levels and growth.

* The genetic counselor provides education regarding the genetics of PKU and assists
the physician with monitoring PKU treatment. Some clinics also have nurses to assist
the physician with monitoring PKU treatment.

* The social worker organizes group and individual discussion sessions with patients
and parents to support those affected by PKU.

e Some clinics have a psychologist that performs neurological and psychometric
assessments at certain ages to ensure children with PKU are developing at an
appropriate rate.

Diet Essentials
Formula: Defining Medical Foods

For people with PKU, medical food is vital to treat PKU and ensure good health. Medical
foods include medical formula and foods modified to be low in protein. Because protein in-
take is restricted, medical formula provides all the essential amino acids found in protein ex-
cept for Phe. It also provides tyrosine, vitamins, minerals and trace elements that most people
who do not have PKU would get from their diet.

Your PKU clinic physician will provide a prescription for medical foods. Taking the
prescribed amount of medical formula each day is
essential. Low protein medical formulas are made to

suit the nutritional needs of people with PKU at dif- Why is the PKU diet different for
ferent ages, and are available in a variety of forms and different people?
flavors to suit different lifestyles and preferences. Your | The amount of Phe needed and
dietitian will assess your nutritional needs and provide | tolerated by each person with PKU
a recommended formula to meet these. can be different depending on the
severity of their PKU. Your PKU dieti-
Medical formula helps to: tian will help you create a specialized
* give energy throughout the day diet based on your need. In addition,
° build muscle your PKU team will adjust your diet
¢ increase strength according to your blood Phe levels,
° maintain brain function and analytical thinking which means that your prescribed
° keep your Phe levels in control and keep you diet may vary from time to time.
healthy. - /

14



Treatment and Diet Overview

Foods modified to be low in protein are defined as manufactured products that will deliver
no more than one gram of protein per serving. Low protein food products supply needed
additional calories without supplying additional phenylalanine containing protein. This
helps prevent catabolism (the breakdown of protein in the body ie muscle) which in itself
can cause Phe levels to rise. Use of low-protein products, especially when used consistently,
greatly improves adherence to the treatment.

="

a

)

Types of medical foods:

The Drink: Formula in the form of a powdered drink mix. This is the traditional and
most common type of PKU formula.

The Low Fat Formula: A reduced fat version of the traditional formula for adults.

The Bar: Convenient PKU medical food in the form of a bar that can be eaten on
the go.

The Fortifier: Concentrated amino acid formulas that can be added to any low protein
food or beverage you already enjoy. It can also be added to traditional formula to
increase the protein content without added volume.

The Tablet: You can supplement your diet with liquid formula or take multiple tablets
daily to meet your formula needs. Just remember to meet your daily fluid requirements
to ward off dehydration®.

Ready to Drink: These convenient formulas are prepared in advance, ready for you to
drink wherever you are. These prepared drinks have the protein you need with the
essential amino acids and nutrients you're used to getting from your formulas.

You can find a variety of flavors, and some are even freezable for hot days when you
need a cool alternative for your formula needs.

Glycomacropeptide (GMP) foods: GMP is used to make formulas (including some

ready-to-drink formulas) as well as some PKU-friendly food. This
whey-based protein is produced when making cheese. It

is the only known dietary protein that K :M
| Phenex-2

1" ino Acig-Modified
| :d\ca\ Food
Mg

contains a minimal amount of Phe.
GMP foods have also been found to
significantly lower Phe levels in
blood®. Foods made with GMP provide
an alternative to the amino acid
medical foods currently required in the PKU diet.

8 Maltzman, S, : My PKU Toolkit A Transition Guide to Adult PKU Management. New Jersey:

Applied Nutrition Corp. 2007:9

9 van Calcar, S.C, MacLeod, E.L., Gleason, S.T., Etzel, M.R., Clayton, M.K., Wolff, J.A., and Ney, D.M., Improved nutritional
management of phenylketonuria by using a diet containing glycomacropeptide compared with amino acids A Journal of
Clin Nutrition 2009;89:1068-77
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Treatment and Diet Overview

The Low-Protein Diet

People with PKU get most of the protein they need from medical formula, the backbone of
the PKU diet. The remaining protein — which includes the essential amount of Phe the body
needs for growth and functioning — comes from food. The PKU diet consists of low protein
foods such as:

¢ Fruits

* Vegetables

* Foods modified to be low in protein, including low-protein pasta, rice and breads

° Fats and sugar

Foods such as red meat, chicken, fish, eggs,
‘others’ milk, yogurt, cheese, nuts, soybeans and
beans are too high in protein to include in a
PKU diet, except when the dietary restriction
required is minimal. Foods such as regular

Grains B Grains pasta, bread, rice and starchy vegetables (po-
B G% servings tatoes, peas, corn etc) will likely be limited

in your diet as well. Your dietitian will in-
struct you as to which foods and how much
you or your child can eat.

Low Protein | Regular

Fruit
34

_ By
servings @C} (5 gi " Even low protein foods cannot be eaten
| 50 ®@

Vegetables
2-3

in unlimited quantities. All foods must be

Vour Milk measured to make sure that Phe intake stays
s ﬁ ﬁ % within the daily limit.
servings

Formula It is helpful to incorporate the PKU diet into

the family meal. This can be done by basing
your child’s PKU meal on the vegetables or
grains the rest of the family will be eating. For example, if your family is having pasta with
meat sauce for dinner, you can prepare low protein pasta with tomato sauce for you or your
child with PKU.

Counting Phe/Protein ) i
What is a food reference guide?
One study shows that the more mothers know about A food refer ence guide shows how
counting Phe, the better their child’s dietary compli- | Much protein and Phe common
ance is based on the child’s blood Phe levels™. It is foods contain, which helpsyouflgj
important for all individuals with PKU to count the ure out and pla.n how much protein
protein in foods for meal planning and tracking Phe and phe you will eat at each m'eal
intake. There are many different ways and styles to or snack. It also lists free foods,
keep track of Phe in food. Your dietitian will counsel ie.ft O?ds th‘?t contain little or no
you on the system the clinic uses and which method protein, which _do_ ’?Ot need to be
may work best for you. They will also inform you on | counted. The dietitian at your PKU
how much protein, Phe, or exchanges is needed each clinic may give you a reference guide

day and provide you with a food reference guide. G”d help you use it Y,
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Treatment and Diet Overview

The most accurate way to measure serving sizes is to use a food scale.

How to measure formula or food using a scale
1. Make sure the scale is on a level surface.

2. Turn on the scale. The scale should read “0 g” which means that the scale is

“zeroed”. If it reads something other than “0 g”, push the “On/Off
Zero” button once and the scale should read “0 g”.

3. When the scale reads “0 g”, place the container to measure the
powder or food on the scale. Once it has read the weight press the

“On/Off Zero” button to zero the scale.
The screen should read “0 g” again.

4. You can then start adding the food or formula powder to measure
the grams needed. Repeat the above instructions each time you need

to measure formula or food.

You can also measure formula and foods using measuring cups, although
this method is not as accurate as using a scale. Your food reference guide

lists both gram weights and cup measurements for many common foods.

This section provides three methods for keeping track of Phe. The common factor between
each method is to know your portion size and measure what you eat''.

Method 1: Counting Milligrams (mg) of Phe

Counting milligrams is the most accurate method of keeping track of how much Phe is con-
sumed. When using this method to keep track of Phe, it is helpful to have a food reference
guide that tells you how much Phe is contained in the food and beverages being consumed
(see the Chapter 15 Resources for recommended food reference guides). If the food you are
preparing is in the reference guide with the amount that you plan on serving, you just need
to record the amount listed in the guide. It is also important to pay attention to the brand
name of the product. Different brands of a similar item may not have the same amount of

Phe due to the ingredients and amounts used.
Measuring using weight

You will need your kitchen scale and a calculator.

1. Weigh the food you are going to serve.

2. Multiple the gram weight of the food by the
number in the “Mg Phe/Gm Food” for that
food in the reference guide.

For example, if you are serving 9 grams of a particu-
lar cereal, find the amount of Phe in 1 gram from the
“mg Phe/gm food” column in your reference guide.
If the amount is 3.5 mg Phe/gm of food, you would
have:

9 grams of this cereal x 3.5 = 31.5 grams of Phe

qow do | convert grams of protein
into milligrams of Phe?

To convert grams of protein into
milligrams of PHE, always multiply the
number of grams by 50. So, for
example, if a serving size has 1.5 grams
of protein, you can do the

following calculation:

1.5g protein x 50 = 75mg Phe
Use a calculator, if you need to, to
make sure you are getting an

dccurate count every time.

- J

10 H. Gokmen Ozel, H., Kucukkasap, T.,Koksal, G., Kalkanoglu Sivri, H.S., Dursun, A., Tokatli, A., Coskun, T., Does maternal
knowledge impact blood phenylalanine concentration in Turkish children with phenylketonuria? JIMD Short Report #111

(2008)

11 Maltzman, S, : My PKU Toolkit A Transition Guide to Adult PKU Management. New Jersey:

Applied Nutrition Corp. 2007:15
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Measuring portions

To measure portions using measuring cups or spoons, you will need the cups or spoons and
a calculator. This may be slightly more difficult than using weight.

1. First, you will need to convert any fractions to decimals. To do this, divide the
number on the top of the fraction by the number on the bottom. For example, for 4,
1+4=0.25.0r3%is 3 +4=0.75.

2. Divide the portion size of the serving you are using by the number you will find in the
“Measurement” section of your food reference guide.

3. Multiple this number by the number in “Phe mg” column of your food reference
guide. This will give you the amount of Phe in the serving you are using.

For example, you want to serve % cup of a particular cereal, but the cereal is listed using 34
cup.

1.1+2 = 0.5 is your serving. 3+4 = 0.75 is the serving size listed.

2. Divide your serving by the serving listed. 0.5 + 0.75 = 0.66

3. Multiply 0.66 by the number in the “Phe mg” from the food reference guide.
If it is 45 mg Phe, it would be:

0.66 x 45 = 30 mg Phe

If you are unable to obtain the amount of Phe in a food or beverage, it is possible to estimate
how much Phe it contains by the serving size and nutrition information on a food label (see
example of a food label below). Commit to memory that 1 gram of protein contains about 50
milligrams of Phe. If you multiply the number of grams of protein by 50 you can get a rough
estimate of how much Phe is contained in that food or beverage!'?. Remember, this is only
an estimate and is not as exact for calculating Phe content. Sometimes food manufacturing
companies may be able to give you additional nutrition information or call your dietitian to
see if they are able to find more information on a particular food.

1 gram of protein = 50 mg Phe
For example, if the food has 4 grams of protein, multiply it by 50 to get 200 milligrams Phe.

4 g of protein X 50 (number of mg Phe in each g of protein) = 200 mg Phe

2Maltzman, S, : My PKU Toolkit A Transition Guide to Adult PKU Management. New Jersey:
Applied Nutrition Corp. 2007:17
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Method 2: Counting Exchanges of Phe

Keeping track of Phe intake by counting exchanges was developed to help make the process
of calculating your intake easier. Phe exchanges are values assigned to a food item for easy
reference. Exchanges can be found in most food reference guides!® and make use of decimals
rather than percentages to make calculations easier. Counting exchanges is not as detailed
and accurate as counting Phe by milligrams, but counting by exchanges is based on:

1 g protein = 50 mg Phe
1 exchange = 15 mg Phe
1 g protein = 3.5 exchanges

If you are using the same measurement as in the book you are using, it is easy to just record
the number of exchanges listed. If you are not using the same amount, you will need to
measure the milligrams of Phe using method 1. For example, if you measure the food and
determine that there is 45 mgs of Phe, you would divide 45 mgs of Phe by 15 (the milligrams
of Phe in 1 exchange) to determine that the food you are preparing has 3 exchanges.

If you know that you or your child can have 20 exchanges of Phe per day, that means you or
your child can have 300 mgs of Phe per day. Rather than counting to 300 every day, you just
have to get to 20!

Method 3: Counting Grams (g) of Protein'*

Counting grams of protein is generally used for people with a higher Phe and protein toler-
ance. A “Nutrition Facts” label is required for most packaged foods in the United States. For
people with PKU, the most important nutrition facts
listed. are serving size (by grams or pie.ces)_and TOMATO SOUP
protein (grams) based on the serving size listed. -
Before eating any packaged food, check the Nutrition | Nutr ’t{O” Facts

Facts label to see how much protein is in each serving, | Sefv.Size: 1/2cup (120ml)
and weigh or count out your serving to make sure that Condensed soup

you are only eating the amount of protein you have Servings about 2.5

planned for that snack or meal. Calories 9o Dietary Fiber 1g
Fat Calories o Sugars 12g

While this may not be the most accurate way to keep | Total Fat og Protein 2g

track of the amount of Phe you consume, counting Sat. Fat og Potassium 69omg
Trans Fat og

grams of protein might be the easiest way for you to

Y Polyunsat. Fat og % Daily Values™*
become accustomed to a low protein diet. Monounsat. Fatog  Vitamin A 8%
. , Cholesterol omg Vitamin C 10%
Be aware that Nutrition Facts labels aren’t always exact. | sogjum 480mg Calcium 0%
Due to the food labeling laws, items that say, “Protein | Total Carb. 209 Iron 4%

0g” may actually contain up to 0.49 grams of protein
per serving. If a label says that one serving of a given food item has 1 gram of protein, it can
have anywhere from 0.50 to 1.49 grams of protein. If you do not have a PKU food list or if
it is a new product and the label says “Protein 0g”, it is best to assume that it has % gram of
protein®. You can also add 0.50g to any rounded number to come up with the maximum
grams of protein in each serving.

13 Maltzman, S, : My PKU Toolkit A Transition Guide to Adult PKU Management. New Jersey:
Applied Nutrition Corp. 2007:18

“Maltzman, S, : My PKU Toolkit A Transition Guide to Adult PKU Management. New Jersey:
Applied Nutrition Corp. 2007:15-16
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Filling Out a Diet Record

Keeping a diet record, or food log, helps you track the amount of Phe being consumed each
day so that Phe intake stays within the daily limit. (A blank diet record can be found in the
resources in Chapter 14). Tracking intake of food, drinks and formula will help you maintain
the PKU diet and help your dietitian determine how to adjust you or your child’s diet when
necessary. Your PKU team will typically ask for a diet record when you send in a blood Phe
sample.

You will need to keep track of the information below. It may be helpful to add up the Phe
as you go so you can see the total that has been consumed so far for that day. This will help
you figure out how much more Phe can still be eaten that day to stay within the limit

° Date/Time: Record Date and time the food/drink was consumed.

* Food or Liquid Consumed: Record the name of the food or liquid (including formula)
and be specific as possible (apple vs. fruit, include brand names if possible).

° Measured Amount Eaten: Record specific measurements like grams, tablespoons, tea
spoons, cups. If a few bites were eaten, record as “3 bites”. The amount is just as
important as the type of food eaten.

* Milligrams of Phe: Look up the amount of Phe in your food reference guide and
record the amount of Phe that is accurate to the amount of the food eaten.

° Grams of Protein and Calories: This is to record the amount of protein and calories
that are in foods. This is to be recorded if this information is available.

° Daily Totals: Record the total Phe, Protein and Calories (when available) consumed
that day.

MEASURED MGS GRAMS

DATE/TIME | FOOD OR LIQUID OFFERED | AMOUNT EATEN | PHE | PROTEIN | CALORIES
spha/i_ () Trix cereal 20grams| 4k
heney 2. Socn —
Del-Monik diced pears \contziner (34) T
(ap) Ever-Grice sfzueh lslice s
OFCCCA
soundich-mek cheese.  Islice. | 24
uter | Talolesl [
lay's ch‘bd‘od«u p To= a3
apple (mediuwm) 1 11
(2en)  Phoney 2_ Sounces] —

(tepm) Aproten Gusili) lou,f)fdm) K]
udtemavinara | Y4 cup’ [ =20

Ice/‘a(-uji (p;l‘h,Lq/ Lew =

THalizin dress ng Zﬁhla's;;zv =

Phonoy 2. Bouncg | —
2477 p

®Maltzman, S, : My PKU Toolkit A Transition Guide to Adult PKU Management.
New Jersey : Applied Nutrition Corp. 2007:16

20




Treatment and Diet Overview

Diet and Treatment During Illness

Illness such as high fevers and stomach distress, surgery, and injuries such as bone fractures
will affect Phe levels. The most important steps when this happens are:
1. Treat your or your child’s illness like you normally would.
2. Formula should be continued as tolerated.
3. Continue the diet if you or your child are able to tolerate food.
4. Stay in contact with your PKU team if you have questions about the diet as it
may need to be adjusted during illness.

When a person is sick, energy needs increase and the person may not take in enough calo-
ries. When this happens, the body dips into muscles for nutrients, which is called being
“catabolic.” Your muscles are made up of protein, therefore they contain Phe. When you
are catabolic, you break down muscle which releases Phe into your blood, causing your Phe
levels to go up. This is why it is important for a person with PKU to continue to consume
formula on a daily basis at regular intervals. The nutrition provided by formula will help
give you or your child the energy to fight off illness and disease. It is also important to stay
hydrated and consume enough calories while sick.

Frequency of Phe monitoring may also need to increase during times of illness to ensure Phe
levels are not too high or too low. Call your PKU team with any questions about Phe levels

when sick.

Other Treatment Options for PKU

KUVAN®

KUVAN (sapropterin, sapropterin dihydrochloride) is an FDA-
approved medication that is used as a treatment method for
patients with PKU who respond to sapropterin. KUVAN works
by helping the phenylalanine hydroxylase (PAH) enzyme
work more effectively to break down Phe in the body.

i
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How KUVAN Works

KUVAN is the pharmaceutical form of a naturally occurring substance in the body called
BH4. BH4 is a cofactor, or helper, of the PAH enzyme; it aids the PAH enzyme in the break-
down of Phe. As a medication, KUVAN supplies more BH4 to the body, which helps the
PAH enzyme break down more Phe and lower Phe levels. KUVAN is not a cure, but a treat-
ment method that, when combined with diet, can help keep Phe levels under better control.
Determining Responsiveness to KUVAN

Maltzman, S, : My PKU Toolkit A Transition Guide to Adult PKU Management. New Jersey:
Applied Nutrition Corp. 200748-49
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While KUVAN works for many, not every
KUVAN works like natural BH4 person with PKU is responsive to this
form of treatment. This means KUVAN
may not lower Phe levels for some people
with PKU. When first starting KUVAN,
there is a trial phase to determine respon-
siveness; this can last two to four weeks.
The trial phase requires more frequent
blood sampling, a record of dietary
intake, and taking KUVAN consistently
every day.

When determining whether an individual
responds to KUVAN, there are a few
criteria that are used, along with a physi-
cian’s clinical judgment. These include

a significant decrease in Phe levels; an
increase in Phe tolerance; and or changes
in behavior or mood.

Pharmaceutical BH4
(KUVAN)

There is no age limit for using KUVAN in the United States. Research has shown that KU-
VAN reduces Phe levels in KUVAN-responsive patients from infancy through to adulthood
(Burton BK, 2011, Mar). The most common side effects of KUVAN are headache, diarrhea,
nausea, and abdominal pain. These listed side effects are mild and will usually resolve after
a short time.

Starting KUVAN
Ask your PKU team if you or your child would like to start KUVAN. See Chapter 14
Resources for more information about beginning KUVAN responsiveness trials.

Large Neutral Amino Acids (LNAA)

Large Neutral Amino Acids (LNAA) are a treatment option that is mostly used for adults
who have difficulty in maintaining the recommended Phe levels. LNAA are considered a
medical food product, and come in a powder or pill form containing certain essential amino
acids (not including Phe) referred to as large neutral amino acids. LNAA mixtures contain
amino acids similar to those that are found in PKU formulas, but in more concentrated
amounts.

How LNAA Works

When a person with PKU consumes protein-rich foods, his or her body cannot break down
most of the Phe. As a result, the bloodstream is flooded with excess Phe that is carried to the
brain by “transporter cells.”

LNAA pills or powder have high concentrations of specific amino acids that compete with
Phe to latch on to the transporter cells. LNAA are taken with food so that the amino acids
are digested along with consumed proteins and enter the bloodstream at the same time as
Phe from foods. As LNAA flood the bloodstream with a large number of “safe” amino acids,
more of these non-harmful nutrients enter the brain, blocking much of the Phe from being
transported into the brain. This process reduces the amount of Phe transported to the brain,
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Phenylananine helping reduce the neurocognitive
Phenylananine effects of high blood Phe levels.
The purpose of LNAA is to de-
crease Phe levels in the brain;
patients may not necessarily see
a decrease in blood Phe levels, al-
though some do. LNAA are used in
treating patients that are struggling
with the PKU diet or are off diet.
LNAA must be taken with each
meal and protein-containing snack.

Future of PKU Research and Treat-
Blood Brain Barrier ment

Phenylananine

/

Phenylananine

Phenylananine

Phenylananine

\

Phenylananine

Phenylananine Future of PKU Research and
LNAA Treatment

Over the last five years, there have
been many great strides to improve
treatment for PKU. Below is a brief
synopsis of work being done by
leading researchers to improve
PKU treatment options.

Phenylananine

/

LNAA
LNAA

\

Phenylananine

LNAA

LNAA

Phenylananine Blood Brain Barrier

Enzyme Substitution

Researchers discovered an alternate enzyme phenylalanine ammonia lyase or ‘PAL’ found
in plants and bacteria that can break down Phe. On its own, this enzyme is destroyed very
quickly in the body. To work, a protector (PEG), or “coater” needs to be placed around

PAL to slow down the speed with which it breaks down in the body and to protect it from
the body’s immune response. The result is PEG-PAL, an injectable medicine that has been
shown to lower Phe levels in PKU mice. The first study of PEG-PAL in human patients with
PKU began in 2008, and hopes to show a decrease in Phe levels in PKU patients. Successful
Phase 1 results were reported in June 2009.

Gene and Cell Therapy

Gene therapy is an ideal treatment for PKU because it would provide functional PAH en-
zyme in the liver cells which could break down Phe. Unfortunately, the challenge in gene
therapy has been the body’s immune response, which mounts an attack on the transferred
enzymes, like it would attack a virus. While gene therapy has worked in curing PKU in
mice, immunosuppressant medications have also been needed to maintain the correction.
Some new techniques have shown promise though, to cause less immune response and
maintain a longer correction and be safer.
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Therapeutic Liver Repopulation

Since liver cells in PKU patients are deficient in phenylalanine hydroxylase (PAH), thera-
peutic liver repopulation aims to replace the cells that are deficient in PAH (PAH negative
cells) with cells that are not PAH-deficient (PAH positive cells). PAH positive cells would
then restore function of the liver, curing PKU.

One of the challenges of liver repopulation is that the cells that have PAH do not grow any
faster than the cells that do not have PAH. In order for this therapy to work, a method needs
to be developed to make the cells with PAH grow faster. If this happens, it may be possible
to increase the level of Phe breakdown to normal for individuals with PKU"".

Special Considerations

Aspartame

“Phenylketonurics: Contains Phenylalanine” means this is likely a product a person with
PKU cannot eat or drink.

People with PKU in general should not eat or drink any food or beverages containing as-
partame. Aspartame is an artificial sweetener that contains Phe; it is commonly known as
NutraSweet™ and is found in diet sodas and some reduced-sugar foods and beverages. A
warning for people with PKU is listed on products that contain aspartame, but you must
look carefully as the warning is often printed in small type. Some sugarless gums contain
aspartame in small amounts. Based on the small amount of Phe in these products some
individuals are able to include this in their diet (See chapter 10 for more details on sugarless
gum).

Medications

Sweeteners such as aspartame and aspartame-acesulphame are used in some medications,
especially for children. Ask your pharmacist to make sure that medications prescribed for
your child do not contain these sweeteners. In some situations it is not possible to pre-
scribe an alternative. If you have been prescribed a medication with added aspartame or
aspartame-acesulphame, you should call your pharmacist to find out how much Phe is in
the medication. The amount of Phe in the medication should be counted in the daily Phe
intake. Contact your PKU team if you have questions about blood testing and diet adjust-
ments.

Other medications, including capsules made of gelatin, can be a source of Phe. When buy-
ing over-the-counter medications or picking up a prescription, always check labels or ask a
pharmacist if the product contains aspartame, aspartame-acesulphame or gelatin.

Exercise

Regular physical activity is an important part of a healthy lifestyle. PKU does not limit the
ability to participate in exercise or sports. Regular exercise may even improve the ability

7 Harding, C.O., Gibson, K.M., Therapeutic liver repopulation for phenylketonuria. J Inherit Metab Dis. 2010 Dec;33(6):681-
7. Epub 2010 May 22.
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to tolerate Phe. During exercise, you can drink extra formula to keep yourself hydrated and
maintain your energy level. After exercise, your body needs fluids, carbohydrate and protein
to recover. Drink plenty of fluids, especially water, and eat some foods with carbohydrates,
like low protein bread or pasta.

People with PKU should not consume any protein powders or supplements that promise
muscle or weight gain. These supplements contain high levels of protein and will increase
your blood Phe levels. Your formula acts as a “protein shake”. If you feel you may need
more protein your diet, ask your dietitian to see if adjustments to your formula need to be
made.

Dental Care

People with PKU may be more likely to have some tooth decay and dental erosion (when
strong acids in food break down the outer layer of teeth) because their diets are more likely
to include sugary foods and acidic drinks. As children with PKU do not get much protein
from foods, they eat more carbohydrates and fats to
give them energy and may snack more often through-
out the day. In addition, medical formulas are acidic To help prevent dental problems, you
and sweetened, which means that sweet and acidic |°ryour child can:

foods are coming in frequent contact with a * Take a sip of water to rinse the
child’s teeth. mouth after drinking medical

formula.

e Offer water instead of juice
throughout the day.

e Use a toothpaste containing
fluoride.

* Brush teeth twice each day;
especially as the last thing before
bed at night (avoid snacks or drinks ..
after brushing).

e Schedule regular check-ups with
a dentist from an early age, and
let the dentist know about you or

our child's PKU.

\y
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Diagnosis to 2 Years

PKU so it must be combined with Phe-free PKU formula. You can work with your dietitian to
decide whether you will pump and measure the breast milk or put the baby to the breast. If
you choose not to use breast milk, standard infant formula is the appropriate substitute to pro-

vide Phe in the baby’s diet. _

At this age, your child will need you to manage his or her diet, as do all infants.. From
infancy to two years of age, parents are generally able to maintain their child’s PKU diet
without much resistance. Your PKU team will prescribe the right medical formula that,
in combination with the breast milk or infant formula, provides the proper nutrition for

your child. The amount of medical formula and breast milk or standard i nfant formula
will need to be adjusted from time to time to provide the right amount of Phe to meet your
child’s needs and keep blood levels in the safe range. Keeping a diet record of the amount
of formula and breast milk your child consumes will be helpful to accurately monitor his or

her Phe intake. Your child’s dietitian and PKU team will w _ork with you to determine how
much breast milk or infant formula and medical formula you should provide.

| Meadjohnson*
F r e @
Phenex“—! 4 PHENYL:

o Agid-Modified
| selcal Food With Iron
F:"WANINE—FREE

i W lers
ith """Mm z(:; mm and todd

FREE

PHENYLALANINE-FREE
DIET POWDER

Iron Fortified
For Infants and Toddlers

Q
with Phenylketonuria \
)
11B (454 g)
- A

]

INFANT
TODDLER

Mixing Medical Formula

Medical formula, breast milk, or infant formula are
the only foods your child needs until around six /Will my baby still need medical N\
months of age — any extras, even water, can make .
. . . formula once we start solids?
your child less interested in the formulas or breast . .

. . . . The medical formula will always be
milk that he or she needs. This is especially impor- needed. The recive. amount and tvpe
tant for a child with PKU, as it is critical that he or of me d;'ca | form,: /;J will ,:han . a)s/ P
she drinks the prescribed amount of medical formula g

and standard infant formula or breast milk each day your child g ets' older. Your PKU team
. will help you figure out when these

to maintain safe Phe levels.

changes need to be made.

)

One of the most important ways for you to make sure
that your child is getting the nutrition necessary is to measure the medical formula accu-
rately using a gram scale or proper measuring utensils (see Chapter 2 for more information
on how to measure medical formula).
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Ages 7 to 12 Years

themselves. In addition, children with PKU don’t feel ™\

different or unhealthy, so they may question the need

to stick to their diet or treatment as they don’t “see”
the effects of their PKU. people need glasses, some people are

able to do the things he or she wants to do. Talking \_ J
about your child’s goals — whether it is playing soccer

A Parent's Perspective
"l used to tell my daughter, some

short, others are tall and you have
It is important for PKU. You have to accept it and make

parents to reinforce to it part of your life but having PKU is

their child that heor \ not your whole life." J
she is healthy because
of following the treat-
ment plan. By sticking
to the diet, formula
and treatment, he or
she will grow and be

A Parent's Perspective
"I pre-measure cereal, crackers,
cookies, grapes, whatever, so that my
child can make independent
decisions about snacks."

in the spring or finishing a project for a class — may
help your child see how diet and treatment is essential to achieving those goals.

Some suggestions for ways to help your child adhere to diet include:

Exploring new formula options if formula in take becomes an issue.

Having them more involved in the process of formula preparation. i.e. becoming more
comfortable with using a gram scale and/or measuring utensils with parental
supervision.

Having your child bring formula to school in colored sports bottles or pre-made drink
packs if available. This may help minimize interest or questions from other kids.
Involving your child in meal planning and preparation. If she has some control over
difficult aspects of her treatment, it becomes a shared responsibility and she will be
more likely to stick to it.

Letting your child choose her snacks or help you pack her lunch so that she has some
control over what she is eating during the day.

Keeping PKU meals similar to family meals so that your child feels a part of and
included in the foods her family eats.

Keeping low protein treats at school with your child’s teachers so that your child has
something to eat while others are celebrating a birthday or other event.

Making sure that the child is comfortable asking for their low protein foods so that
they do not get into the habit of sneaking foods.

Including the child in Phe tracking/counting throughout the day and having them
write foods in their diet records.

Making sure that the child is aware of the importance of keeping their Phe intake
within goal.

Role playing with your child, asking her questions that other students might ask, such
as “Why do you drink that milk?” and helping her work out responses she can use in
different situations.

At this age, children tend to be very active especially when involved with after school
sports. That is why it is important to have a variety of low protein snacks available.

50







































































































































































































































