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Appraisal title
Single Technology Appraisal
Response to consultee, commentator and public comments on the Appraisal Consultation Document (ACD)

Type of stakeholder:

Consultees — Organisations that accept an invitation to participate in the appraisal including the companies, national professional
organisations, national patient organisations, the Department of Health and Social Care and the Welsh Government and relevant NHS
organisations in England. Consultees can make a submission and participate in the consultation on the appraisal consultation document
(ACD; if produced). All non-company consultees can nominate clinical experts and/or patient experts to verbally present their personal
views to the Appraisal Committee. Company consultees can also nominate clinical experts. Representatives from NHS England and clinical
commissioning groups invited to participate in the appraisal may also attend the Appraisal Committee as NHS commissioning experts. All
consultees have the opportunity to consider an appeal against the final recommendations, or report any factual errors, within the final
appraisal document (FAD).

Clinical and patient experts and NHS commissioning experts — The Chair of the Appraisal Committee and the NICE project team select
clinical experts and patient experts from nominations by consultees and commentators. They attend the Appraisal Committee meeting as
individuals to answer questions to help clarify issues about the submitted evidence and to provide their views and experiences of the
technology and/or condition. Before they attend the meeting, all experts must either submit a written statement (using a template) or
indicate they agree with the submission made by their nominating organisation..

Commentators — Commentators can participate in the consultation on the ACD (if produced), but NICE does not ask them to make any
submission for the appraisal. Non-company commentator organisations can nominate clinical experts and patient experts to verbally
present their personal views to the Appraisal Committee. Commentator organisations representing relevant comparator technology
companies can also nominate clinical experts. These organisations receive the FAD and have opportunity to report any factual errors.
These organisations include comparator technology companies, Healthcare Improvement Scotland any relevant National Collaborating
Centre (a group commissioned by NICE to develop clinical guidelines), other related research groups where appropriate (for example, the
Medical Research Council and National Cancer Research Institute); other groups such as the NHS Confederation, the NHS Commercial
Medicines Unit, the Scottish Medicines Consortium, the Medicines and Healthcare Products Regulatory Agency, the Department of Health
and Social Care, Social Services and Public Safety for Northern Ireland).

Public — Members of the public have the opportunity to comment on the ACD when it is posted on the Institute’s web site 5 days after it is
sent to consultees and commentators. These comments are usually presented to the appraisal committee in full, but NICE reserves the
right to summarise and edit comments received during consultations, or not to publish them at all, where in the reasonable opinion of NICE,
the comments are voluminous, publication would be unlawful or publication would be otherwise inappropriate.




N I C E National Institute for
Health and Care Excellence

Please note: Comments received in the course of consultations carried out by NICE are published in the interests of openness and
transparency, and to promote understanding of how recommendations are developed. The comments are published as a record of the
submissions that NICE has received, and are not endorsed by NICE, its officers or advisory committees.
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Stakeholder comment

Themes arising from thematic review undertaken from all stakeholder, public and web comments
received

1) Stopping treatment with sapropterin at 18 years of age (92% of all 401 responses)
Respondents disagreed, questioned or expressed concerns about the decision to stop treatment with sapropterin at 18.
Respondents described the decision to stop treatment at 18 as disruptive, unfair, unethical, dangerous, irresponsible, or distressing to young
adults.
Respondents suggested that treatment with sapropterin should be continued after 18 because PKU is ‘for life’ and so is the PKU diet
according to clinical practice.
Some respondents highlighted that they would not start sapropterin treatment for their children at all to avoid disruption and distress to their
children’s lives when reaching adulthood.
Respondents indicated that sapropterin should be available for adults:
. Up to 25 years of age
. For life
Respondents indicated that children lose the support of their parents and/or carers which leads to difficulties in managing the PKU diet on
their own.
Because of this and responsibilities of adulthood, managing the PKU diet becomes more difficult.
Respondents highlighted that stopping treatment with sapropterin at 18 will be challenging because:
. Having lived all their life with the liberties and unrestricted diet that come with sapropterin treatment, young adults would have to
learn how to manage the PKU diet from scratch with no experience or coping skills, which are normally developed during childhood and
throughout teenage years.

. Young adults may not be able to adhere to or manage the PKU diet due to a lack the lack of skills and coping mechanisms usually
formed during childhood and teenage years.

. Young adults may not be able to establish blood Phe control through dietary treatment, leading to PKU symptoms and potentially
reducing their ability to manage the PKU diet.

. Young adults will not be accustomed to the taste or smell of the PKU diet and will have to adjust to tolerate low protein foods and
protein substitutes.

. Young adults are transitioning from children to adult clinical services, which are not equipped to educate adults or teach and instil

the necessary skills to manage the PKU diet.
Respondents highlighted that stopping treatment with sapropterin is likely to lead to additional demands on the healthcare system to:

. Support people with PKU to manage the mental health effects of high Phe levels.

. Support and educate people with PKU on how to manage the PKU diet.

. Support people with PKU to achieve blood Phe control and reduce PKU symptoms

Respondents highlighted that stopping treatment with sapropterin will have a substantial impact on young adults’ abilities to:
. Live independently away from their parents’ home.

. Manage higher education studies.

. Start and manage apprenticeships or jobs.

Undertake final exams and leave school.

Join and socialise with their peers.

Form personal relationships.

Start a family.

Additionally, respondents also indicated that stopping treatment will have a detrimental impact on young adults’:
. Brain development

National Institute for

NICE

NICE Response

Please respond to each comment
Comments noted. The committee
considered the responses to the ACD on
this theme and comments made during
the committee meeting, and the guidance
document has been updated. See
section 1.1 of the FAD

The committee recognised that stopping
treatment and relying on diet alone at 18
years old is not ideal. It would benefit
young adults if treatment with sapropterin
could be continued for as long as
possible during final brain development
and transition into adulthood. The
maximum age at which sapropterin can
be considered a cost-effective use of
NHS resources is 21. However, for this to
be cost effective people would need to
continue the dose they were having when
they were under 18. In practice this may
mean that some young adults may need
more dietary control alongside
sapropterin between the ages of 18 and
21 than they would with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and
3.38 of the FAD.
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Stakeholder comment

. Quality of life
2) Occurrence of brain damage in adults (70% of all 401 responses)

Respondents highlighted that NICE’s statements about brain damage in adults are contradictory and that they do not agree with NICE’s
conclusions.
Respondents felt that:

. Patients with brain damage because of late diagnosis or because they had been advised to come off diet were being forgotten.
. NICE ignored that the brain does not stop changing or developing throughout life.

Respondents indicated that brain development continues:

. In early adulthood

. Until 25 years of age or beyond

Respondents highlighted that brain damage occurs even in people with early-treated PKU and manifests as:
Cognitive impairments

Reduced executive function

Deteriorating mental health

Reductions in white matter

Grey matter abnormalities

Lower 1Q scores than expected

Emotional difficulties

Respondents highlighted that:

. High blood Phe levels cause very serious symptoms and long-term effects on the brain.
. The impact of blood Phe on the brain still largely unknown, but it is likely to be detrimental.
. The brain damage experienced by people with PKU is not reversible or fully reversible.

3) Impact of PKU and PKU diet on carers and family (61% of all 401 responses)

Children with PKU

Managing PKU and the PKU diet affects the entire family.

Managing PKU and the PKU diet for children can have a substantial impact on parents’:
. Mental health

. Quality of life.

Respondents highlighted they experience a great deal of stress arising from managing their children’s PKU symptoms, particularly mental
health issues due to high Phe levels

Parents of children with PKU constantly feel concerns, guilt, stress and or anxiety about:

. Managing the PKU diet and getting their children to adhere to it, particularly the aspect of force-feeding children supplements.

. Children’s mental and physical health.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered
the responses to the ACD on this theme, and
the comments made at the committee
meeting.

The risk of irreversible brain damage reduces
with age, particularly after brain development
is complete. So the adverse effects of being
unable to follow the protein-restricted diet are
considerably reduced in adults compared with
the risks in childhood. Adults may still gain
considerable benefit from sapropterin
because of fewer symptoms related to raised
phenylalanine levels, without having to follow
the protein-restricted diet as strictly. However,
these benefits are included in the economic
modelling. Also, in adults the weight-based
dose together with the higher average mg/kg
dose results in costs that are considerably
higher than in children, but the benefits are
not correspondingly higher for adults. Even
taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are
substantially higher than what NICE considers
an acceptable use of NHS resources. So, it is
not recommended for adults aged over 21.
The guidance document has been updated.
See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29,
3.30, 3.34, 3.35, 3.36 and 3.38 of the FAD.
Comments noted. The committee considered
the responses to the ACD on this theme and
comments made at the committee meeting,
and the guidance document has been
updated. See sections 3.1, 3.5, 3.6, 3.7 and
3.23 of the FAD.
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Stakeholder comment

. Increased Phe levels in children and their effects children’s health.

. What children are eating outside of home or parents’ supervision.

. Children being or feeling isolated socially or being bullied because of their PKU.

. Brain damage that might occur because of high Phe levels or not getting the diet right.

. Refusing children normal foods.

. Explaining why their children cannot have normal foods.

Parents of children with PKU often have to:

. Work reduced / part-time hours or seek flexible working arrangements.

. Completely stop working or change careers to care for their children.

Respondents highlighted that managing the PKU diet can be a whole job in itself because of the additional time needed to:

. Shop for appropriate foods, read and understand labels, plan meals several days in advance and cook PKU friendly dishes using
Phe-free ingredients (which are notoriously difficult to cook compared to normal ingredients)

. Measure and monitor the amount of food eaten and left over to calculate the right number of exchanges.

. Liaise with GPs, pharmacies and dietitians to advocate for their children and ensure prescriptions are fulfilled appropriately, arrive
on time or include items of food that are more palatable.

. Organise care such as blood tests, appointments with GPs, dietitians and psychologists, and daily reminders for children to take
medication and supplements.

. Educate self and children on PKU, foods that are safe to eat, how to cook PKU friendly foods and manage the diet appropriately.

. Educate or train relatives, teachers, school cooks or other carers looking after their children on PKU and the PKU diet, and the
importance of measuring everything their children eat as well as ensuring they do not eat any foods that a ‘forbidden’.

. Plan any social gatherings such as birthday parties, meals out, play dates etc. or travelling abroad or domestically.

The strain and stress of managing the PKU diet and dealing with symptoms resulting from high Phe levels can lead to arguments between
family members, impact on relationships or even lead to break-ups and divorce.
Siblings of children with PKU are also impacted by the condition and the PKU diet by:

. Being deprived of normal activities such as meals out or eating normal foods as a family to protect to avoid isolating or making the
child with PKU feel left out.
. Receiving less attention from parents.

Respondents reported that PKU and the PKU diet has a financial impact on the household income because of the reduction in working hours
or career stops parents have to undertake to manage the diet and/or because of the additional costs incurred from buying prescription foods,
trying to make the diet more varied or having to buy more expensive free-from foods.

4) Adults with PKU

Adults with PKU often require additional support from:

. Relatives (parents, grandparents etc.) who help manage the PKU diet, either on a regular basis or when adults experience PKU
symptoms due to high Phe.

. Their partners who help manage the PKU diet (e.g., cooking, obtaining prescriptions, checking labels etc.) and provide support for
dealing with PKU symptoms.

. Their children who take on the role of carers and help with various aspects of the diet and PKU symptoms.

Respondents indicated that they experience increased stress because of the PKU diet and PKU symptoms.

PKU and the PKU diet impacts on families’ ability to engage in social activities such as:

. Eating out, because of the need for advance planning such as choosing as PKU-suitable restaurant and liaising with staff in
advance to ensure they are equipped or willing to cater for an individual with PKU.
. Travelling either domestically or internationally because of the high amount of prescription food needed to be packed.

National Institute for

NICE

NICE Response
Please respond to each comment

Comments noted. The committee considered
the responses to the ACD on this theme and
the comments made at the committee
meeting, and the guidance document has
been updated. See sections 3.2, 3.5, 3.6, 3.7,
3.13, 3.23, 3.29, 3.32 of the FAD.

The risk of irreversible brain damage reduces
with age, particularly after brain development
is complete. So the adverse effects of being
unable to follow the protein-restricted diet are
considerably reduced in adults compared with
the risks in childhood. Adults may still gain
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Stakeholder comment

Respondents indicated that PKU, its associated symptoms and the PKU diet have led to:

. Adults with PKU still living with family or having to move back because they were unable to manage the diet or deal with PKU
symptoms on their own.

. Strained family relationships, family arguments, break-ups or divorce.

. Adults with PKU having reduced time or being unable to spend time with their children.

5) Maternal PKU (59% of all 401 responses)

Respondents disagreed with or expressed concerns about the decision to not recommend treatment with sapropterin for women with PKU.
Respondents felt that NICE have not taken women experiences into account when making their decision.

The PKU diet recommended for safe pregnancies is even more restrictive than what women are used to, with nearly 0 allowance for protein.
Women'’s experiences and thoughts about pregnancy are mostly associated with despondency because of:

Anxiety around the strictness of pregnancy diet

Effect of stress of pregnancy on mental health

Additional stress of diet on top of pregnancy issues that can arise

Terrifying thoughts of high Phe effects on unborn child

Worry, stress and anxieties of unplanned pregnancy

Impact of pregnancy planning and success on romantic relationships and marriages

Need for considerations of abortions as option in case of maternal PKU syndrome or miscarriages

Discouragement from getting pregnant or instilment of fear of pregnancy by clinicians

Extreme guilt associated with high Phe effects on unborn child

Complexity and near impossibility of managing a job, the PKU diet and household or family duties

Inability to openly discuss pregnancy or ask for help

Women with PKU are deterred from having children or even engaging in sexual activities or relationship because of the:

. Fear, concerns or stress of high Phe effects on unborn child

. Strict diet and low Phe levels needed for pregnancy

. Extreme stress, guilt and/or shame of having a child with maternal PKU syndrome
. Inability to maintain the ultra-low diet needed for pregnancy

Women with PKU have difficulties achieving Phe levels suitable for pregnancy due to:

. Severe illness

. Nausea or sickness due to pregnancy

N I C E National Institute for

Health and Care Excellence

NICE Response

Please respond to each comment
considerable benefit from sapropterin
because of fewer symptoms related to raised
phenylalanine levels, without having to follow
the protein-restricted diet as strictly. However,
these benefits are included in the economic
modelling. Also, in adults the weight-based
dose together with the higher average mg/kg
dose results in costs that are considerably
higher than in children, but the benefits are
not correspondingly higher for adults. Even
taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are
substantially higher than what NICE considers
an acceptable use of NHS resources. So, it is
not recommended for adults aged over 21.
The guidance document has been updated.
See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29,
3.30, 3.34, 3.35, 3.36 and 3.38 of the FAD.
Comments noted. The committee
considered responses to the ACD on this
theme and comments made at the
committee meeting, and the guidance
document has been updated.

Sapropterin is recommended as an
option for treating
hyperphenylalaninaemia that responds to
sapropterin in people with
phenylketonuria (PKU), only if they are
pregnant (from a positive pregnancy test
until birth). See section 1.1 of the FAD.
See also sections 3.3, 3.6, 3.19, 3.20,
3.24, 3.31, 3.37 of the FAD.
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Stakeholder comment

. Complexity or strictness of PKU diet

. Hormone changes

. Prior suboptimal Phe control

. Mental health

. Unpalatable supplements

. Exhaustion

. Eating disorders due to PKU diet

. Learning disabilities

The effects of maternal PKU syndrome on the unborn child are severe and can include:
. Disability

. Cardiac effects such as congenital heart disease
. Microcephaly

. Intellectual disability

. Brain damage / neurological issues

. Intrauterine growth

. Brain damage / harm occurs in first 6 weeks of pregnancy
. Delayed learning

. Delayed development

. Spontaneous abortion / miscarriage

. Low birth weight

. Congenital defects

. ADHD

. Autism spectrum disorder

Respondents suggested that sapropterin should be available for:

. All women of childbearing age

. Women who are trying to conceive

. Women who are pregnant

. After pregnancy

Respondents indicated that treatment with sapropterin during and after pregnancy could:

. Allow for better coping with PKU diet

. Reduce the risk of high Phe levels to the unborn child

. Help maintain low Phe levels

. Reduce anxiety, stress and concerns around the effect of high Phe levels on the unborn child
. Improve mood, reduce depression and enable women to better care for their newborn child

6) Discriminatory draft guidance (55% of all 401 responses)

Respondents felt that NICE had not considered treating people fairly and highlighted that the draft guidance was discriminatory on the basis
of:

. Age

. Disability

. Pregnancy or maternity
. Sex

. Ethnicity

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted.

The committee was aware that age-based
recommendations must be objectively
justified, and they should be avoided when
possible. It considered the justification in this
case is the need to secure acceptable cost
efficacy in the interests of the NHS as a
whole. Age itself is both an indicator of
potentially greater benefit, coupled with lower
cost of treatment. The reason for the cost-
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Respondents also indicated that treatment with sapropterin should be available to all people with PKU who respond to it.

Stakeholder comment

Race

7) Living experience of adults with PKU (53% of all 401 responses)

Respondents indicated that PKU and the PKU diet have a substantial effect on adults’ ability to:

Manage work or staying in work

Engage in daily activities or day to day life

Maintain adequate mental health

Development of anxiety

Socialise or communicate clearly with peers, colleagues, friends and family
Manage or finishing studies

Advance in their careers of choice

Maintain or adhere to the PKU diet

Avoid obesity, eating disorders or gastrointestinal issues

Avoid depression, suicidal ideation or self-harm

Develop and maintain personal and romantic relationships

Live independently or manage a household

Maintain adequate quality of life

Maintain adequate blood Phe control

Maintain family relationships

Avoid stress

Maintain physical health

Travel abroad or domestically or eat out with friends, family and peers
Having to explain PKU and the PKU to friends, co-workers, restaurant servers to be accommodated
Engage with clinical services or be able to advocate for themselves
Return to diet

Adjust their mood

Live a normal life

Get adequate nutrition from food

Adults with PKU are disadvantaged by the condition and may struggle to maintain PKU diet because of:

Learning disabilities or difficulties
Cognitive impairments

N I C E National Institute for

Health and Care Excellence

NICE Response

Please respond to each comment
effectiveness estimates being higher in the
over 18 population are explained in this
guidance, as are the reasons for having 22 as
the age for stopping treatment. The
committee explored alternative approaches
but could not find any better alternative to this
approach. See sections 3.32 and 3.36 of the
FAD.

NICE is aware that a recommendation for use
during pregnancy is necessarily only of
benefit to people who become pregnant. This
is permitted by s.17(6)(a) of the Equality Act
2010. See section 3.37 of the FAD.
Comments noted. The committee considered
the responses to the ACD on this theme, and
comments made at the committee meeting,
and the guidance document has been
updated. See sections 3.2, 3.5, 3.6 of the
FAD.
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Stakeholder comment

Lower 1Q scores
Neurological changes

Adults with PKU frequently experience the following symptoms:

Low mood / mood swings / irritability / anger
Anxiety

Poor concentration or inability to focus
Brain fog

Depression

Fatigue, exhaustion, tiredness or lethargy
Memory loss

Headaches or migraines

Tremors

Paranoia and/or agitation

Shakes

Pain

Low bone density

Low motivation

Respondents highlighted that adults with PKU have additional needs in the form of:

Respondents indicated that the following health care system costs, which have not been included in the cost-effectiveness model, are

Psychological support and/or therapy

Support from family, carers, friends and/or work colleagues
Counselling

Mental health support

Education on PKU diet

8) Missing costs from cost-effectiveness model (43% of all 401 responses)

substantial and should be considered:

Respondents highlighted that community costs should also be included in the cost-effectiveness model such as:

Cost of any medications for PKU comorbidities such as anti-depressants, ADHD medications etc.
Cost of medical care of comorbidities, particularly psychiatric, psychology or counselling costs

Costs of maternal PKU and care for children with maternal PKU syndrome
Costs of additional specialist care for PKU and diet side effects

Increased dietetic and health professional costs for poor metabolic control or nutritional deficiency

Speech therapy for babies with maternal PKU syndrome

Costs of care for patients with learning disabilities

Costs of dietary non-adherence of people with learning disabilities
Costs of nursing time for people with PKU in care homes

Dental costs

Costs of surgeries such as gallbladder removal, gastrotomy

Costs of GP or nurse visits

Cost of social services involvement for children with poor Phe control, early help or social care for children with maternal PKU

syndrome

Costs of additional education and support in schools and university

Costs of extra educational needs for children with maternal PKU syndrome.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered
the responses to the ACD on this theme and
comments made at the committee meeting,
and the guidance document has been
updated. See sections 3.13, 3.23, 3.24 of the
FAD.
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Stakeholder comment

Respondents indicated that patient and societal costs are also likely to be substantial and include:

. Loss of earnings through time spent managing the diet

. Loss of earnings through time spent caring for children with maternal PKU syndrome

. Costs of Disability Living Allowance, Personal Independence Payments or Disabled Student Allowance
. Loss of work productivity due to reductions in hours or stopping work altogether

. Reduced tax payments

9) Experience of PKU diet (42% of all 401 responses)

The PKU diet is not like a normal diet and can lead to the development of side effects such as:

. Gastric or digestive issues

. Disordered eating

. Teeth issues such as tooth decay
. Weight fluctuations

. Nausea or vomiting

. Mouth ulcers

. Alopecia

. Stunted growth

. Pain

. Irregular periods

PKU diet alone does not prevent high Phe levels, which can occur because of iliness, menstruation, stress, lack of eating or exercise.
Patients were advised to come off the PKU diet according to past clinical practice and are struggling to return or adhere to the PKU diet as a
result.

Respondents felt that NICE had ignored the quality of life benefits of diet reduction for adults.

Respondents indicated that the PKU diet is difficult to maintain, adhere to and even adjust to because of:

. Its time-consuming nature involving buying products from different shops to maintain variety, read and understand labels, cook with
difficult ingredients, liaise with GPs and pharmacies to get the right prescription foods and in the correct amounts.
. Unpalatable and badly smelling supplements

. Acidic or bitter supplements

. Few healthy or normal foods allowed in the diet

. Increased costs to have variety of foods in the diet

. Need to weigh and record all foods eaten

. Constant feeling of hunger or satiety

. Need to take monthly blood tests and organise prescriptions and shopping trips for PKU-friendly foods

. The high-carbohydrate and sugar content of PKU foods and supplements

. Inefficient absorption of synthetic amino acid supplements compared to natural amino acids.

Respondents highlighted people with PKU struggle to maintain PKU diet or adhere to it consistently because of:
. High Phe levels and PKU symptoms

. Coming off diet in the past (on their own or due to clinician advice)

. Cognitive impairments or disability

. Complexity and strictness of diet

. Few normal foods available

. Expensive free-from foods and supplements

. Lack of or reduced support from family, carers or health professionals
. Delayed access to or difficulty obtaining prescription foods

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered
the responses to the ACD on this theme and
comments made during the committee
meeting, and the guidance document has
been updated. See sections 3.1, 3.2, 3.4, 3.5,
3.6, 3.17, 3.23 of the FAD.
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Stakeholder comment

. Full-time or shift work
. Indisposition towards supplements or food neophobia
. Lack of or limited access to kitchens, cooking equipment and/or prescription food storage space

Respondents indicated that the side effects of the PKU diet and the stress of having to constantly adhere to it can have an impact on:
Social interactions and socialising with friends, peers and family
Feeling isolated, left out or bullied or leading to self-isolation as a coping mechanism
Mental health
Academic performance
Physical health
Cognitive function
Ability to sleep
Concentration
Emotional capacity
10) Dose limit at 10 mg/kg (24% of all 401 responses)

Respondents questioned the dose limit or indicated that it should not be imposed.

Respondents felt that:

. The dose of sapropterin should be based on individual needs and that the 20 mg/kg dose should be available to those who benefit
from it.

. Doctors should have flexibility in prescribing sapropterin between 5 and 20 mg/kg according to the summary of product
characteristics.

. Restricting the dose to 10 mg/kg would lead to the exclusion of children who are responsive to higher doses.

. The dose limit will reduce the effectiveness of sapropterin

Some respondents highlighted need for clarity on how the dose will be administered in practice.
Some respondents indicated that from personal experience an increase in dose to 20 mg/kg can have a dramatic effect on symptoms and
diet relaxation.

11) Comorbidities (13% of all 401 responses)

Respondents indicated that people with PKU have additional comorbidities, which can make management of the PKU diet more difficult or
affect quality of life:

Effect on managing PKU diet
Depression

Anxiety

Learning disability
Gastrointestinal disorders
ADHD

Osteoporosis / osteoarthritis
Autism

Psychiatric conditions
Parkinson’s disease
Dementia

Intracranial hypertension
Down’s syndrome

O0OO0OO0O0OO0OO0OO0OO0ODO0OO0OO

National Institute for
Health and Care Excellence

NICE

NICE Response
Please respond to each comment

Comments noted. The committee considered
the responses to the ACD on this theme and
comments made during the committee
meeting, and the guidance document has
been updated.

The dose for children can be increased above
the starting dose of 10 mg/kg, only if target
blood phenylalanine levels are not achieved
at a dose of 10 mg/kg. So, it is recommended
for treating PKU in people under 18, normally
at a dose of 10 mg/kg. See sections 1.1, 3.11,
3.21, 3.28, 3.30 of the FAD.

Comments noted. The committee considered
the responses to the ACD on this theme and
comments made during the committee
meeting, and the guidance document has
been updated to include some of the more
common comorbidities. See sections 3.2, 3.5,
3.6, 3.23 of the FAD.
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Deafness

Bulimia

Anorexia
Endometriosis
Epilepsy
Fibromyalgia
Liver issues
Alopecia

Skin disease

Kidney issues

*NOO0OO0DO0OO0ODO0DO0ODO0ODO0ODO0ODO0OOO0ODOOO0OO *O0

Psoriatic arthritis
ome respondents also highlighted that people with PKU can have comorbidities resulting from high Phe levels:

Stakeholder comment

Effect on quality of life
Diabetes / obesity
COPD / asthma
Polycystic ovaries

Body dysmorphia

Dermatillomania (excoriating disorder)

Subarachnoid brain haemorrhage
Squashed pituitary gland

Dyslexia
. Spastic paraparesis
. Peripheral nephropathy
. Demyelination

12) Sapropterin patent expiry and future generics (2% of all 401 responses)

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered
the responses to the ACD on this theme and

Respondents indicated that the patent exclusivity for sapropterin has expired and that generics are currently being produced, which are likely | comments made during the committee
to be cheaper and therefore more cost-effective than Kuvan.

Organisation

Stakeholder comment
Please insert each new comment in a new row

Individual stakeholder and expert comments on ACD

No.
name
1 [BioMarin
International
Limited]

In regard to the recommendation of sapropterin limited only to phenylketonuria (PKU) patients that
are under 18 years of age, BioMarin (the Company) would like to state that all PKU patients,
responding to treatment, could benefit from the sapropterin treatment. The health economic model
that the company provided, indicates that for patients, below 18 years old, who start treatment and
remain for lifetime, sapropterin is a cost-effective treatment in comparison to the standard of care
when considering NICE’s cost effectiveness thresholds. This finding is further confirmed in the new
decision tree model that was submitted to the committee. The Company believes that this should
be the correct interpretation of the data carried through into the policy.

meeting, and the guidance document has
been updated. See section 3.38 of the FAD.

NICE Response
Please respond to each comment

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
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Organisation
name

No.

2 [BioMarin
International
Limited]

3 [BioMarin
International
Limited]

4 [BioMarin
International
Limited]

Stakeholder comment
Please insert each new comment in a new row

In page 3, the appraisal consultation document states that “there is no clinical trial or registry
evidence to show whether sapropterin reduces the need for a protein-restricted diet or how it
affects quality of life”.

The Company would like to state again that there are numerous publications showing that
sapropterin treatment contributes to the decrease of the use of protein supplements. A list of
relevant references follows in support to the Company’s argument:

[References received but not reproduced in this table]

Furthermore, the long-term PKU registries, KAMPER in Europe and PKUDOS in the US, also
shows that patients receiving sapropterin experience decrease in their blood phenylalanine (Phe)
levels while their natural protein intake increases.

The above data has been corroborated by a panel of UK clinical experts that supported a minimum
of 50% reduction in the use of protein supplements, potentially reaching 100% in highly responsive
patients.

In page 4, the ACD states that “the dose of sapropterin is based on weight”, the Company would
like to clarify that it is the total daily dose that is based on weight. The dose per kg for a patient will
not be affected if their weight is higher, all patients would remain on the same dose, i.e. 10 mg/kg
regardless if they weight 20 or 70 kgs. It is the total daily dose that would increase.

In pages 4 and 21, the ACD states that “there is not enough evidence on how sapropterin might be
used to prevent harm to the unborn child in women with PKU who are pregnant or trying to
conceive” and “avoiding harm to the developing foetus was clearly important, and the committee
welcomes comments and further evidence on the potential use of sapropterin in women with PKU
of childbearing age, or those planning pregnancy, to prevent harm to the unborn child”,
respectively.

The Company would like to clarify that the number of maternal PKU patients, if they are to be
included in the policy, will be small. UK clinical experts estimate that there are approximately 50 to

National Institute for
Health and Care Excellence

NICE

NICE Response

Please respond to each comment
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.

Comments noted. Wording amended in the ‘Why the
committee made these recommendations section’, to state
“There is no clinical trial or registry evidence to show how
much sapropterin reduces the need for a protein-restricted
diet, or how it affects quality of life or brain development’

Comments noted. Wording amended in the ‘Why the
committee made these recommendations section’ of the FAD.

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
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N I c E National Institute for
Health and Care Excellence

Organisation Stakeholder comment NICE Response
name Please insert each new comment in a new row Please respond to each comment

60 PKU pregnancies per annum in the whole of UK. Of these pregnancies, it is estimated that the | FAD.

number of pregnant patients who will be in clinic and responsive is approximately 10 per annum.

These patients might also require sapropterin treatment only for 6 to 9 months. The UK clinical

experts have also confirmed that Phe tolerance increases as the foetus grows and starts to

metabolise Phe itself which enables mothers to take more natural protein. In comparison to the life-

time costs that would be associated with managing a child with PKU Syndrome, offering the option

of sapropterin to pregnant PKU patients would result in negligible overall budget impact.

No.

Furthermore, the Company would like to provide further evidence to confirm that sapropterin is
associated with the same benefits in terms of reduction in blood Phe levels and increased dietary
Phe intake in the maternal PKU population as in the overall PKU population. PKUMOMS, the PKU
in the Maternal Phenylketonuria Observational Program is a sub- registry of PKUDOS with two
data cuts, in June 2013 and December 2018.

The June 2013 data-cut of the PKU-MOMS sub-registry contained data from 21 pregnancies in
women with PKU, five of whom were treated with sapropterin before pregnancy (but not during
pregnancy), and 16 of whom were treated with sapropterin during pregnancy. Excluding data for
spontaneous abortions (n = 4), the data show that the mean of the median blood Phe levels (204.7,
SD: 126.6 ymol/L; n = 14) for women treated with sapropterin during pregnancy was 23% lower
and had a 58% smaller standard deviation compared with the blood Phe (267.4, SD: 300.7 pymol/L;
n = 3) for women who were not treated with sapropterin during pregnancy (i.e. treated prior to
pregnancy group). Women on sapropterin during pregnancy experienced fewer blood Phe values
above 360 pmol/L. When median blood Phe concentration was < 360 pmol/L throughout
pregnancy, 75% (12/16) of pregnancy outcomes were normal versus 40% (2/5) of pregnancy
outcomes when the median blood Phe was > 360 pmol/L.

Grange et al. 2014, publication from PKU-MOMS, clearly shows that sapropterin during pregnancy
leads to better Phe control. (Grange 2013)

The December 2018 data-cut of the PKU-MOMS sub-registry included data from ** women
reporting ** pregnancies (several patients remained in the study throughout multiple pregnancies)
with a mean sapropterin exposure during pregnancy of | ( BioMarin, data on file). The

mean sapropterin dose was an/kg/day prior to pregnancy (| mg/kg/day during
pregnancy (‘, and il mg/kg/day after pregnanc ). Mean blood Phe
was -&I/L( ) prior to pregnancy, r

pMmol/L (| ) during the 2nd trimester, and

during the 1st trimester, |||}
) during the 3rd trimester.
The following birth outcome data were available for the December 2018 data-cut (reported as
adverse event data):
o  Of [l pregnancies which ended in spontaneous abortion, | had at least one episode
of maternal blood Phe > 360 pmol/L recorded during pregnancy.
Of pregnancies with birth outcome data available, were reported as normal and
were reported as abnormal.
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N I c E National Institute for
Health and Care Excellence

Organisation Stakeholder comment NICE Response

No. . .
name Please insert each new comment in a new row Please respond to each comment

At the January 2017 data-cut of KAMPER, l women participated in the KAMPER maternal sub-
registry, with a total of ] pregnancies being reported (| lEEEEENEGEGEN). O < B
pregnancies with available data, all l resulted in full term live birth deliveries, with all infant
conditions at birth reported as normal.

At the January 2019 data-cut of KAMPER, data from | N | | NI \<rc 2vailable. The
mean age at delivery was || (I y<21s. The sapropterin dose was constant

prior to, during, and after pregnancy, with a median dose of Jl] mg/kg/day; the mean duration of
exposure during pregnancy was days ). Maternal blood Phe concentrations were
either within the clinical range ( ) or hﬁ;h () during the 1st

trimester of pregnancy, were within the clinical range (n = ) during the 2nd trimester, and were
either within the clinical range (n = ) or low (< 120 pmol/L, n = [} during the 3rd trimester.

Furthermore, additional publications including, Feillet 2014 and Nyuzuki 2019 further state that
sapropterin use in pregnant woman leads to better blood Phe control and increased Phe tolerance.
Feillet 2014 also reported the offspring of the seven pregnancies were all normal babies with
normal birth measurements and outcomes. Nyuzuki 2019 reported normal growth and development
of the child confirming the efficacy and safety of sapropterin in maternal PKU. International best
practice guideline (Muntau 2019), also recommends sapropterin response testing for pregnant
woman with PKU.

5 [BioMarin In page 5, the ACD states that “childhood is the most critical period for brain development”. The Comments noted. The FAD has been updated, see section
International Company would like to state that brain development continues up to the age of 25 (which is also 3.2 of the FAD.
Limited] stated in page 6 of the consultation document), thus adolescence and early adulthood are also
critical periods for brain development, education and social development. Furthermore, it has been
widely demonstrated that adolescence and early adulthood are periods when Phe control becomes
problematic.

6 [BioMarin In page 6, the ACD states that “Clinical experts estimated that 10% to 20% of patients struggle to | Comments noted. Section 3.2 of the FAD has been amended
International maintain control of blood Phe levels”. The Company would like to present data from Walter 2002 | to state “...many adults with PKU find it difficult to maintain
Limited] publication which show that adherence to a Phe-restricted diet is extremely challenging with as | good control of blood Phe levels.”

many as 75% of adolescents being unable to keep their blood Phe levels within the recommended
target range. (Walter 2002) A similar observation from the US shows that Phe levels increase as
age increases. This assessment of current management by Jurecki et al. included PKU clinics
across the US in 2015 covering approximately 50% of PKU patients followed in clinics in the US
showed that 12% of patients aged 0-4 years old had Phe levels higher than 360 umol/L, 29% of
patients aged 5-12 years old had Phe levels higher than 360 uymol/L and 40% of patients aged 13-
17 years old had Phe levels higher than 360 pmol/L.
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No.

10

11

Organisation
name
[BioMarin
International
Limited]

[BioMarin
International
Limited]

[BioMarin
International
Limited]

[BioMarin
International
Limited]

[BioMarin
International
Limited]

Stakeholder comment
Please insert each new comment in a new row
In page 6, the ACD states that “good control of blood Phe levels (below 200 micromols per litre)
should be maintained if possible, but there are no strict guidelines or target Phe levels used in
clinical practice”. However, it is clearly stated in the 2017 EU Guidelines that pregnant PKU
patients should maintain their Phe levels between 120 to 360 micromol/L (van Spronsen 2017) and
UK clinical experts follow the European PKU guidelines.

In pages 17 and 18, the ACD states that “the model time horizon is not long enough to capture
long-term brain damage in people with PKU and the model is not appropriate to capture the effects
of PKU in pregnancy”. The Company would like to state that owing to the teratogenic effects on
children born to mothers with PKU, the model included an additional utility gain of [Jli| that
sapropterin can potentially bring. This was presented to the Committee in the new decision tree
model.

In page 19, the ACD states that “the ERG advised that the utility reductions may be double
counted, because the reductions were already captured for different PKU symptom states”. The
Company would like to clarify that utility reductions have not been double counted. The health state
vignettes that were presented to the general population in Sweden and clinical experts in England,
did not include a description for intellectual disability and IQ deficits, hence inclusion of these in the
decision tree model is not double counting.

In page 19, the ACD states that “the ERG did acknowledge that increased blood Phe levels can
harm the unborn child, but the extent of lost utility is unclear, as is the effect of sapropterin on that
utility loss”. The Company will like to recount 2 publications, Lenke et al. 1980 and Koch et al.
2003. High Phe concentration in PKU mothers crosses the placenta by active transport, resulting in
70% to 80% increased foetal concentration of Phe compared with maternal concentration. Elevated
Phe is toxic and teratogenic to a developing foetus. Women of child-bearing age with high Phe
during and before pregnancy leads to an increased risk of spontaneous miscarriage (24%),
intrauterine growth retardation (40%), microcephaly (73%), global developmental delays (92%),
and congenital heart defects (12%) in their offspring.

These risk of teratogenic effects in offspring, can be potentially reduced by sapropterin use pre-
conception and during pregnancy [Feillet 2014 and Nyuzuki 2019]. The decision tree model used
an increase in utility of to address this reduced long-term risk of abnormalities to the child.

In page 21, the ACD states that “the committee concluded that escalation above the dose of 10
mg/kg for children and 12.5 mg/kg for adults would have a significant effect on the cost
effectiveness of the treatment”. The Company will like to state that in the ERG model that was
presented to the committee, dose escalation from 10 mg/kg to 12.7 mg/kg had limited impact. The
results are presented in the table below:

[Table of results received but not reproduced in this table]

Furthermore, the new decision tree model submitted by the Company to the committee, the ICERs
were:

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment
Comments noted. Section 3.3 of the FAD has been amended.

Comments noted. Section 3.19 of the FAD refers to the
company’s additional utility gain as a proxy for anxiety in
pregnant women.

Comments noted. Section 3.16 of the FAD has been changed
to note the ERG’s concerns.

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.

Comments noted. The company agreed with NICE that the
figures they submitted in response to the ACD on this issue
were incorrect.
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No.

12

13

Organisation
name

Royal College of
Physicians
(RCP)

Royal College of
Physicians
(RCP)

Stakeholder comment
Please insert each new comment in a new row

[Table of results received but not reproduced in this table]

Thus, the dose increase to 12.7 mg/kg has shown limited impact on ICER for <18-year olds.
At the RCP we have had three separate responses to this appraisal consultation document.

These are from the British inherited Metabolic Disease Society (BIMDG) and from two RCP
Fellows: an RCP recognised expert Dr Robin Lachmann who treats a significant number of these
patients and from hwho cares for patients with neurodegenerative disease in older age
and is a parent of a child with phenylketonuria (PKU).

The RCP endorses the view of the BIMDG but in addition would like to add the following points:

We have serious concerns about stopping sapropterin treatment at the age of 18 and recommend
that this is changed. The decision to recommend stopping sapropterin treatment at the age of 18
seems arbitrary and will coincide with a particularly vulnerable period in these young people’s lives.
We are very concerned that stopping Kuvan at the age of 18 will result in significant numbers of
young adults with PKU discontinuing diet. This transition period is already known to represents the
highest risk time for reduced compliance and becoming lost to treatment, for people with PKU.

There is some evidence that raised phenylalanine (Phe) may have a wider impact than just on
brain development with higher rates of depression and a wide range of other medical conditions.
We understand the need for cost effectiveness but note there is some evidence that suboptimal
dietary adherence is associated with poorer quality of life scores.

To ensure optimum outcomes by treating young people until neurodevelopment is completing, then
we recommend treating until at least the age of 25.

We have serious concerns that Sapropterin is not being offered as a first line treatment to women
with PKU.

There is a great deal of evidence concerning the teratogenic effects of Phe and the need for
women with PKU to obtain strict metabolic control throughout pregnancy. There should be no
question of the cost-effectiveness of sapropterin in this setting. Women with PKU who are planning
pregnancy, and the healthcare professionals looking after them need access to every means
possible of maintaining phenylalanine levels within the target range for pregnancy.

On Page 7 of the consultation the committee concluded that high blood Phe levels in pregnancy
can have harmful effects on the unborn child. Early control of Phe levels, ideally before conception,
would reduce the risks.

Data indicate clearly that use of Sapropterin in pregnancy is safe and prevents the maternal PKU
syndrome.

Consideration should also be given in the vulnerable period post-partum while mothers are

National Institute for
Health and Care Excellence

NICE

NICE Response
Please respond to each comment

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated. See
section 1.1 of the FAD.

The committee recognised that stopping treatment and
relying on diet alone at 18 years old is not ideal. It would
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and 3.38 of the FAD.

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD and sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of
the FAD.
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N I C E National Institute for
Health and Care Excellence

Organisation Stakeholder comment NICE Response
name Please insert each new comment in a new row Please respond to each comment
adjusting to caring for their children and managing a tightly restrictive diet is virtually impossible.

No.

We suggest that all women of child-bearing age (14-45 years) are assessed for Sapropterin
responsiveness — and those who are responsive to be offered Sapropterin as a first-line option
when they are actively planning pregnancy (the pre-conception period) and for the duration of
pregnancy and for a short period postpartum.

14 Royal College of | NICE has not given any recommendations on how Sapropterin-responsiveness should be Comments noted. This committee considered this outside the
Physicians determined longer-term. remit of this appraisal as response is defined in the summary
(RCP) of product characteristics. See section 3.28 of the FAD.

We have concerns about the lack of clear criteria concerning sapropterin responsiveness and the
lack of definition of what constitutes a satisfactory response to treatment.

One of the major issues in using sapropterin to treat PKU is that it has different effects in different
patients. It is important to precisely define which patients are to be considered responsive to
sapropterin. This involves describing the method of testing as well as what constitutes an
adequate response in terms of lowering Phe and/or increasing natural protein intake.

Sapropterin is used as an adjunct to diet. Dietary treatment on its own can be used to achieve
target phenylalanine levels in all patients, although this can be very challenging. Therefore, for
different patients the goals of adding sapropterin to dietary treatment are different. For some, the
goal will be to reduce Phe levels into the normal range whilst for the majority, the goal will be to
allow patients to maintain target phenylalanine levels with less dietary restriction. Because of this it
is also very important to define criteria for what constitutes a satisfactory long-term response to
sapropterin.

Without clearly defined definitions of responsiveness and response, it will be very difficult to
translate any NICE recommendations into clinical practice. The final recommendations need to
address these issues in detail. This has previously been done by a policy working group convened
by NHSE and the committee might find it very useful to look at the NHSE policy proposal the
‘Interim Clinical Commissioning Policy: Sapropterin for phenylketonuria (All ages)’. Although many
patients in the UK are not currently genotyped, data regarding the determination of Sapropterin-
responsiveness by PAH genotype is also increasing (see http://www.biopku.org/home/biopku.asp).

15 Royal College of | We would request that the review date of the policy is reduced from 3 to 2 years to enable new Comments noted. Section 5.1 unchanged. The standard
Physicians evidence to be considered as further research becomes available. We are aware that several review date is 3 years, however stakeholders can request an
(RCP) studies are near publication. earlier review if any new evidence becomes available before

then.
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No.

16

Organisation
name

| am a patient
expert
nominated by
the National
Society for
Phenylketonuria

Stakeholder comment
Please insert each new comment in a new row

| strongly disagree with the idea that Sapropterin be used as a treatment option for
hyperphenylalaninemia in responders only up until the age of 18, for the following reasons:

The recommendation to stop treatment at the age of 18 is reckless and undermines The
European Guidelines for the Treatment of PKU that stipulates the need for treatment for
life.

The draft recommendation also neglects the whole adult PKU population that are
responsive to Sapropterin.

No justification has been provided by the committee as to why the age of 18 has been
selected to cease Sapropterin. Neuroimaging research demonstrates that brain
development continues beyond the age of 18. For example, the frontal lobes, home to key
components of the neural circuitry underlying “executive functions”, are the last areas of
the brain to mature and may not be fully developed until halfway through the third decade
of life (Sowell et al 92). Indeed, the draft accepts that, “adolescents and young adults may
still be at risk of long-term brain damage from high Phe levels, because brain
development does not stop until around age 25.”

In normal circumstances the transition period to adulthood is a continuous process of
rapid developmental change that starts accelerating at age 16, and for most, is completed
by age 30. During this period, most individuals take steps to live more independently and
depend less on family support. These steps, which involve completing school and training,
launching work lives, and developing relationships with others, can greatly influence much
of their future adult life. The World Health Organization (2020) recognises adolescence as
one of the most rapid stages of human development and a phase in which biological
maturity precedes psychological maturity, noting that the changes taking place during
adolescence can have health consequences over the course of a person’s life. Therefore,
the idea to withdraw a treatment option that would lead to a serious lifestyle change at the
age of 18 could drastically interrupt this important developmental period and is therefore
unethical.

No guidance has been provided as to how treatment would be stopped, and how services
would provide provision for the re-introduction of the ultra-harsh low protein diet.

The cost of these additional services has not been factored into NICE'’s cost analysis.
Children’s clinics are often equipped with kitchens to teach the children to cook PKU
recipes and demonstrate new products. Most adult PKU clinics are an add-on to another
department and don’t have the necessary facilities for dietary therapy training. Neither
child or adult services normally have dedicated mental health teams and due to the extra
load on the mental burden of transition, therefore would be essential to see a requirement
of psychological care being added.

NICE does not appear to have taken into account just how greatly Sapropterin liberates
the dietary choices a person with PKU can make. It is not going to be easy for a person to
switch from eating 40 grams of natural protein to 10 grams of natural protein overnight.

A person’s ability to select food and to make decisions about how much to eat is affected
by memory for specific eating episodes (episodic memory). Thus, NICE cannot expect a
person that has previously been treated with Sapropterin to select low protein foods with

National Institute for
Health and Care Excellence

NICE

NICE Response
Please respond to each comment
Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated. See
section 1.1 of the FAD

The committee recognised that stopping treatment and
relying on diet alone at 18 years old is not ideal. It would
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and 3.38 of the FAD.
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17

Organisation
name

| am a patient
expert
nominated by
the National
Society for
Phenylketonuria

Stakeholder comment

Please insert each new comment in a new row
ease and without giving thought to the cognitive processes that underpin food selection.
NICE appears to have a simplistic view or indeed has not regarded how eating behaviours
are shaped. A child that has learnt what foods they can eat whilst being treated with
Kuvan will not simply be able to unlearn those food choices. Habitual behaviour related to
food choices is guided by information about immediate consequences (such as taste,
likeability and familiarity) and it is not sensitive to representations of delayed outcomes,
(such as the knowledge that eating 2 biscuits would not fall within the day’s protein
restriction). Habits (so, for example the routine of living with PKU with Sapropterin
treatment) are performed automatically and non-consciously and going against the grain
of habit (life without Sapropterin and having to learn new dietary habits) is difficult,
requiring sustained effort (executive cognitive control, bearing in mind high phe levels
reduces cognitive control) to monitor and abandon existing habits, and to acquire new
ones.
Healthy eating (choosing low protein foods) relies on impulse control; therefore, a person
with PKU in order to make the right food choices needs to have the ability to inhibit their
impulses. Deficits in ‘inhibitory control’ are often found in people with treated PKU.
It appears that NICE’s recommendation to terminate treatment at aged 18 is because the
ERG cost model did not incorporate the benefit of preventing long-term brain damage
after the age of 18. Why this was not factored in does not make sense especially when
one reads the discussion of clinical considerations accepts that long term brain damage
has the potential to occur after the age of 18. Therefore, NICE’s decision is discriminatory
as the difference in treatment between age groups has not been properly considered or
justified.

[References received but not reproduced in this table]

“There is no clinical trial or registry evidence to show whether Sapropterin reduces the need for a
protein-restricted diet or how it affects quality of life”. This is a contentious statement as presently
there is no standardised PKU specific instrument via which the true extent of quality of life can be
measured/captured in the UK.

Generic instruments are problematic as they lose specificity for the PKU health condition.
Also, one has to remember cross-cultural comparability; different countries and cultures
may have tested quality of life in patients with PKU and not found improvements in quality
of life after using Sapropterin, but that does not mean that the same results would be
found in the UK.

Also the committee needs to consider the challenges in assessing quality of life in patients
with PKU. For example, PKU is a dynamic condition, and as such it is dependent upon
Phe control and therefore neurocognitive function will be variable. Issues with
neurocognitive function will affect a person’s self-awareness. Many adult patients with
PKU have reduced executive function because of high Phe levels and are therefore not as
able to assess their own quality of life or put into words their experience (Waisbren, 2010).
It is challenging to collect information on health-related quality of life in adults with PKU.

National Institute for

NICE

NICE Response
Please respond to each comment

Comments noted. Wording amended in the ‘Why the
committee made these recommendations section’, to state
“There is no clinical trial or registry evidence to show how
much sapropterin reduces the need for a protein-restricted
diet, or how it affects quality of life or brain development’

Section 3.15 of the FAD accepts that quality of life was not
assessed in sapropterin studies because of difficulties in
measuring it in people with PKU and committee noted that the
TTO study is the best available source of utility values for
PKU symptom states and, although not necessarily robust, it
is the only available evidence.
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Stakeholder comment

Please insert each new comment in a new row
People with PKU can have cognitive problems, self-reflecting and describing their
condition. For example, some patients with low 1Q and executive
dysfunction/communication skills could be unaware, fail to understand or are unable to
articulate why they need alternatives to dietary treatment. Indeed, it has been found that
some patients are only able to report improvement in functioning and have insight about
their deficits after receiving treatment to control their blood Phe, (Simon, 2008).
Another reason why a person wouldn’t necessarily talk about having a reduced QOL is
because, they may not consider that they do so. For example, my son would not be able
to affectively put into words how dramatically his life has been negatively impacted by not
having control of PKU. One reason he wouldn’t talk about having a reduced QOL is
because everything that he does in his daily life is about managing all of what he struggles
with, consequently and subsequently he manages me to meet all of his needs. He is
happy in not going out, he does not need to go to the shops, he does not need to go to
work, because he has me.
There is a lack of research when it comes to PKU and the caregivers lived experienced.
The management of PKU places a significant burden on carers; there’s the gravity of
initial diagnosis and the administering of the diet, and it is acknowledged that patients with
PKU can suffer from behavioural, mood, emotional, and social problems, psychiatric
disorders, intellectual development delays, and neurological deficits.
There is no break from a Phe restricted diet and Sapropterin would help in finding a break.
Leaving a patient with PKU for a length of time is not something that carers routinely do
due to worries that the patient will not receive the correct foods or that they would be
given a forbidden food or that someone else would not adequately manage the diet (i.e.
log, weigh and calculate all foods).

[Reference received but not reproduced in this table]

Statements of brain damage - Long term brain damage in adults - NICE has said: "...adolescents
and young adults may still be at risk of long-term brain damage from high Phe levels, because
brain development does not stop until around age 25." NICE has also said "and there is no risk
of long-term brain damage in adults".

Neuroimaging research demonstrates that brain development continues beyond the age
of 18. For example, the frontal lobes, home to key components of the neural circuitry
underlying “executive functions”, are the last areas of the brain to mature and may not be
fully developed until halfway through the third decade of life (Sowell et al 92). Indeed, the
draft accepts that, “adolescents and young adults may still be at risk of long-term brain
damage from high Phe levels, because brain development does not stop until around age
257

Adulthood may represent an additionally vulnerable time for PKU individuals, as the
compensational mechanisms for Phe accumulation may be reduced by the normal brain
aging processes. Correspondingly, reports provide evidence that some adult PKU patients
may develop intellectual disability and mild parkinsonian signs.

Thomas recruited young adults with PKU (average age 27.5) and older adults without

National Institute for

NICE

NICE Response
Please respond to each comment

Comments noted. Section 3.2 of the FAD address the issue
of long-term brain damage in adults.

The committee recognised that stopping treatment and
relying on diet alone at 18 years old is not ideal. It would
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
with a higher dose. See sections 3.6, 3.30, 3.34, 3.36 and
3.38 of the FAD.
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Stakeholder comment

Please insert each new comment in a new row
PKU (average age 69.2). In both groups, speed of processing was slow and both groups
were impaired in their complex executive function (to a similar level) too. Given that the
normal ageing brain declines in the aforementioned areas, Thomas concluded that speed
of processing and executive function is at risk of declining even further in adults with PKU
as they reach older age (a decline that is more than what is seen in normal ageing). Thus,
if adults were able to continue restricting their Phe intake the decline in processing speed
and executive function could be mitigated, (L Thomas at the ESPKU conference in 2020),
Sapropterin would help this.

e Piloto et al (2019) evaluated cerebrospinal fluid (CSF) neurotransmitter levels in adults
with PKU and age-matched controls. In PKU patients, CSF Phe concentrations were
closely related to plasma levels, which were four to six times higher than in in controls.
The study demonstrates that serotonin and dopamine metabolites are reduced in adult
PKU patients and correlate with specific grey matter atrophy patterns. These findings
place a focus on serotonin metabolism in the pathophysiology of PKU and may support a
more rigorous Phe control, especially in older patients, to prevent. These findings firmly
support the idea of treatment for life to prevent early brain damage through aging.

e  Some adults have low |Q due to poor phenylalanine control in childhood — therefore
neurological damage is permanent. There is much evidence to suggest that the inability
to sustain good metabolic control in childhood is associated with a decline in 1Q score and
executive function and will have a negative influence in adulthood (Jahja et al. 2017; Koch
et al. 2002; Waisbren et al. 1980).

e Waisbren et al, (2007) found that each increase of 100 ymol/l in lifetime Phe for early-
treated PKU patients was associated with a 1.9—4.1 reduction in 1Q.

e Jaha et al 2017 showed that high blood phenylalanine levels in childhood, affect adult
cognitive flexibility, executive motor control, executive function in daily life and adult
mental health.

¢ Weglage (2013) also showed that high blood phenylalanine levels in childhood and
adolescence were related to poorer 1Q, information processing and attention in adulthood.

[References received but not reproduced in this table]

This statement needs revision “Children with PKU frequently experience difficulty with focus,
depression or anxiety, disordered eating, digestive problems, headaches, low mood and sadness,
feeling tired all the time and being in a heightened emotional state (including aggressiveness,
psychosis and paranoia) because of high Phe levels.” Thus it was concluded, ‘that there is a need

for a treatment that can reduce PKU symptoms and give people with PKU and their carers peace of

mind about blood Phe levels”.

e The above statement is not limited to children, adults have the same experiences too.
Adults with PKU and carers of adults with PKU equally need peace of mind about Phe
levels.

N I C E National Institute for
Health and Care Excellence

NICE Response

Please respond to each comment
The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.

Comments noted. Section 3.6 of the FAD has been amended.
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Stakeholder comment
Please insert each new comment in a new row
The description of the condition in paragraph 3.1 is incomplete, ignoring the high prevalence of
comorbidities which are described at paragraph 2.2.3 of the ERG report. Many patients also have
very distorted relationships with food due to the nature of the PKU diet. Losing weight will have an
impact on metabolic control; it causes Phe to increase. In addition to this, the supplements (and
perhaps the quantities of fruit) whilst being freely available can cause reflux and gastric problems.

e People with PKU live with a range of comorbid conditions; disordered eating is a huge
problem faced by many living with PKU. The high prevalence of disordered eating
patterns has been accepted in the European Guidelines. Page 29, “iving with a lifelong
severe dietary restriction may adversely affect eating attitudes and behaviours and
increase susceptibility to the development of eating disturbances”.

e Below is just one example of a person trying to manage life with PKU whilst also living
with other health challenges.

[Case study A received but not reproduced in this table]
The statement at paragraph 3.5 does not adequately describe that many adult patients are
dependent on others to help them manage either their dietary treatment or the impairments they
have as a result of PKU. - NICE has not taken into account the effect that PKU has on family
members that help manage PKU symptoms or PKU treatments.
e Adults that do manage the dietary treatment usually only do so because of the support
they receive from parents and or partners.
¢ In the patient expert report | submitted, | clearly wrote about the care | provide for my adult
children; one needing constant mental health support, whilst the other is in need of
support to manage the diet. Many adults are in the same position as my daughter; her
ability to adequately manage the PKU diet is compromised as she is not left with enough
hours to do all of her prescription orders, shopping and cooking. Not being able to have a
full-time job places serious economic disadvantages upon people in the same position as
my daughter.

“NICE concludes that it was not possible to recommend KUVAN in any group of adults due to the
cost effectiveness estimates in adults”. NICE has failed to consider the great wealth of evidence
in relation to maternal PKU and the benefit to children born to a PKU mother. This treatment is
not fair or just. Women of childbearing age should be given the treatment of Kuvan for the
following reasons:

e The rate of unplanned pregnancy for women with PKU is the same as the general
population. Women with PKU have the right to have sex and the right to have their
reproductive rights supported in a non-discriminatory way.

¢ Many women with PKU are petrified of becoming pregnant (whether planned or not) in
case their Phe levels would be damaging to the unborn child, [Reference received but not
reproduced in this table]

National Institute for
Health and Care Excellence

NICE

NICE Response
Please respond to each comment
Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated to
include some of the more common comorbidities. See
sections 3.2, 3.5, 3.6, 3.23 of the FAD.

Comments noted. Section 3.6 of the FAD has been updated
to include responses received on this issue.

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.
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Please insert each new comment in a new row
Below is a real and typical example of how women in the UK feel about pregnancy.

[Case study B received but not reproduced in this table]
[Case study C received but not reproduced in this table]

[Reference received but not reproduced in this table]

“The committee concluded that high blood Phe levels in pregnancy can have harmful effects on the
unborn child. Early control of Phe levels, ideally before conception, would reduce the risks”. But
then went on to contradict themselves with the statement that there is “not enough evidence on
how Sapropterin might be used to prevent harm to the unborn child in women with PKU who are
pregnant and trying to conceive”. To not recommend the use of Sapropterin to all women of

childbearing age is reprehensible.

e Maternal phenylketonuria (MPKU) is a well-recognized complication of PKU and one of

the most potent teratogenic syndromes of pregnancy.

e The fetal brain and heart are particularly vulnerable to high maternal concentrations of
phenylalanine. The levels of phenylalanine in fetal blood are higher than would be
expected based on the maternal blood levels because phenylalanine crosses the placenta
by an active transport process. Children born to women who have PAH deficiency on
unrestricted diets have a 92% risk of developmental delays, a 73% risk of microcephaly,
and a 12% risk of congenital heart defects as well as growth delay and seizures

e Control of maternal blood phenylalanine during pregnancy prevents most if not all of these

complications.

NICE has not included the costs of preventing neurological damage to the children of women
with uncontrolled PKU (ERG report, section 5.5) in their costs calculations. Below are two real

examples taken from the community.
[Case study D received but not reproduced in this table]
[Case study E received but not reproduced in this table]

[References received but not reproduced in this table]

The committee states that adults with high Phe suffer from, “impaired executive function, reduced
autonomy, impaired social maturity, difficulty forming relationships and neuropsychiatric symptoms
such as depression, anxiety and inattention”. How then, does the committee recommend that
people suffering from the aforementioned problems lower their Phe without the help of Kuvan?

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting and the guidance document has been
updated.
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Stakeholder comment

Please insert each new comment in a new row
e The burden of treatment is felt more greatly when people suffer with co-morbidities such
as depression, anxiety and inattention. Some adults cannot deal with the complexity of
their special diet and are unable to properly deal with the diet in the long term,

consequently their wellbeing is compromised.

e High blood phenylalanine levels are related to poorer 1Q, information processing and
attention in adulthood. Lower IQ lessens the patient’s ability to manage a low
phenylalanine diet. Low IQ is linked with social disadvantage (low paid job, living in
poverty), which in turn lessens the ability to apply the stringent dietary treatment,

(Weglage, 2013).

e Overall, non-adherent patients report more emotional issues related to PKU (Borghi et al
2020). Patients receiving BH4 report lower practical and emotional impacts because of
lower burden of care associated with the diet (Bosch et al 2015).

[References received but not reproduced in this table]

.“Clinical experts estimated that 10% to 20% of patients struggle to maintain control of blood Phe
levels”. This statement grossly underestimates the true figure of people struggling with their Phe

level

e The NHS England Commissioning Policy states “Up to 28% of pre-school children do not
attain recommended Phe targets; this figure rises to 79% of teenagers and 88% of adults

(Enns et al., 2010).”

e Ford et al in 2018 reported the experiences of over 300 adults with PKU, many described
their dietary management as complex and impractical and so abandoned treatment, with

some withdrawing from medical.

[References received but not reproduced in this table]

The recommendation that sapropterin should be used until the age of 18 and then stopped is

inappropriate and dangerous. The reasons are set out below:

e The guidance accepts that there is a risk of permanent harm to the brain in young people
after the age of 18. There is no clinical basis for the proposed stopping criteria at aged
18. The draft guidance also accepts there is a risk of neurological problems from high phe,
including brain fog, executive functioning deficits, anxiety and depression.

e  Children that have grown up using sapropterin do not develop the eating behaviours of
children with PKU. In the survey NSPKU undertook of children taking sapropterin, parents

N I C E National Institute for
Health and Care Excellence

NICE Response

Please respond to each comment
The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.

Comments noted. Section 3.5 of the FAD has been amended,
with the figure of 10-20% removed.

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated. See
section 1.1 of the FAD

The committee recognised that stopping treatment and

relying on diet alone at 18 years old is not ideal. It would
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
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described children that enjoyed normal foods — fish and chips, shepherd’s pie, yogurt,
pizzas and ordinary bread. These foods are forbidden to children were taking sapropterin.
Young people with PKU are trained from being weaned to deny themselves foods and to
learn the routines and thought processes of the PKU diet. This is a drastic modification of
ordinary eating behaviours that requires inculcation from an early age by parents and their
metabolic dietitian. Families start trying to teach children they have a “special tummy”
from being toddlers. This process continues through different stages of childhood and
adolescence, as at each stage the child and the family needs to navigate how they live
with a diet that is radically different from “normal”. Children raised using sapropterin will
have had a radically easier diet and childhood but they will also be less equipped at aged
18 to manage a PKU diet. Therefore the draft guidance will lead to young people who
start adulthood without the coping skills and eating behaviours required to control their
phenylalanine levels by a strict PKU diet.

NSPKU held community online meetings to discuss the draft guidance attended by about
130 people. Families and individuals expressed concern that the draft guidance indicated
that Committee did not understand the realities of living with PKU. It was said that the
PKU diet is very hard, requiring families to have to encourage children to accept
prescribed low phenylalanine foods and deny themselves foods they might want to eat.
Making a switch at 18 would be difficult/impossible. A teenager — aged 15, said he wasn’t
sure if he would start taking sapropterin as stopping would be so hard. He thought the
guidance was wrong. Adults with PKU said — often drawing from their own experiences -
that young people at 18 were very vulnerable as they are trying to start an independent
life, studying or starting work. An adult with PKU who had taken sapropterin on a clinical
trial and then stopped as a young woman thought that withdrawing sapropterin at 18
would cause people to have severe mental health problems. Many people or families
have confided in me about mental health breakdowns occurring at this age linked to the
struggle to manage PKU dietary therapy independently.

The Committee did not perform any enquiry into whether into the risks of withdrawing
sapropterin for young people aged 18. There is no evidence that suggests that individuals
can reliably return to the PKU diet once they have stopped. In fact there is evidence that
returning to the PKU diet is rarely successful. Young people who have been raised on the
PKU diet will not be “returning” to a strict PKU diet, they are being asked to commence
something they have never before experienced. Evidence from the general population is
that eating behaviours are formed in childhood and modification is difficult. There is no
evidence for the assumption that young people, at aged 18, will reliably be able to control
their phenylalanine levels by diet.

The Committee did not consider the impact of the recommendation that sapropterin be
withdrawn aged 18 on service provision. Transition from paediatric to adult clinics
typically occurs at 18 or close to this age. Transition services for children with PKU are
not robust with some areas lacking fully developed adult services. It is very common for
young people to experience a failure to manage their PKU at this life stage with impacts

N I C E National Institute for
Health and Care Excellence

NICE Response

Please respond to each comment
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and 3.38 of the FAD.
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on their mental health and education. At least in theory, transition should be a gradual
process whereby the young person learns the skills to manage their own care as an adult
at a time which is developmentally appropriate for them as an individual. The withdrawal
of sapropterin would involve a young person having therapy withdrawn at a
developmentally inappropriate time — and needing significant input to attempt to learn to
manage PKU via strict diet therapy for the first time. Those resources do not exist.

No.

e | am able to comment on this issue from my own experience. My son commenced
sapropterin treatment on a clinical trial aged 5 which led to him to start eating foods which
were once considered “dangerous”. These dangerous habits include eating bread, which
his metabolic consultant told me | should never let him acquire a taste for! | was told
when he was young to avoid giving any ordinary bread to him as then he would realise it
tastes nicer than PKU bread. In this early training from the hospital | was told it was safer
to completely avoid foods which could lead him into trouble later on. When he started
taking Kuvan he inevitably started eating foods which | never thought he ever would. He
does not remember eating prescription foods and has grown up with eating and social
habits which without sapropterin would lead him to have spiralling phenylalanine levels.
He is “sensitive” to high phe which affects his mood and functioning. Withdrawing
treatment would risk very poor outcomes for him. It is these considerations which led
BioMarin to confirm that supplies would continue for him and the other clinical triallists
after the trial ended, as recorded in the BMJ https://www.bmj.com/content/365/bmj.11874
This was a relief, but | am very concerned about the proposed stopping criteria because |
can see the risk that lies ahead.

e Any consideration of the risks of withdrawing treatment needs to consider the position of Sapropterin is recommended as an option for treating

28

| am nominated

young women with PKU who are likely to becoming sexually active at around age 18,
when sapropterin therapy will be withdrawn under the proposed guidance. If they are
unable to manage their phe levels via diet poor outcomes from pregnancy is a risk. The
European Guidelines recommend robust transition planning for young women to mitigate
this risk; by definition an abrupt withdrawal of sapropterin treatment will increase risk of
young women and their children having children affected by Maternal PKU.

NICE’s decision to withdraw treatment at aged 18 is based on the ERG cost model which
did not include the benefit of preventing long-term brain damage after the age of 18. This
is not logical when the discussion of clinical considerations accepts that long term brain
damage can occur after the age of 18. There are also other failings in the costs modelling
for adults. In conclusion NICE’s decision is discriminatory as the difference in treatment
between age groups has not been properly considered or justified.

hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.

The statements on the risks of long term brain damage in adults are inconsistent and lack robust Comments noted. The committee considered the responses
evidence or investigation. “Clinical experts explained that brain development peaks at around age | to the ACD on this theme and the comments made at the

12. After this high Phe levels are unlikely to affect IQ. However, adolescents and young adults may | committee meeting, and has updated the guidance document.
still be at risk of long-term brain damage from high Phe levels, because brain development does
not stop until around age 25. In adults, high Phe concentrations can result in short-term symptoms,
which are considered reversible by lowering Phe levels through diet.” Thereafter this statement is

by the National
Society for
Phenylketonuria

The risk of irreversible brain damage reduces with age,
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inappropriately simplified further to “there is no risk of irreversible brain damage in adults with

PKU".

Stakeholder comment
Please insert each new comment in a new row

This statement is not accepted but it is manifestly illogical that the same guidance goes on
to conclude “there is no risk of irreversible brain damage in adults with PKU”. By definition
“adults” includes people aged 18-25. The statement on the brain developing until “around

25” is vague.

The statement about the risk of irreversible brain damage in adults is inaccurate and
oversimplifies (to the point of inaccuracy) statements from Technical Engagement. NICE
is under a duty to ensure that the appraisal reflects consensus views on PKU treatment
and the overall breadth of professional clinical opinion. | am not aware of any published
peer reviewed paper that makes a statement to the effect that there is no risk of

irreversible brain damage in adults with PKU.

The draft guidance includes a statement from me as patient expert that there are adult
patients with “severe symptoms and irreversible brain damage” but this seems to have
been dismissed as incorrect. However the literature includes independent descriptions
which corroborate this evidence. The European Guidelines state “Some adults who have

not been treated early and continuously have been reported to develop

leukoencephalopathy, spastic paraparesis, brisk reflexes, tremor, Parkinsonism,
psychiatric symptoms and vision loss”. There is no statement in the literature which states
that there is “no risk of irreversible brain damage” in adults — instead there are more
tentative statements that some problems can be improved or even reversed.

Similarly, NHS England developed a policy proposition through the Sapropterin Working
Group which included a broad committee with metabolic consultants and dietitians. This
recommended treatment for children and adults, noting the occurrence of florid
neurological abnormalities manifesting in adulthood such as spasticity of the legs and

visual loss.

The PKU community is concerned by broad statements about the safety of high
phenylalanine levels. In our community many adults live with impairments sustained by
high phenylalanine levels when their dietary treatment was stopped in childhood — on the
recommendation of metabolic consultants - who said their “brain had sealed” or “stopped
developing”. Where there is such a difficult history of incorrect advice about high
phenylalanine levels ceasing to be a danger the patient community would like to see a
cautious and evidence based approach. It is patients and their families who bear the risk.

The life span of early treated patients with PKU is still not complete.

Knowledge of the development of the brain has developed in the past decades and
continues to develop. NICE needs to ensure that its guidance is based on robust
evidence and a cautious approach to uncertainty. It is submitted that the broad statement

N I C E National Institute for
Health and Care Excellence

NICE Response

Please respond to each comment
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.
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- that there is no evidence that irreversible brain damage can occur after the age of 25 - is
unsound and should be withdrawn.

No.

e Professor Shawn Christ was asked to comment on the draft NICE guidance by a member
of the PKU community. Shawn Christ, Ph.D. is Associate Professor, Dept of
Psychological Sciences, MRI Director, Cognitive Neuroscience Systems (CNS) Core
Research Facility, University of Missouri-Columbia. Dr Christ responded by email on 18
March 2021, which was copied to me. He stated “In glancing through the Appraisal
Consultation Document and Committee Papers Document, | was alarmed by the repeated
assertion within the texts that “There is no risk of irreversible brain damage in adults with
PKU.” In my professional opinion, there is insufficient evidence to make this claim.
The literature supports the notion that phe-related brain damage incurred in adults with
PKU is more reversible than brain damage incurred in children — but this does not mean
that the brain damage in adults is fully reversible. For example, a number of studies (e.g.,
Cleary et al, 1995 in JPeds; Clocksin et al, 2021 in MGM) have found improved white
matter integrity following phe level reduction in adults. Importantly, however, even after
improvement, the white matter integrity in the PKU patients in these studies continued to
be compromised relatively to healthy non-PKU individuals. There is a fair amount of
research from our lab and others suggesting that higher phe levels in adults are
associated with increased risk of neurological, cognitive, and psychological problems.

The extent to which these effects are reversible is definitely still an open question. In my
opinion, the conclusion that they are completely reversible (as implied in the
aforementioned documents) is quite premature and not necessarily supported by the PKU
literature or our general understanding of how risk factors such as this work.”

e Arecent paper provides a review of neurological cases which presented in adulthood
[Reference received but not reproduced in this table]. This reviewed 8 new cases of
neurological manifestations in adults with PKU with 22 cases reported in literature. These
were adults — mostly early diagnosed and treated who presented with debilitating
neurological symptoms such as the inability to walk and visual loss. MRI scans showed
white matter lesions in the brain. The review showed that reinstituting treatment to lower
phenylalanine levels could improve symptoms. However the review does not support the
statement that the adults’ problems were all reversible. The cases studies generally show
partial improvements, some adults still had brain lesions, sight loss, tremor and other
neurological symptoms. The damage was improved with treatment but not reversed.

e The review also notes the presence of white matter lesions in patients with phe levels
above 600, who are presently considered to be asymptomatic. The paper noted that it is
suspected that such lesions are involved in early neurodegenerative disease.

e In my role as a patient advocate | see adults who develop neurocognitive symptoms in
adulthood or whose daily functioning declines. These are problems that manifest in
adulthood and shows evidence of progression. In the course of patient advocacy work, |
am aware that many patients have MRI scans showing PKU related damage to the brain.
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o Further, the emphasis on irreversible neurological harms and reversible harms can mask

the unfortunate truth; which is that many patients who have problems like forgetfulness

and executive functioning problems cannot sustain dietary treatment and hence are

unable to “improve” their symptoms. This was stressed in the NHS England policy which

noted that “In adults, neurocognitive and executive function deficits leads to inability to

sustain dietary treatment, causing chronic poor blood phenylalanine control with negative

impacts on mental health, quality of life, and daily functioning.” This was a major factor in

the reasoning to recommend sapropterin for all ages.

e The draft guidance does not reflect the consensus of opinion about the issues
experienced by adults with PKU with high phenylalanine levels. Currently, in the UK, a
metabolic consultant at University Hospitals Birmingham NHS Foundation Trust is the
principal investigator for an investigational gene therapy for adults with PKU. It seems
unlikely that it would be ethical to conduct a clinical trial for an investigational gene
therapy for adults with PKU unless there was a strongly held clinical view that the adults
had significant ongoing unmet need. Similarly, Pegvaliase is a therapy developed and
licensed for adults with PKU with high phenylalanine levels, which has been licensed by
the EMA and FDA for adults only despite the possibility of very severe allergic reactions.
By contrast, this draft guidance presents a picture that adults with PKU suffer very little
risk from high phenylalanine levels. The email | have received from Professor Christ
suggests that the statements in the draft guidance relating to the risk of high
phenylalanine levels in adulthood are contentious and not evidence based. It seems
likely that NICE has not accurately reflected the range of clinical views about the
experiences of adults with PKU, perhaps due to the fact that it only consulted one
professional working with adults with PKU .

¢ In summary, the statement in the guidance about the risks of brain damage over the age
of 18 are contradictory and unsound. It does not reflect the consensus of opinion on the
disease in adults. There is a continuing risk of brain damage in adults with PKU. In
addition many patients with symptoms are unable to sustain dietary treatment.

o The draft guidance fails to accurately reflect the risks and experiences of adults with PKU.

The approach to cost effectiveness is also unsound as it is based on omissions or flawed

assumptions. Therefore the conclusion that the treatment is not cost effective in adults is

unsound.

29 | am nominated This statement is inaccurate and should be removed/corrected: Comments noted. Section 3.5 of the FAD has been amended,

by the National “Clinical experts estimated that 10% to 20% of patients struggle to maintain control of blood Phe with the figure of 10-20% removed.
Society for levels”. This is not consistent with published research or other recent consensus statements. This
Phenylketonuria | statement should be withdrawn.

The NHS England Commissioning Policy states “Up to 28% of pre-school children do not attain
recommended Phe targets; this figure rises to 79% of teenagers and 88% of adults (Enns et al.,
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The draft guidance fails to reflect the prevalence of comorbidities linked to PKU, and their impact
on patients and health resources are not accounted for in the ERG model. This means that the
provisional recommendations are not a sound and suitable basis for guidance.

The description of the condition in paragraph 3.1 is incomplete, ignoring the high
prevalence of comorbidities which are described at paragraph 2.2.3 of the ERG report.

From my experience with NSPKU | support the accuracy of the statement at 2.2.3 of the
ERG report as | see these problems very frequently. The PKU diet allows sugar, fruit,
some vegetables and fat freely. Normal calorie loss diets will be very challenging. Many
patients also have very distorted relationships with food due to the nature of the PKU diet.
Losing weight will have an impact on metabolic control; it causes phe to increase. In
addition to this, the supplements (and perhaps the quantities of fruit) whilst being freely
available can cause reflux and gastric problems. | know a patient with gastritis, obesity
and diabetes who feels she cannot improve management of one of her conditions without
impacting one of the others.

In my view, the ERG report and the draft guidance fails to reflect the high incidence of
eating disorders within the PKU population. | know many patients who have been
diagnosed with anorexia or have other diagnosed eating disorders. The PKU diet requires
a very unnatural, vigilant relationship with food.

The co-morbidities are linked to significant impacts on quality of life, health and health
resource use. These issues are relevant and should have been included in the QALY
calculation for adult patients.

The statement that there are “no strict guidelines or target Phe levels used in clinical practice” for
women with PKU who are pregnant is not accurate.

The NHS England Commissioning Policy adopted the European Guideline target phe levels for all
patients (children, 12+/adults and pregnant women”.

NICE guidance should be careful to accurately reflect clinical practice/opinion. The evidence review
for the NHS England policy (performed by NICE) also referred to the European Guidelines target
phe levels.

The statement that ... “the outcomes for pregnant women with PKU are better in the UK than in
other countries such as the US” is not evidence based and is not an appropriate statement for
inclusion in the guidance in any event.

First the statement itself is not appropriate or clear. What does “other countries such as
the US” mean? Countries without public health systems? High income countries? It is
not clear why this statement might even have relevance as a measure of outcomes in this
context.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated to
include some of the more common comorbidities. See
sections 3.2, 3.5, 3.6, 3.23 of the FAD.

Comments noted. Section 3.3 of the FAD has been amended.

Comments noted. Section 3.3 of the FAD has been amended.
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Second, whilst there is some data showing poor outcomes in different countries,
comparisons across different studies and countries are difficult as there is often different
time-frames and different outcome measures. The statement does not have an evidence
base to support it.

The NHS England Policy https://www.england.nhs.uk/wp-content/uploads/2013/04/e12-p-
a.pdf includes detailed audit requirements. NHS England have confirmed (following a
Freedom of Information request submitted by me) that no audit data was held or collected
by them. There is no evidence that any outcome data was considered by NHS England in
relation to the decision to not review the policy since 2013.

NHS England’s continued failure to review this 8 year old policy - which is described as
“not optimal” by the clinical experts — may be associated with poor outcomes for women
and babies which could have been avoided. When was it realised it was not optimal and
what is being done about it? In this overall context, it is offensive to include a statement
which suggests that worse outcomes in other countries is a relevant factor to raise.

In conclusion, this statement lacks a reasonable evidential base, is unclear and lacks a
reasonable purpose for inclusion.

The description of the treatment pathway at 3.3 fails to address patients who cannot access the
current treatment. As the treatment is self-managed and complex, many individuals cannot access
any existing treatment. This is a hugely relevant issue explaining which adjunctive/alternative
treatments are required.

The statement at paragraph 3.4 that “Clinical experts noted that just over 50% of adults with PKU
are on a protein restricted diet, while about 30% of adults have stopped their diet and the other
20% have difficulties maintaining it”.

This statement lacks precision. First it is not clear that what is being measured are “adults
with PKU” or “adults with PKU in clinic” or “early treated adults with PKU who have had
contact with a clinic recently”. The statement is not wholly consistent with the
percentages given in paragraph 3.1 which say 10-20% of patients “struggle with control”.

The different categories of patients are not clearly defined and it is not clear what the
purpose of the categories are, either for describing patient’s experience or for developing
recommendations. In practice, for many patients, they may not be on diet because they
can’t cope with it. There may be a continuum of experience of struggling with maintaining
their levels/ successfully maintaining their levels/ stopped trying to maintain their levels as
they can’t cope. Assigning people’s experience to these categories is not so easy in

National Institute for

NICE

NICE Response
Please respond to each comment

Comments noted. The adverse effects of being unable to
follow the protein-restricted diet are considerably reduced in
adults compared with the risks in childhood. Even taking into
account any uncaptured benefits in adults, the cost-
effectiveness estimates are substantially higher than what
NICE considers an acceptable use of NHS resources. See
page 3 of the FAD in the ‘Why the committee made these
recommendations’ section’

Comments noted. Section has been amended. Committee
noted NHSE figures, and comments from clinical experts that
around 50% of adults with PKU are on diet. See section 3.5 of
the FAD.
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practice and the categories for many people aren’t fixed — they might move between them
for different reasons. For example a woman with PKU who experienced many severe
PKU related symptoms told me she was able to control her levels because she had a new
supportive partner who managed her treatment for her. Without the presence of her
partner she had such severe executive functioning problems she couldn’t cook safely on
her own. Would you describe this situation as “having difficulties” with her diet, or just
being “on diet”? As her experience is dependent on an unpaid carer, she is at risk of
becoming “off diet” if the carer is no longer able or willing to assist her. The Committee
should understand that these “categories” don’t necessarily help describe unmet needs in
adults with PKU.

o The evidential basis for this statement is unclear. Only one adult clinician (London based)
contributed to Technical Engagement. Patient cohorts may be different across England
for various reasons (e.g. higher economic deprivation in some areas) and there was no
mechanism within Technical Engagement to look for the impact of this.

This statement needs revision “Children with PKU frequently experience difficulty with focus, Comments noted. Section 3.6 of the FAD has been amended.
depression or anxiety, disordered eating, digestive problems, headaches, low mood and sadness,

feeling tired all the time and being in a heightened emotional state (including aggressiveness,

psychosis and paranoia) because of high Phe levels.”

» All these statements are pertinent to adults with PKU and the guidance should be adjusted

accordingly.
The statement at paragraph 3.5 does not adequately describe that many adult patients are Comments noted. Section 3.6 of the FAD has been updated
dependent on others to help them manage either their dietary treatment or the impairments they to include responses received on this issue.

have as a result of PKU.

The patient expert reports submitted to NICE included a statement from a carer who described
having to support her adult children with PKU; one of the young adults needed support with
managing and maintaining her PKU treatment, and her son has mental health problems related to
PKU. Other information about dependency on care in early treated PKU is ignored.

Further, as should be apparent to the Committee, the adult patient cohort includes many people
with high care needs, who have untreated or late diagnosed PKU. The European Guidelines on
PKU note that “untreated patients with severe intellectual disability and challenging behavioural
problems have high support needs and some may live in social welfare homes.” This issue is
discussed further below.

Cognitive problems and learning disabilities are also prevalent amongst early treated people with

PKU and this is also associated with care needs. The issues of costs of long-term brain damage, carers’ costs,

carer disutilities and comorbidities associated are discussed

The guidance fails to account for care needs or carer disutility associated with adults in its costs In section 3.23 of the FAD.

modelling and this is a significant failing.
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The statement at paragraph 3.5 ignores the existence of people with undiagnosed/late diagnosed
PKU with intellectual disability. This is a blind spot of the entire guidance; even the description of
the patient population ignores a consideration of patients who are not attending clinics. A large
proportion of people with untreated PKU or late treated PKU do not attend clinics.

The issues with late treated/untreated PKU are discussed further below.
The ACD does not adequately explore issues relating to people with learning disabilities.

e  First, | think it is helpful for the Committee to understand how learning disabilities might be
present in the PKU cohort. These are — people with untreated PKU, people with late
treated PKU, and people with early treated PKU who have PKU related cognitive
impairments or other learning disorders. All these groups may not be attending metabolic
clinics for care. People with learning disabilities are likely to be over-represented amongst
lost to follow-up. Therefore the approach of the ACD - which is to look at who is attending
clinics - is problematic from the start.

e There is no patient registry, but there has been some work on trying to understand patient
numbers with untreated PKU. The paper ‘Adults with untreated phenylketonuria: out of
sight, out of mind” Murphy, The British Journal of Psychiatry (2008) details a survey to
trace people with untreated PKU, estimate patient numbers and to understand their
symptoms and behaviour. The discussion suggested that (as of 2008) there would be
about 2000 people with untreated PKU in the population if their life expectancy was 65.

e Jancar estimated a life expectancy of 57 [Reference received but not reproduced in this
table]. It is likely that patients with untreated PKU suffer the same decreased life
expectancy due to inadequate NHS treatment for people with learning disabilities (NHS
England Learning Disability Mortality Review (LeDeR) Program
(https://www.england.nhs.uk/wp-content/uploads/2019/05/action-from-learning.pdf). It is
not clear if PKU related factors also have an impact on life expectancy. It is reasonable to
assume that there are significant numbers of patients with untreated PKU still alive who
are not seen in metabolic clinics. It is my understanding that some patients with untreated
PKU now do receive follow up care in metabolic clinics but this is unlikely to be
comprehensive.

e | am also informed that there are younger people with untreated/late treated PKU in the
UK due to migration from countries without reliable new-born screening programmes at
the time of their birth.

e  Murphy’s paper surveyed the characteristics of individuals with untreated PKU who had
been traced (n=79) and showed very high care needs for the patients with untreated PKU.
The majority needed 24-h support, had behaviours that put their safety at risk and
behaviours that put other’s physical safety at risk. A significant proportion had epilepsy.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment
Comments noted. Section 3.6 of the FAD has been amended
to include these issues.

Comments noted. Section 3.6 of the FAD includes this issue.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.
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e Brown and Guest, “Economic impact of feeding a phenylalanine restricted diet to adults
with previously untreated phenylketonuria” (Journal of Intellectual Disability Research”)
details resource use associated with caring for people with untreated PKU. As of 1998,
the mean annual cost for caring for an individual with untreated PKU was £83,996. It also
noted the improvements in behaviour and quality of life that resulted from introducing a
low phenylalanine diet. This reduced the care costs to £63,348.

No.

e The study concludes that the low phenylalanine diet leads to costs savings for the NHS in
people with untreated PKU. However it does not include the costs associated with
administering the PKU diet to people in care settings. The study also does not include
any consideration of improvements to the life expectancy, health or quality of life of the
individuals themselves. However it is clear that these would be substantial, as the
patients were significantly less distressed and symptomatic. The European Guidelines
also reports improvements such as improvement of motor function behaviour, less
aggression, improved mood and sociability. It is also possible that patients would have
better life expectancy.

e  Murphy’s paper examined untreated PKU but we should also consider the population of
people with late treated PKU, who will have been born between the invention of dietary
therapy in the 1950s and new-born screening in 1969. Some patients in that era were
diagnosed relatively swiftly through the earlier screening methods used prior to the
Guthrie test, but some were diagnosed much later. This age group is also often affected
by misguided medical practices from this era which believed that it was safe to withdraw
dietary treatment from children. Within this group of late treated patients there can be wide
disparities of outcomes, with some people with high support needs and some living
independent lives. Many of patients were discharged from metabolic clinics decades ago.

e It might be helpful to provide the Committee with examples of patients born in the 1950’s
and 60’s. (1) One patient born in 1958, did not meet developmental milestones as a baby.
After many tests and delays she was diagnosed with PKU. She was treated with PKU
dietary treatment until she was about 4 years old, when her parents were told “her brain
had sealed”. She has never lived independently and now requires care. She has help and
companionship from her father, who is now elderly, and a team of carers. She has never
returned to a low phenylalanine diet. The family has had no contact from metabolic
specialists since 1963. (2) Another patient known to NSPKU had PKU diagnosed in the
first few months of life and was taken off PKU dietary treatment aged about 10. She now
has many health problems and lives independently with a substantial care package and
disability benefits. Her health problems became more significant as she aged. Carers visit
several times per day. She has returned to a low phenylalanine diet which helps with her
symptoms but the diet is administered by carers. (3) A man, born in the late 1960s and
diagnosed via the “nappy test”. Ceased dietary treatment in late teens. Now has
executive functioning problems and short term memory problems that impact everyday
activities. He returned to diet with the support of his clinic to improve his symptoms. His
partner and mother supports him to maintain dietary treatment, for example by organising
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his meals and shopping and reminding him to have his supplements. He could not
manage this without support as he struggles with organisation.

No.

e | am also aware of patients with early treated PKU who have learning disabilities or PKU
related cognitive problems. These issues typically have an impact on whether the
individual is able to manage the low phenylalanine diet independently. | am aware of
people with PKU in the community who have problems like intense anxiety or problems
with executive functioning which is a barrier to them being to getting a new referral to a
metabolic clinic and turning up to the appointment. | am also aware of patients with PKU
who are supported by informal family care. During the pandemic our helpline became
aware of patients who significantly declined because this family care was no longer
available — indicating that informal family care masks how many patients are reliant on
care that would otherwise have to be publicly funded. | know patients awarded Personal
Independence Payment benefits which indicates that the Department for Work and
Pensions have assessed the individuals as needing help with daily living activities due to
their disability.

e The literature suggests there are barriers to the introduction of a protein restricted diet
with patients with care needs. Many patients with untreated or late treated PKU have rigid
behaviours and resist change. | am also aware that care arrangements themselves can
be a barrier to a strict PKU diet. Hospitals frequently are unable to provide low
phenylalanine diets. Care homes or domiciliary care will also have difficulties
administering the diet; which are likely to be more problematic than for parental carers —
e.g the high numbers of staff who may have responsibility for supervising the diet of an
individual, reliance on external caterers, staff turnover, possibly (in some cases) a lack of
motivation to handle a difficult task.

¢ The behaviour and preferences of the individuals themselves may also be a barrier to
reducing phenylalanine levels via dietary treatment. | am aware (though our helpline
work) of an early treated adult patient who lacked mental capacity. She presented with
neurological symptoms in adulthood and had high care needs. She expressed the wish to
not return to dietary treatment. It was also noted that the in-patient settings under
consideration for caring for her did not have the facilities to administer a low phenylalanine
diet. In another case, | am aware of a patient who steals food within her care home
environment as she is attracted to tasty foods. Our helpline is in contact with the carer of
a late diagnosed patient who has very ingrained eating patterns; she has eaten the
exactly the same meal for decades.

e ltis likely that sapropterin would have advantages for responsive individuals with
untreated PKU or late treated PKU with care needs. Vernon (2010) records treating a 46
year old man with untreated PKU with severe mental retardation and behavioural
problems. On sapropterin his phe levels reduced from 1255 Imol/L on an unrestricted diet
to 308 Imol/L. Carers noted significant behaviorial improvements and indicated care needs
lessened. The patient was able to have increased social interactions, and for the first time
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in his life was able to take a holiday with the other residents in his facility.

No.

e Vernon notes that there is low compliance with low phenylalanine diets in patients with
untreated PKU and concludes that “Our observation indicates that a trial of sapropterin is
worthwhile even in severely affected PKU patients, and can have beneficial improvements
on quality of life in this challenging population in whom dietary modifications may not be
possible.”

e Jaulent’s paper of French case studies of adults presenting with severe neurological
problems includes case studies of introducing either sapropterin or diet treatment alone to
patients, who we can infer have care needs. Patient 1 was late diagnosed who presented
with a disabling hand tremor. The patient was treated with sapropterin and diet leading to
an improvement of symptoms and brain abnormalities. Patient 3 was early treated but
had sub-optimal treatment in childhood and presented aged 37 with various symptoms
including a walking disability. She was treated with sapropterin and diet which led to an
improvement of neurological symptoms (with some issues still ongoing). The maijority of
the case studies state that patients found it hard to control their phenylalanine levels via
the strict diet. [Reference received but not reproduced in this table]

e | am not aware of any UK literature on treating adults with PKU with care needs with
sapropterin, presumably due to the persistent lack of access to sapropterin treatment in
this country.

o ltis likely that there will be significant QALY gains in patients with untreated PKU or late
treated PKU with care needs who are able to take sapropterin. These calculations should
take into account the significant costs of delivering the strict PKU diet in a social care
setting. From my own experience, the dietary modifications required to treat a patient
taking sapropterin can be relatively modest and suitable food choices are usually available
from standard catering choices. For example, my son, who uses sapropterin, is able to
eat hot school lunches from the standard choices the school offers. | believe this
experience would indicate that the practical barriers to dietary treatment for patients with
care needs could be overcome with sapropterin. There will not be the costs associated
with training staff, preparing special foods or weighing phenylalanine portions and
supervising food intake. The time associated with administering standard dietary
treatment is 19 hours per week; | believe this would not be less for learning disabled
adults with care needs. In my view, sapropterin would reduce the care costs associated
with reducing phe levels for such patients.

e | am also able to report on the experience of a family whose child has autism. It was
difficult for him to adhere to the low phenylalanine diet as he didn’t understand it. He had
very strong preferences for high protein foods and an aversion to his protein supplement.
The family were eventually able to access sapropterin via an individual funding
arrangement. The drug allowed the child to manage his phenylalanine levels as the
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dietary modifications he required became much easier to manage. He could eat the foods
he really loved without affecting his phe levels. As his levels improved, his behaviour also
improved.

o | therefore invite NICE to take into account that patients with learning disabilities, cognitive
impairments and care needs form a significant section of the PKU community and that
the ACD has failed to address this adequately. These patients may experience significant
QALY gains from being able to use sapropterin, which will both improve their own health
and reduce their care needs. The Committee should also take into account that many
patients with care needs cannot access dietary treatment for the reasons discussed, and
therefore the comparator is “no treatment”.

e  The Committee should include a valuation of the cost of care delivered by family members
which might otherwise have been provided by the NHS or personal social services as
suggested by 5.5.13 of the Methods Guide. As | have attempted to explain, patients with
learning disabilities or cognitive impairments typically cannot manage dietary treatment by
themselves. Many adults rely upon others to help them adhere to dietary treatment or to
manage the effects of high phenylalanine (e.g. tremors, forgetfulness). If informal family
care is removed social services care is required to fill in the gaps.

¢  Further, NICE needs to be mindful of the need to contextualise evidential gaps for this
group of patients with a rare disease. This group has literally been “out of sight, out of
mind” to research and the NHS. NICE cannot use an unreasonable approach to its
evidential standards to perpetuate inequality for this group.

39 | am nominated | The statement that there is “not enough evidence on how sapropterin might be used to prevent Comments noted. The committee considered these
by the National harm to the unborn child in women with PKU who are pregnant and trying to conceive” is wrong responses and comments made at the committee meeting,
Society for and is contradicted by statements within the guidance itself. and the guidance document has been updated.
Phenylketonuria | The failure to make a recommendation to support women and their children was wrong. Sapropterin is recommended as an option for treating

hyperphenylalaninaemia that responds to sapropterin in
e In my work for the NSPKU | have been shocked by the unmet need in women with PKU people with phenylketonuria (PKU), only if they are pregnant

and set out below some issues known to me. (from a positive pregnancy test until birth). See section 1.1 of
the FAD.
e A young woman with PKU previously took Kuvan on a clinical trial as a teenager and See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
young adult. She had responded well. Access to the treatment was subsequently FAD.

withdrawn. Many years later she became pregnant, on a carefully planned pregnancy
with support from her metabolic team. She has always struggled with tolerating protein
substitutes and in pregnancy this drastically worsened. She had hyperemeisis and amino
acid supplements would trigger vomiting. She was hospitalised during her pregnancy to
manage this but had dangerous phenylalanine levels. The stress of the situation was
“nerve shredding” for the entire family. She was not offered access to sapropterin through
the NHS England policy. She has stated her belief that women should be routinely
offered sapropterin to help them through pregnancy.

38 of 69



N I C E National Institute for
Health and Care Excellence

No Organisation Stakeholder comment NICE Response
) name Please insert each new comment in a new row Please respond to each comment

e Alady planned a pregnancy with her metabolic team — this process is called “pre-con” by
women with PKU and their dietitians. Getting her levels low enough was a huge struggle
requiring support from her extended family and was very stressful. She did not conceive.
This unsuccessful “pre-con” went on for a long time. She became convinced she would
not conceive without fertility treatment and stopped her pre-con diet because it was so
hard to maintain. She then conceived, naturally and completely unexpectedly with high
phenylalanine levels.

o  Women with PKU can find the process of “pre-con” incredibly hard. The process of
maintaining ultra low levels requires a huge effort. Women have to monitor the blood
levels several times a week, requiring contact with their metabolic team. It must create
immense pressure to conceive swiftly, but life is not always like this. There is a practice —
recommended in the European Guidelines — to refer women to a fertility specialist early if
they fail to conceive quickly. |1 am aware this happens in some clinics in the UK but not
universally so. However this will not necessarily reduce the stress of the situation.

¢ Many women may become pregnant without properly engaging on pre-con and present
for metabolic care as swiftly as possible but the foetus will have been exposed to high
phenylalanine levels at a crucial stage of pregnancy. Only half of PKU pregnancies follow
the “textbook” plan for managing PKU in pregnancy.

e  Within the PKU community | am aware of girls and women who have had unplanned
pregnancies which are either entirely concealed or the girl or young woman does not
come forward for support until later in her pregnancy. NICE should consider the
pressures that may surround young women with PKU. Sex and pregnancy may be
stressful and they may feel shame and panic. They may also have issues related to their
PKU which may make them vulnerable to an unplanned pregnancy which they then feel
unable to confront. Women may have irregular periods or be using a contraceptive
method where they do not expect to menstruate and are not aware of their pregnancy for
some time. There is also evidence that women with a disability are more likely to
experience sex against their will, engage in early sex and risky sexual behaviours, and
these issues may be relevant here (Holdsworth, Sexual behaviours amongst young adults
with limiting disabilities, BMJ).

e The rate of unplanned pregnancy for women with PKU is the same as the general
population. Women with PKU have the right to have sex and the right to have their
reproductive rights supported in a non-discriminatory way.

e | have spoken to many young women who are extremely emotional about the prospect of
becoming pregnant. They are tearful and worried and sometimes express guilt. In the
NSPKU survey it was very difficult to read that some women reported (anonymously) that
these fears impacted their relationships and ability to have a sexual relationship
[References received but not reproduced in this table]
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e In 2017 | interviewed a woman whose experience was featured anonymously in a booklet

produced by NSPKU. She was early diagnosed and treated but her dietary treatment

went off the rails as a teenager. She says she suffered very badly with depression in her

teens and twenties. It was in this period that she conceived two children who have

disabilities linked to Maternal PKU. The woman herself had disability linked to years of

high levels.

e From my experience of talking to women in the community, having generally poor
metabolic control is a risk factor for unplanned pregnancy and poor outcomes.

¢ Women with PKU who have had pregnancies affected by Maternal PKU are not at fault.
This was not an outcome they chose. However there is guilt and emotional pain. Women
have told me about losing pregnancies and the huge loss and pain they feel. A woman
has described these issues as a “trauma”. Women have told me of naming babies they
have lost and grieving for them and marking the anniversaries of their loss.

e Discussion about having children with disabilities or problems linked to PKU is also very
difficult even within the PKU community. It can be difficult to acknowledge or discuss as
women can feel guilt or shame.

e Women have also told me that the support offered after birth is not enough. Many people
with PKU experience symptoms when there is an abrupt change in their phenylalanine
levels — for example headaches, tiredness and dizziness. Women with PKU who have
had a baby are faced with the exhaustion of caring for their baby, trying to start
breastfeeding, hormonal changes and an abrupt spike in their phenylalanine levels (from
ultra low in pregnancy to uncontrolled or poorly controlled post-partum). Thereafter many
women say they struggle with the work involved with maintaining a low phenylalanine diet
and looking after their baby.

e From my experience and knowledge | am aware that some women with PKU are
vulnerable to struggling to cope once their baby is born. | am aware of women who have
been hospitalised with post-natal depression. They may struggle to commence breast
feeding and feel they can’t cope. | am also aware of many women who had less severe
problems, but which still impacted their experience of early motherhood.

e The Committee should understand there can be quite severe problems within families
affected by Maternal PKU. For example, women with PKU who have care needs related
to their PKU or who have children with disabilities related to Maternal PKU. It is also
possible for women with PKU to have children with PKU, where both the mother and the
child have cognitive impairments or other issues related to PKU. | am aware of intensive
social services involvement with some families with complex needs like this. However
there a range of experiences within PKU, with children who thrive and have mothers who
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provide exemplary care.

No.

e There is evidence that women with chronic physical conditions are at higher risk perinatal
mental iliness from conception to one year after giving birth Chronic physical conditions
and risk for perinatal mental illness: A population-based retrospective cohort study”. Hilary
K. Brown , Andrew S. Wilton, Joel G. Ray, Cindy-Lee Dennis, Astrid Guttmann, Simone N.
Vigod. | am not aware there is a specific study of this issue for PKU but the risk is likely to
be higher due to the particular stresses of pregnancy for women with PKU and the
struggles that women with PKU report in maintaining dietary therapy.

e ltis well recognised that the pre-conception, pregnancy and early childhood years are
crucial to children’s health. Within this appraisal there needs to be an approach which is
more sensitive to promoting good outcomes for women with PKU and their children and
more sensitive to their own lived experiences.

e Itis my view that women should have access to sapropterin through their reproductive
years. This will encourage women to have close ongoing relationships with their
metabolic team, where women can be honest and supported to make educated choices
about their sexual behaviour and plans to start a family. Maintaining good metabolic
control in young women will reduce risk factors for unplanned pregnancy. Easy access to
sapropterin prior to conception would make “pre-con” adherence less onerous and in my
view would increase the number of women who conceive with controlled levels. | do not
believe that this is a contentious view, for example the NHS England policy accepted that
sapropterin makes it easier to sustain low levels, thus improving adherence and then
outcomes “the diet becomes more manageable, thus improving dietary adherence.”

e  Sapropterin should not be withdrawn immediately at birth; this is an inappropriate policy
which fails to give women and children the support they need to make a good start.
Women should not be forced to undergo a change of treatment regime at this very
sensitive time. Women with a chronic condition like PKU, who are starting a family should
be supported so their children can have a good “first 1000 days of life” which will improve
their long term outcomes.

e No country in the world has a Maternal PKU policy like the one adopted by NHS England.
Nobody thinks its “optimal” but nobody has ever taken the step of replacing it with an
“optimal” policy. NICE has a duty to women with PKU to resolve this.

[Confidential case study received but not reproduced in this table]
Additional comment — This case study is not a far outlier; the elements of emotional pain
around baby loss, eating disorders and mental health problems as a young adult are all

familiar to me from other women’s stories known to me and the comments received in our
NSPKU survey.
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The guidance manifestly fails to make a reasonable cost effectiveness analysis which takes into
account the issues experienced by women with PKU and their children. This is because the ERG
costs model ignores the harms experienced by women with PKU and their children. As the
committee have asked for more comments and evidence on this issue | shall address this further:

e Maternal PKU is a risk for miscarriage (e.g. Jovanovic, 2011, Outcomes of pregnancy in
maternal phenylketonuria (PKU): the north-east experience — of 20 pregnancies in the
PKU clinic, there were four early spontaneous abortions and four terminations of
pregnancy. From our work with women we know these experiences can be emotionally
devastating. | presume NICE STA is able to accord some QALY value to the loss of a
pregnancy and | would invite the Committee to give this consideration.

e Maternal PKU is a risk for cardiac problems which can be serious. The Jovanovic study
referred to above refers to 1 of the 20 pregnancies resulting in a child being born with
severe congenital cardiac abnormalities who died at 2 weeks. Many other studies show
high rates of cardiac problems which will require ongoing medical attention.

e  Other physical problems referred to in the literature would require medical interventions,
eg cleft palate, epilepsy, congenital cataracts.

e  Children affected by Maternal PKU are also at risk of issues such as microcephaly and
learning disorders. These issues will have life-long costs, significantly affecting the quality
of life of the individuals and their carers. Children can have a combination of problems
which can be very disabling. | am aware of children affected by Maternal PKU who are
not able to attend mainstream schools and will not live independently. At the milder side
of the spectrum of outcomes, children may need significant extra input at school to assist
with issues such as behavioural problems or learning difficulties. | would invite the
Committee to reflect these issues into their costs modelling.

e There is clear and well established evidence that low levels at conception and in early
pregnancy improve outcomes which is acknowledged in the draft guidance but not carried
through into the costs modelling or recommendations.

e | would invite the Committee to include the assumption that improved access to
sapropterin for women would improve outcomes within its costs modelling.

e The Committee should account for the experience of women as well as their children.
Sapropterin would make pre-conception diet less miserable and stressful. It could make
controlling levels during pregnancy easier. It could ease women'’s experience post-
partum. These experiences also have a value which should be recognised within the
costs modelling.

The process of developing this guidance was inadequate and discriminatory, particularly in the way

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.

Comments noted. The committee considered these
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in which is looked at groups of patients with protected characteristics. | stress this is not a fault
of individuals but the limitations of NICE processes.

The guidance states it welcomes comments and further evidence about the subgroup
affected by Maternal PKU. Many women have been upset and angry by the draft
guidance. A female participant in our community meeting for adults to discuss the draft
guidance referred to trauma associated with her experience of Maternal PKU. Many
women were clearly very upset by it. Some women will have participated in the
consultation process and we hope the Committee considers their evidence carefully.
However | am also aware that many women find addressing these issues extremely
upsetting and writing this down for NICE, within a context that many feel lacks any attempt
at empathy — is a form of emotional labour which is too much. In my view it is likely that
many women with important evidence to provide will not have participated. Some women
have participated but found the whole process very distressing.

There should have been a more careful and sensitive enquiry about the issue of Maternal
PKU within the process before this draft guidance was produced. The Committee meeting
did not adequately discuss all the issues. This appraisal is multi-faceted, with PKU
affecting different groups within the patient cohort in different ways, but the Committee
meeting was faced with a fixed time slot which had to deal with all the issues within the
allotted time. The Committee meeting itself was very well conducted within the
constraints of the process and time allotted, but this left issues which were not properly
examined. This process leaves some issues — particularly those affecting groups
protected by the Equality Act — particularly disadvantaged.

Technical Engagement included only one consultant working with adults with PKU. It
should have included other experts working with adults — for example a metabolic dietitian
working with pregnant women with PKU. The metabolic dietitians working with adults—
who are often female — typically work very closely with women with PKU in their
pregnancies and often have a very good understanding of the lives of their patients. A
wider (and less entirely male!) group of clinicians working with adult contributing to
Technical Engagement would have helped bring a perspective which is closer to the
reality of women’s experiences.

The draft guidance refers to inadequacies in the Company’s model as they relate to
women with PKU and their children. The approach in the Company’s model is obviously
inappropriate and wrong - for example why are the reproductive years limited to 18-40
when this is not obviously not how women’s bodies work? However at least the
Company’s model made an attempt to account for women’s experience. The ERG model
ignores the issue completely which makes their guidance manifestly unsound. NICE is
the statutory body entrusted with the duty of developing accurate guidance on this issue.
If the Company’s model is not appropriate NICE is required to conduct its own enquiries to
make reasonable evidence based guidance. This has not happened so far.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment
responses and comments made at the committee meetings,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.
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e The issues relating to adults with learning disabilities and cognitive impairments have not
been adequately explored and this appears to have been due to the same problems with
the process. The issue is “hiding in plain sight” when this guidance relates to a condition
which causes brain damage. By definition, this cohort includes many adult patients with
learning disabilities to various degrees but the issue is dealt with in passing. The
consultation process made no attempt to be accessible to patients with learning difficulties
or their carers who are often older people who do not use social media or computers.
The guidance appears to recommend capping the dose at 10 mg/kg which is not appropriate. The
discussion at 3.21 is about average doses which would be used in clinical practice, ie a range of
doses, some below 10 mg/kg and some above 10 mg/kg in light of the license for the drug which
allows doses from 5 mg/kg to 20 mg/kg. There is no logical basis for capping the dose at 10
mg/kg, rather than simply adopting an average dose across the patient group within the costs
modelling. This was the approach adopted by NHS England.

| am aware of patients who have had good clinical responses on low doses of sapropterin. These
have been in patients funding the treatment privately where there is a significant need to be very
careful about using the lowest possible dose.

There is also an Irish paper which shows that some patients can be appropriately stabilised on
lower doses of sapropterin [Reference received but not reproduced in this table]

However some BH4 responsive patients will need higher doses — perhaps particularly if they have
less mild PKU. These patients should not be excluded and may have significant benefits from the
treatment. The guidance should allow clinicians the freedom to treat patients appropriately within
the license. UK clinicians in the NHS will prescribe economically and appropriately.

There is no basis for the distinction in the guidance between the average doses adopted for adults
or children. It has not been rationalised.

The ERG model is not adequate. It does not capture many aspects of the benefits of the
technology and this makes the guidance unsound:

o At 2.2.3 of the ERG report is a statement that people with PKU have higher rates of
physical co-morbidities and are at higher risk of chronic disease. The ERG model did not
include this.

¢ The Committee did not include an assumption about health care costs related to treating
the issues listed in 2.2.3 of the ERG report. If it is included, to what extent?

e The NICE reference case states “all direct health effects, whether for patients, or when
relevant, carers” should be considered. Carer disutility was not included in the cost
effectiveness calculations for adults or for children. Why?

e The cost calculation did not include a valuation of the cost of care delivered by family

National Institute for
Health and Care Excellence

NICE

NICE Response
Please respond to each comment

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated.

The dose for children can be increased above the starting
dose of 10 mg/kg, only if target blood phenylalanine levels are
not achieved at a dose of 10 mg/kg. So, it is recommended
for treating PKU in people under 18, normally at a dose of 10
mg/kg. See sections 1.1, 3.11, 3.21, 3.28, 3.30 of the FAD.

Comments noted. The issues of costs of long-term brain
damage, carers’ costs, carer disutilities and comorbidities
associated are discussed in section 3.23 of the FAD.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
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members which might otherwise have been provided by the NHS or personal social
services as suggested by 5.5.13 of the Process Guide. Many adults rely upon others to
help them adhere to dietary treatment or to manage the effects of high phenylalanine (e.g.
tremors, forgetfulness). If informal family care was removed, the costs of supporting these
individuals via standard dietary treatment would be substantial.

The draft guidance makes contradictory, unclear and evidentially unsound assumptions
about long-term brain damage. NICE did not even include a risk of long-term brain
damage in adults to “around 25” within its costs modelling for the over 18s.

The ERG model does not include the cumulative risks associated with high phenylalanine
or a poor diet. This is not a logical approach to take when the ERG report states that high
blood phe concentrations are linked to an increased risk of chronic diseases. There is
also clear evidence about the cumulative harm caused by exposure to high phenylalanine
levels.

Healthcare costs for treating PKU and the problems associated with PKU appear to have
been underestimated or left out entirely.

The ERG report notes that impaired functioning can impair the ability to reduce
phenylalanine levels through diet (2.2.1). Did the cost calculation for adults include an
assumption that some adults patients with symptoms cannot “reverse” them and that they
are therefore permanent?

NICE has recognised that early control of phe levels - before conception - would reduce
the risks to unborn children (3.2). It is noted by NICE that there is a policy allowing for
pregnant women with PKU to access sapropterin but that it is “suboptimal” due to the
delays in access in early pregnancy being harmful. The decision to ignore the harms
suffered by women and their children is therefore not logical.

The Committee has not appropriately contextualised its approach to uncertainty in the
evidence. This appraisal concerns a sub-set of a rare disease (BH4 responsive PKU).
Within this appraisal are other issues concerning even smaller sub-sets of patients —
pregnant/maternal women with PKU, or patients with PKU who have significant care
needs. These areas are inherently hard to study or will not ever be a target for significant
research. NICE methods guide states that in areas of uncertainty in costs modelling “the
Committee is aware that the evidence base will necessarily be weaker for some
technologies, such as technologies used to treat patients with very rare diseases”. The
issues in this appraisal are at the far parameters of low prevalence/lower research base of
NICE STA. If NICE is to adopt an expectation for gilt-edged evidence for these issues it
will inevitably lead to recommendations which are unsound. | would invite the Committee
to attempt to overcome these obstacles using feedback from the consultation and other
available evidence.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.
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The Committee has not adequately addressed its obligation under the Equality Act. There are
significant failings in the guidance. In particular

e The decision making around women with PKU and their children does not adequately
consider their needs. The decision to not make recommendations in relation to this group
is not logical in light of the evidence or adequately explained. Both women with PKU, and
their disabled children, are protected groups under the Equality Act.

e The decision to recommend withdrawing treatment at the age of 18, and not
recommending the treatment for adults over the age of 18, discriminates between groups
by reason of age. The clinical reasoning for the decision is manifestly inadequate and the
costs modelling relied upon by NICE is unsound.

e The decision making in the ACD reveals a “blind spot” around adults with PKU with
significant care needs. It acknowledges the existence of adults with brain damage and
cognitive issues and yet consideration of their situation is lacking. The costs modelling
does not account for this group adequately. These learning disabled adults are a
protected group under the Equality Act and the process of developing the guidance and
making recommendations was not adequate in relation to this group.

e The paragraph on “Equalities” at 2.25 does not meet the requirements of the Equality Act
or address health inequalities. It lists various protected groups and simply states that it
could not identify any group of adults for whom a positive recommendation could be
justified given the cost effectiveness estimates in adults. This statement is inadequate as
it does not address whether the cost effectiveness estimates are relevant to the groups in
question. The decision making does not meet the standards required of the public sector
equality duty.

| have concerns about the need to stop sapropterin treatment at the age of 18. | can understand
the argument that it is most important to obtain strict metabolic control in childhood, as the risk of
irreversible damage to the brain and permanent loss of 1Q is reduced after the age of 10 and is not
present in adults. | also agree that treating adults would not be cost effective as the potential
benefits from treatment are much less and the patients weigh much more. However, neither of
these considerations would lead to a decision to stop treatment at the age of 18.

The primary aim of any treatment for PKU must be to prevent irreversible brain damage, but if the
funding decision is primarily based on cost effectiveness, then there would be a weight at which
treatment was no longer cost-effective. When children reach that weight (perhaps with the proviso
that they are also more than 12 years old to definitely prevent loss of IQ points) sapropterin would
be stopped.

If the goal is to ensure optimum outcomes by treating young people until neurodevelopment has
finished, then you wuld continue beyond 18, perhaps until the age of 25.

National Institute for
Health and Care Excellence

NICE

NICE Response

Please respond to each comment
Comments noted.
The committee was aware that age-based recommendations
must be objectively justified, and they should be avoided
when possible. It considered the justification in this case is
the need to secure acceptable cost efficacy in the interests of
the NHS as a whole. Age itself is both an indicator of
potentially greater benefit, coupled with lower cost of
treatment. The reason for the cost-effectiveness estimates
being higher in the over 18 population are explained in this
guidance, as are the reasons for having 22 as the age for
stopping treatment. The committee explored alternative
approaches but could not find any better alternative to this
approach. See sections 3.32 and 3.36 of the FAD.

NICE is aware that a recommendation for use during
pregnancy is necessarily only of benefit to people who
become pregnant. This is permitted by s.17(6)(a) of the
Equality Act 2010. See section 3.37 of the FAD.

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated. See
section 1.1 of the FAD

The committee recognised that stopping treatment and
relying on diet alone at 18 years old is not ideal. It would
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
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The decision to recommend stopping sapropterin treatment at the age of 18 seems arbitrary and
will coincide with a particularly vulnerable period in these young peoples lives. They will be their
final year of secondary education, and in many cases will be preparing for exams which will play a
large role in determining their futures. Abrupt withdrawal of sapropterin, with the concomitant need
for more severe dietary restriction in order to maintain target phenylalanine levels, at this time
would be needlessly distressing and disruptive, and might well end up having a real effect on the
subsequent course of their lives. | think more sensitive consideration needs to be given to when
and how treatment would be withdrawn
| have concerns about the decision not to recommend sapropterin for use in women planning
pregnancy and in pregnant women with PKU. Although there may be limited evidence on the use
of sapropterin in pregnancy, there is a wealth of evidence concerning the teratogenic effects of
phenylalanine and the need for women with PKU to obtain strict metabolic control throughout
pregnancy. Given that pregnancy is time limited and that the effects of high phenylalanine levels
on the children of mothers with PKU are potentially so severe, there should be no question of the
cost-effectiveness of sapropterin in this setting. Women with PKU who are planning pregnancy,
and the healthcare professionals looking after them need access to every means possible of
maintaining phenylalanine levels within the target range for pregnancy.

In my view sapropterin should be available to treat all women with PKU who are sapropterin
responsive whilst they are trying to maintain phenylalanine levels in the pregnancy range, both
during the preconception period and throughout pregnancy. | do not, however, think that
sapropterin should be made available to all females of childbearing age whether or not they are
currently pregnant or planning pregnancy. Most of these women would have phenylalanine levels
well above the pregnancy range and would still need to make significant modifications to their diets
when planning pregnancy, or if they had an unplanned pregnancy. The key factor in ensuring
optimal pregnancy outcomes for women with PKU is education about the need to plan pregnancy
and the availability of as many interventions as possible to help them maintain target phenylalanine
levels when deciding to go on a preconception or pregnancy diet.

| have concerns about the lack of clear criteria concerning sapropterin responsiveness and the lack
of definition of what constitutes a satisfactory response to treatment.

One of the major issues in using sapropterin to treat PKU is that it has different effects in different
patients. It is important to precisely define which patients are to be considered responsive to
sapropterin. This involves describing the method of testing as well as what constitutes an
adequate response in terms of lowering phenylalanine and/or increasing natural protein intake.

Sapropterin is used as an adjunct to diet. Dietary treatment on its own can be used to achieve
target phenylalanine levels in all patients, although this can be very challenging. Therefore, for
different patients the goals of adding sapropterin to dietary treatment are different. For some, the
goal will be to reduce phenylalanine levels into the normal range whilst for the majority, the goal will
be to allow patients to maintain target phenylalanine levels with less dietary restriction. Because of
this it is also very important to define criteria for what constitutes a satisfactory long-term response
to sapropterin.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment
with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and 3.38 of the FAD.

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.

Comments noted. This committee considered this outside the
remit of this appraisal. See section 3.28 of the FAD.
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Without clearly defined definitions of responsiveness and response, it will be very difficult to
translate any NICE recommendations into clinical practice. The final recommendations need to
address these issues in detail. This has previously been done by a policy working group convened
by NHSE and the committee might find it very useful to look at the NHSE policy proposal which
resulted from that work.
| am concerned the age chosen when patients will have to stop Sapropterin (18yrs) will present a
particular challenge for young adults with PKU. If they are to retain good Phenylalanine control in
adulthood they will have to return to a much stricter diet when they stop Sapropterin at a time when
they have just transitioned/are transitioning to adult services. Transition already represents a
particularly challenging period and young adults are at risk of disengaging from clinical services. |
would recommend, for patients commenced on Sapropterin, that the age of withdrawal of treatment
should be extended (for instance to 25yrs)

The introduction of a limit of 10mg/kg will exclude some children who are Sapropterin responsive
from treatment — evidence suggests that more patients will respond to doses of 20mg/kg than
10mg/kg [Muntau et al 2019], although the proportion of patients who only respond to 20mg/kg will
depend on individual genotype and method of response testing. Thus, the numerical impact of this
on under 18yr olds in the UK is unclear.

Definitions of sapropterin responsiveness and the methodology for testing sapropterin
responsiveness are highly variable. It is important that a robust and practical protocol for testing
responsiveness is adopted as part of this guidance — lack of such guidance may result in patients
being inappropriately labelled as responsive (thus reducing cost effectiveness) and significant
inequity of access.
There are 3 questions that are asked:
1. Has all the relevant evidence been taken into account?
2. Are the summaries of clinical and cost effectiveness reasonable interpretations of the
evidence?
3. Are there any aspects of the recommendations that need particular consideration, to avoid
unlawful discrimination?

National Institute for
Health and Care Excellence

NICE

NICE Response
Please respond to each comment

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated. See
section 1.1 of the FAD

The committee recognised that stopping treatment and
relying on diet alone at 18 years old is not ideal. It would
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and 3.38 of the FAD.
Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated.

The dose for children can be increased above the starting
dose of 10 mg/kg, only if target blood phenylalanine levels are
not achieved at a dose of 10 mg/kg. So, it is recommended
for treating PKU in people under 18, normally at a dose of 10
mg/kg. See sections 1.1, 3.11, 3.21, 3.28, 3.30 of the FAD.
Comments noted. This committee considered this outside the
remit of this appraisal. See section 3.28 of the FAD.

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated. See
section 1.1 of the FAD

The committee recognised that stopping treatment and
relying on diet alone at 18 years old is not ideal. It would

48 of 69



No.

53

Organisation
name

British Inherited
Metabolic
Diseases Group
dietetic group

Stakeholder comment
Please insert each new comment in a new row
The document recommendations fall short of fulfilling these questions. On the basis of unlawful
discrimination stopping any drug at 18 years of age is detrimental to a person’s wellbeing and
coercive. This recommendation shows a complete lack and disregard of any understanding
towards the treatment of phenylketonuria (PKU). The committee making these recommendations
have neglected the relevant evidence for those adults at 18 years or older.

This decision will have a devasting impact on a young person it potentially will ruin their life
chances, as sustaining a restricted diet after 18 is not feasible or sustainable and the reasoning
made by NICE flawed. There is agreement that sapropterin is clinically appropriate, effective and
beneficial for people with PKU that respond to sapropterin; why should this benefit be stopped at
18 years of age when treatment is for life.

There is evidence to refute the statement ‘the dose of sapropterin is based on weight so costs are
higher for adults than children but there is no extra increase in quality of life to offset these costs.’
Yes, it is true costs are lower for children, but to make a statement that it can be withdrawn as it
has not benefit to quality of life (QoL) is short sighted. There is overwhelming evidence to suggest
the contrary, irreversible brain damage is avoided for all children if treatment is started on time.
However, the pathology for brain dysfunction continues throughout life, with evidence [1] showing
higher blood phenylalanine concentrations are responsible for neurocognitive delay, which impacts
on the quality of life. Adults non-compliant to diet therapy have a range of neurological,
psychosocial, and physical dysfunctions. This evidence cannot be ignored, dismissed or compared
to a price tag.

Has all the relevant evidence been taken into account?

Evidence for poor dietary adherence leading to high blood phenylalanine concentrations and sub
optimal neurocognition.

1. Sapropterin is only available as an adjunctive therapy for 20 to 30 % of the UK PKU
population. The majority of patients have no alternative choice. Limiting drug therapy for
those with a choice is unfair.

2. Sapropterin as NICE have stated reduces blood phenylalanine concentrations allowing a
less restricted diet, and the benefits of lower blood phenylalanine are reducing
neurocognitive damage, with evidence showing higher blood phenylalanine
concentrations lead to decreased neurocognition

3. Without sapropterin diet therapy is rigorous, restrictive and lifelong. There is compelling
evidence that compliance, together with increased phenylalanine concentrations
deteriorates with age.

4. Dietary treatment is strict and demanding, mild cognitive abnormalities are recognised
from a young age and these affect QoL of patients and families. Bosch et al 2015 [2]
describes the treatment of sapropterin compared to dietary treatment alone, with adults
being less aggressive and improve cognition, with less social impact and greater dietary
freedom.

5. Although the early initiation of dietary treatment prevents the most severe psychiatric and
neurological symptoms, especially intellectual disability; behavioural and emotional

National Institute for
Health and Care Excellence

NICE

NICE Response

Please respond to each comment
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and 3.38 of the FAD.

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.
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problems are still described in many continuously treated children and adolescents.
The impairment of these mental processes leads to inattention, hyperactivity and
impulsiveness in early treated PKU children. Other behaviours have been cited such as
anxiety, phobias, depression, social isolation and psychosomatic difficulties.
Less adherence to treatment with consequent higher blood phenylalanine concentrations
are partially responsible for these neuropsychological symptoms
There is evidence to suggest mild intellectual disability (albeit not as severe as untreated
PKU subjects) is found in early treated PKU children and continues lifelong.
There are several studies all showing behaviour and emotional problems in early treated
children and adolescents have been reported (Vieira 2018). Parents report attention
problems and hyperactivity with nonadherent to treatment and intellectually low
performing patients with PKU.
The proposed mechanisms for these impairments include dopamine depletion and white
matter pathology. Neuroimaging studies demonstrate high signal intensity in the

periventricular while matter observed in PKU patients. Research shows that this pathology

is associated with metabolic control and possibly only reversed with a strict low
phenylalanine diet [1, 3]

Brumm et al [4]shows psychiatric and psychological problems are well documented
across the lifespan of early treated PKU patients. Common problems: attention deficient,
poor school performance, low achievement motivation, decreased social competence,
lower autonomy and self-esteem. Moving into adulthood, despite early treatment these
issues continue: low self-esteem, a lack of autonomy, depression, anxiety, phobias,
decreased positive emotions, immature social skills and social isolation. The correlation
between the level of metabolic control and severity of symptoms suggests a biological
basis of psychiatric dysfunction.

Although it is difficult to quantify, additional psychosocial factors such as the burden of
living with a chronic disorder may contribute to psychological and psychiatric outcome in
PKU [5, 6].

Treatment is the same for those at all ages and therefore, cannot be discriminated on the
basis of age. The practicality of sustaining treatment becomes more difficult and almost
impossible for many with PKU. To remove a drug treatment at any age is subjecting this
group of patients to a deterioration in neurocognition.

The evidence from studies in table 1 and 2 are overwhelming in their findings

dietary adherence decreases over time

b) phenylalanine concentrations deteriorate over time

neurological damage is continuous increasing with higher blood phenylalanine
concentrations

quality of life due to neurological dysfunction is detrimental to the patient and family

Neurological damage is a constant clinical concern, with a proven pathology. This damage
increases with poor metabolic control which is more likely in those over the age of 10 years with
many adults unable to sustain dietary treatment and the required low blood phenylalanine
concentrations within the target therapeutic range.

National Institute for
Health and Care Excellence

NICE

NICE Response
Please respond to each comment

The committee was aware that age-based recommendations
must be objectively justified, and they should be avoided
when possible. It considered the justification in this case is
the need to secure acceptable cost efficacy in the interests of
the NHS as a whole. Age itself is both an indicator of
potentially greater benefit, coupled with lower cost of
treatment. The reason for the cost-effectiveness estimates
being higher in the over 18 population are explained in this
guidance, as are the reasons for having 22 as the age for
stopping treatment. The committee explored alternative
approaches but could not find any better alternative to this
approach. See sections 3.32 and 3.36 of the FAD.

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the

50 of 69



Organisation
name

No.

55 British Inherited
Metabolic
Diseases Group
dietetic group

56 British Inherited
Metabolic
Diseases Group
dietetic group

57 National Society

Stakeholder comment
Please insert each new comment in a new row

It would be unethical to withdraw treatment at any age, if it is beneficial. There is a large body of
evidence which has been disregarded. To state that the quality of life will not be further enhanced
after 18 years of age is factually wrong. In all the other countries using sapropterin, withdrawing
treatment, has never been considered a viable or ethical policy. The evidence from NICE shows
that those taking sapropterin can achieve target blood phenylalanine concentrations avoiding the
consequences of damaging higher blood phenylalanine levels. NICE acknowledge lower 1Q scores
and neuropsychological impairments are present in PKU patients, therefore, to stop treatment at 18
years would lead inevitably lead to a deterioration in mental wellbeing and quality of living.

To make the statement there is no risk of long term brain damage in adults is completely misguided
and unsubstantiated, the evidence from Table 1 and 2 repeatedly shows nonadherence to diet,
becomes harder with age, and the majority of teenagers and adults have phenylalanine
concentrations outside the therapeutic range with evidence based research to show brain damage
is continuous impacting life choices.

Routine monitoring of emotional and behavioural and psychosocial symptoms in individuals with
PKU is necessary together with longitudinal studies to evaluate the impact of new and emerging
therapies. These reported clinical findings have a significant lifelong impact on the quality of life
and social status of patients.

On behalf of the British Inherited Metabolic Disease -Dietitians Group, we strongly recommend the
evidence is reappraised in the light of peer review publications. Any treatment that can reduce
blood phenylalanine concentrations prevents long term brain deterioration, and the associating
insidious detriments to daily living.

[References received but not reproduced in this table]

[Table 1 and 2 received but not reproduced in this table]

The recommendation that sapropterin should be used until the age of 18 and then stopped is

N I C E National Institute for
Health and Care Excellence

NICE Response

Please respond to each comment
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.

Comments noted.

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.
Comments noted. The committee considered these
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inappropriate and dangerous. The reasons are set out below:

Difficulties Starting diet only treatment at age 18 (and difficulties experienced by all on PKU diet):

The European Guidelines for Diagnosis & Management of PKU state that treatment should be
lifelong (van Spronsen et al 2017), so a patient stopping sapropterin at age 18 would need to start
dietary treatment. The diet is commonly restricted to about 10g protein per day (Ford et al 2018),
and protein containing foods are counted and measured down to 0.3g protein per serving. The
complexity of the diet is beyond any other dietary regimen and has evolved over 20-30 years and

details have only just been agreed by specialists (Evans et al 2019).

It is necessary to plan, shop for ingredients, weigh foods and cook/prepare foods with great care.
Baking with low protein products and no egg takes quite some skill and not everyone acquires
these skills. The time commitment needed for a low protein diet is considerable and has been

measured. A recent NHS Commissioning policy noted that:

“Families and patients have been found to spend on average 19 hours per week on
dietary compliance, thus affecting every aspect of life and testing patient’s self-control (MacDonald

A et al 2016)’

The above relates to people who did not have impaired intellectual or executive functioning. In
individuals with impaired neurocognitive functioning (a recognised result of undertreated PKU, well
evidenced by many including Palermo et al 2017)) the time taken to manage the diet is longer.
Further evidence shows that, in order to achieve the best health outcomes for adults self-managing
their PKU, part time working, and flexible working patterns were the only ways to achieve good
control in a group of adults with PKU (Riva et al 2017). Someone stopping sapropterin and starting
diet would be compromising their ability to attend college full time or do a full-time job.

The current treatment regimen consists of specialist low protein products to provide energy and
variety and a protein substitute providing amino acids without the phenylalanine — these are only
available on prescription. In a peer review paper (Ford et al 2019) reporting access issues to
products via the NHS 59% of responses (over 250 respondents) showed difficulty accessing

basic low protein foods (bread, pasta) and 33% protein substitute. 36% of responses said
problems had occurred for over a year. 18% reported that the local NHS authority had refused,
restricted or had a policy to block treatment access; 27% cited GPs declining requests or restricting
prescription amounts. This all equates to treatment disruption for patients with PKU in England, and
poorer outcomes for all. Patients experience food insecurity and treatment insecurity on an ongoing

basis.

Aspartame — is a phenylalanine ester and thus must be avoided in PKU. The additional scrutiny of
checking all food ingredient labels for aspartame in food, drinks and drugs intensifies the
complexity of management, so this is a further difficulty for PKU patients of all ages. In peer
reviewed evidence, Newbould and team (2021) reported that 74% of 200 PKU patients surveyed
had accidentally ingested aspartame. 23% respondents had been prescribed medicines containing

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment
responses and comments made during the committee
meeting, and the guidance document has been updated. See
section 1.1 of the FAD

The committee recognised that stopping treatment and

relying on diet alone at 18 years old is not ideal. It would
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and 3.38 of the FAD.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.
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aspartame and 75% said that medicines were not checked by medics when prescribed.

Further evidence about how difficult the diet can be, is published evidence following analysis of
over 460 standard food items, reported that 55% of food labels were unclear (Kravela et al 2020)

Finally: data less than a year-old shows that the majority of English adults (with or without PKU) are
overweight or obese; 67% of men and 60% of women. If the general population cannot manage
their own energy intake to match energy expenditure (a well understood concept), how can people
with PKU restrict their diet to an average of 10g protein daily, which seems to be undermined by a
number of systemic failings in the NHS and public health strategy?

There is clear evidence globally and in the UK about worsening metabolic control as PKU patients
become adolescents and adults (Walter et al 2002, Mundy et al 2002, Walter & White 2004 and
Ahring et al 2011 all include UK based adult patients). NICE does not provide any evidence that the
future would be different and that 18-year-olds stopping sapropterin would have safe metabolic
control and good outcomes in this treatment pathway.

An example in my clinical experience is women with mild PKU are taught to restart diet — they may
have no experience of implementing a PKU diet and needs to learn the diet — this can take multiple
(50+) hours of intense work and dedication on the part of all — these women are not true proxies for
this sapropterin to diet scenario, as the pregnancy diet is a temporary intervention only.

Patients returning to diet, in my clinical experience, generally do not succeed on an ongoing basis.

There is no evidence to suggest that this unethical proposal NICE has for offering sapropterin to
responsive patients until the age of 18 would enable them to continue safely into adulthood with
good metabolic control, and good outcomes. All evidence suggests the opposite.

[References received but not reproduced in this table]

The statements on the risks of long-term brain damage in adults are inconsistent and lack robust
evidence or investigation. “Clinical experts explained.....In adults, high Phe concentrations can
result in short-term symptoms, which are considered reversible by lowering Phe levels through
diet.”

The literature suggests that white matter changes caused by high phe in the brains of adults with
PKU is more reversible than brain damage incurred in children.

However, there is no conclusive evidence that brain damage in adults is fully reversible. For
example, Cleary in published on this 26 years ago, and 2 months ago, further imaging evidence is
provided by Clocksin et al, 2021 in MGM) have found improvements following phe level reduction
in adults. Even after improvement, white matter integrity in the PKU patients in these studies
continued to be compromised relative to healthy non-PKU individuals.

In practice, there is no evidence of successful cohorts of patients (except preconceptually and in
pregnancy) returning to diet and regaining control of their PKU — there is evidence of patients who
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NICE Response
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Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
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were unable to (Bik-Multanowski 2008), so the reversibility of white matter damage in adults with
PKU is entirely theoretical and not evidence based.

Adult patients who stop the PKU diet experience poor executive functioning, information processing
(worse reaction times, sustained attention, poor working memory) and mood (increased inhibition,
anxiety, depression and low self-esteem) compared with adults who have continued phenylalanine
restriction throughout life and also metabolically healthy controls. However, even adults with
continuously treated Pku on diet, do see experience decline in their executive functions. Other
study data distinguishes specific poor executive function linked to concurrent metabolic control — ie
that in adulthood - Romani et al 2017 and 2019 — such as sustained attention. If adults have poor
sustained attention, how can they reverse their white matter changes by successful dietary
implementation in a regimen that is complex and when prescribing practices, labelling legislation
and public health practices do not support this.

Finally: case control study data evidences adults with PKU have compromised social cognition —
this in itself may see inconsequential — combined with the need for ongoing self-advocacy for
optimal outcomes for an intrusive treatment for a rare disease, then it contributes to difficulties with
the diet — people cannot assert their needs in various life situations and thus fall out of control
(negotiating GP, pharmacies, work situations etc).

[References received but not reproduced in this table]
Clinical experts noted that just over 50% of adults with PKU are on a protein- restricted diet, while
about 30% of adults have stopped their diet and the other 20% have difficulties maintaining it.

| am unaware of any evidence, nor was it provided, which supports these figures; there is evidence
to the contrary. Incidence and prevalence of PKU in England, compared to the 2,000 people NICE
mentions currently in PKU care and the clinical expert's comments are all inconsistent.

Expected number of patients:

NICE notes that 2,000 patients are receiving PKU care in the NHS currently. Yet >2,400 have been
diagnosed by the Public Health England Newborn screening programme since 1969. Basic
diagnostic tests were used from 1951-1969 - 1,000 babies would have been born then and
diagnosed then or subsequently via sibling screening or investigations.

How can clinical experts know if 50% of these adults with PKU are on diet if they are not in PKU
care? People who are not in follow up will not be on diet.

1. Many adults with PKU are no longer followed up by specialists.

2. Patients were discharged in the past by medics who believed their brains had finished
developing and PKU treatment cessation was safe and appropriate from the age of 4
through to the age of 18-19 (active discharges were happening from all metabolic care as
recently as 10 years ago).

3. Patients are lost to follow up still and on an ongoing basis due to poor transition
arrangements (I have contacts with these patients on NSPKU helpline).
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NICE
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adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.

Comments noted. Section has been amended. Committee
noted NHSE figures, and comments from clinical experts that
around 50% of adults with PKU are on diet. See section 3.5 of
the FAD.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.
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4. The treatment status of any of the above groups of adults in the UK cannot possibly be
known as no arrangements are in place to find them.
5. The percentages mentioned do not even apply to adult patients in clinics as there are
insufficient blood phenylalanine results or published data to support this.

There is a responsibility of health care providers in the UK to make provision for treatment for all
adults with PKU and optimise the outcomes. NICE and/or its clinical expert has overestimated the
use of diet amongst adults with PKU in the UK and thus ignored potential adverse outcomes of
those not on diet.

Finally: in my clinical experience the 50% of adults on diet and “not struggling” does not relate to
adults with PKU, even those receiving metabolic follow up.

In published survey data (Ford et al 2018) 73% of adults (n=209/286) said they found dietary
management difficult. Eg female patients in Bristol — are rarely able to take the prescribed dose of
protein substitute, rarely send bloodspots.

An example: patient P never misses any appointments; she tries very hard to have a low protein
diet but she takes 5 out of 21 doses of her amino acids each week Taking protein substitute is
fundamental to the PKU diet regimen. She is not alone in this and both direct experience of
patients in my NHS work, work with those seeking help from NSPKU, and published evidence
backs this up.

Thus | refute the clinical expert comments, from a “whole UK PKU cohort” perspective and within
clinical experience perspective.

[References received but not reproduced in this table]
Consideration of Maternal PKU Syndrome:

NICE acknowledges that maternal phenylketonuria (PKU) syndrome is caused by high blood
phenylalanine (Phe) levels during pregnancy having a teratogenic effect on the developing foetus
which can result in intrauterine growth retardation, facial dysmorphism, developmental delay,
intellectual disabilities, microcephaly and congenital heart disease (CHD).

In my role | have managed or supported patients with PKU either through pregnancy or through
preconception and then pregnancy and had contacts with women via NSPKU work (>40 women;
none have ever accessed sapropterin). Most women have reported poor control during their
pregnancy — frequently in the first trimester. The first trimester is fraught with difficult to manage
sickness, needing to eat as low as 3g protein daily; changing medications to suit the symptoms,
and bloodspot testing three times a week (latter ongoing for full pregnancy). The current policy to
access sapropterin is ineffective and dangerous — in particular it means sapropterin unlikely to be
successfully given to patients quickly enough/early enough in pregnancy to help avoid poor
outcomes in offspring.

N I C E National Institute for
Health and Care Excellence

NICE Response
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See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.

Comments noted. The committee considered these
responses and comments made at the committee meeting,
and the guidance document has been updated.

Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). See section 1.1 of
the FAD.

See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.
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Strict metabolic control before and throughout pregnancy reduces foetal risk if dietary control is
achieved before conception and maintained throughout pregnancy. The European Guidelines state
that treatment should commence pre-conception for maternal PKU, and it emphasises that
significant effort should be undertaken to avoid any unplanned pregnancies. The data that is
available suggests that current management of females with PKU results in misery for many young
women, girls and older women.

No.

In the peer reviewed publication from the NSPKU survey 73% of women (n= 300) expressed
concerns, fears and distress about pregnancy. 60% were concerned about harm they may cause to
a baby, 54% had anxiety about their ability to maintain blood Phe within target, and 48% feared
unplanned pregnancy. Some were concerned that it may be unsafe to have a baby as a woman
with PKU (39%, n=107); some worried about their parenting skills (16%, n=43), and women even
described how they avoided sexual relations. 8% of women were too embarrassed to discuss
pregnancy in clinic; 9% said they had a pregnancy termination due to PKU, 14% had a miscarriage
and 8% had more than one miscarriage.

In the post-natal period, of 93 women, 48% had low mood or sadness, 41% were depressed, 25%
felt unable to cope, 33% said they could not care for their PKU as well as their baby, 14%
(struggled with childcare needs and 4% worried they might hurt themselves or their baby. 14%
thought that child health or developmental problems were linked to PKU.

UK pregnancy outcome data is poor and it is not relevant to attempt to compare it with pregnancy
data elsewhere. Published data on UK pregnancies include Jovanovic et al 2011 reported on 42
women of reproductive age with PKU and of the 20 pregnancies, only 9 had healthy outcomes.
Adams et al (2017) reported on pregnancies in 17 women in Glasgow, 4 out of 17 had offspring
with congenital abnormalities. Other data (Maillot et al 2008 and Lee 2005) showed that there is
significant negative impacts on offspring IQ and other important markers, relating to blood phe
control and whether the mothers were on a preconception diet or started PKU diet after conception.
Although this data is 13 years old there is no reason to believe that any improvements in outcome
have been realised by the IMD clinical teams caring for women with PKU in the UK.

For instance, the rate of planned vs unplanned pregnancies and on diet vs off diet is unlikely to
have changed. One London centre for IMD in adults reported on diet status at conception — Cook
et al 2018 and 10 of the 22 pregnancies were conceived outside of the desired pregnancy range of
phe control; in another large centre in the UK, between 2010 & 2017 an average of 54% of patients
conceived offspring outside of the target range of phe. Thus the instigation of tight metabolic
control for pregnancy (<300muol/l) is starting too late for the optimal outcomes in these unplanned
pregnancies and the current sapropterin policy for access after poor metabolic control is
demonstrated in pregnancy fails to prevent foetal exposure to the highly teratogenic effects of
phenylalanine.

Ford et al 2018 also showed women stopped dietary management shortly after childbirth. They

could not cope with the pressures of strict dietary management and caring for their baby (also
evidenced in Cook et al 2018). Many described anxiety, depression, tiredness and inability to focus
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well after the birth of the baby and some described how they struggled with day-to-day childcare.
Postpartum depression in the general population is known to adversely affect infant caregiving
activities such as breast feeding and sleep routines (Field et al 2010); there remains a high
probability that postnatal depression may be exacerbated by higher blood Phe concentrations. It
has been shown that women who remain on treatment post pregnancy are likely to have fewer
mental health issues and are better able to cope with parenting (Rohr et al 2004) which in turn, has
an important impact on the cognitive outcome of their children.

Furthermore, women needed guidance about their own nutritional needs during breastfeeding
whilst on the PKU diet post birth.

All evidence points to ongoing poor reproductive outcomes for women with PKU in the UK and their
offspring - needing interventions ranging from cardiac surgery to statements of special educational
needs throughout the education of the offspring (and reduced life chances).

Of note, some women with milder forms of PKU (who would be more likely to be sapropterin
responders) have not ever done the diet themselves yet have to learn this diet regimen very
intensively for preconception and pregnancy purposes.

Of note — there is a major health campaign around improving outcomes via influencing the first
1,000 days of life, recognising how important they are for the child’s health and development in
later life. The window of time preconceptually, post conception and pre birth can determine health
outcomes for the whole of adult life. Maternal health is vital to the outcomes of children, especially
in their early years. Mothers should be supported during pre-conception, the antenatal period,
labour and birth, and the post-natal period.

The benefits of using sapropterin would be to make tight metabolic control in the preconception
period feasible for many more women that dietary control does now; sapropterin given throughout
pregnancy would reduce the difficulties seen in achieving control in the first trimester of pregnancy
and post delivery, sapropterin would allow for best cognition and mental health of the mother in the
crucial first weeks of motherhood.

There should be parity surrounding outcomes in children born to women with PKU and children
born with PKU and NICE’s sapropterin recommendation is failing on this.

[Case study A received but not reproduced in this table]

[References received but not reproduced in this table]

The committee understood that some people may have greater difficulty adhering to conventional
dietary management of PKU and are at higher risk of being unable to control their phenylalanine.
Some people may also have difficulty accessing healthcare services.

NICE has not mentioned late treated or untreated patients with PKU at any stage; these patients
are characterised by learning difficulties, challenging behaviours and also epilepsy.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting. Section 3.6 of the FAD discusses this
issue.

The risk of irreversible brain damage reduces with age,
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Data shows that patients with learning difficulties have reduced challenging behaviours when they
keep their blood phenylalanine controlled and a number of clinical studies advocate phe restricted
diet in adults with late diagnosed or previously untreated PKU due to improvements in subjective
measures of alertness, mood, irritability, concentration, destructive behaviour, quality of life and
adaptive behaviour (Murphy et al 2005; Fitzgerald et al 2000; Koch et al 1999; Baumeister et al
1998; Pavone et al 1993). Patients experience less anxiety and have fewer behavioural
interventions, restraints etc when on a PKU diet (Lee et al 2009). This is clearly beneficial to
achieve good metabolic control for patients, and the benefits can be felt by patients and carers
alike and is cost effective compared to staffing numbers needed to care for people with challenging
behaviours. The diet cannot be easily administered to all of these patients in care homes.

There late treated patients with PKU in England, are in care homes and some are being cared for
by elderly and vulnerable parents or siblings. These patients have more than one protected
characteristic under the Equality Act 2010 and should not be forgotten.

[Case study P received but not reproduced in this table]

[References received but not reproduced in this table]

There is clearly much more published data that shows PKU in adulthood to be burdensome,
symptomatic and difficult to treat with the PKU diet — | will not cite it all here.

In my role at NSPKU | answer the helpline so | am aware of various patient experiences and
clinical situation. The below patient gave me permission to share this which illustrates the statistics
shown in NSPKU surveys about access to prescribed treatment items in the UK:

A Case Study about experiences of adults in the UK system and abroad:

[Case study C received but not reproduced in this table]

WHY SAPROPTERIN SHOULD NOT BE STOPPED AT THE AGE OF 18 YEARS

The draft proposal to stop sapropterin at the age of 18 years is not in the best interests of patients
with PKU and | cannot support this. This proposal contradicts the recommendations of the PKU

National Institute for
Health and Care Excellence

NICE

NICE Response

Please respond to each comment
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated. See
section 1.1 of the FAD
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European Guidelines 2017, the USA PKU guidelines and the PKU MRC 1993 group guidelines that
treatment should be for life in PKU. By giving this recommendation, NICE is giving an

overwhelming message that treatment does not matter in adulthood.

It is irrational to relax protein intake in childhood, only to restrict it later in adulthood. It is expected
that the proposed recommendation of NICE will lower patient motivation at the age of 18 years; it
could also lead to patients failing to attend their metabolic clinics as they consider they are not

being offered a realistic or workable treatment option.

The dietary treatment for PKU is particularly arduous, unpalatable and consists of a limited range of
foods. Many of the foods that are permitted are high in sugar and are discouraged for the general
population as they are unhealthy. We currently have no option but to advise these foods as part of
a low phenylalanine diet in PKU. See Table 1 for the list of low protein/exchange free foods that are
allowed without measurement. Although the dietary difficulties have already been described to
NICE, it is necessary to re-explain the gruelling nature of the dietary treatment and the daily
struggles faced by patients. It is harsh and unrealistic to expect any individual with PKU to resume
such a difficult, unappetizing and complex diet when research and experience repeatedly shows
that many patients are unable to restart dietary treatment once it has stopped or been substantially
relaxed (see section ‘why a dietary treatment only option is inadequate for adults with PKU’). There
is overwhelming evidence to demonstrate that most patients are unable to sustain long term dietary
treatment (Table 2) and that blood phenylalanine levels increase with age (Medford et al 2017). It is
highly likely that stopping sapropterin at the age of 18 years will lead to cessation of treatment.

Many young children with PKU develop rigid eating patterns. They are food neophobic and are
frightened to try new foods; this is commonly seen from early childhood (Evans et al 2015,
MacDonald et al 1997). | have experience of caring for at least 15 children on sapropterin (either on
clinical trials or funded by IFR’s). We work with children to gradually expand their diet to include a
wider range of nutritious foods; this may take many months or even years to accomplish but it is
worthwhile when children develop a healthier eating pattern. Thereby, at the age of 18 years, it is
unthinkable that patients are expected to return to an abnormal eating patterns they followed in
early childhood prior to sapropterin therapy. They will have acquired a taste for higher protein
foods. Some of the children in our clinic have been on sapropterin for 9 years; many eat higher
protein foods including meat or fish daily. They will also eat regular bread and pasta. They do not
use low protein special foods. They take minimal protein substitute. Therefore, they are unlikely to

tolerate a low phenylalanine diet again at a later age.

It also appears that the age of 18 years is an arbitrary cut off point. Eighteen years is a difficult
developmental age when physical growth stops but brain function continues to develop. The brain
is still maturing, and strengths and vulnerabilities continue to emerge. It is a time of life when little is
normative. It is a period of frequent change that covers many aspects of life: including hospital
transition, leaving school, living independently, going to work or University. It is a time when
individuals face significant challenges and are expected to assume new responsibilities and

obligations.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

The committee recognised that stopping treatment and
relying on diet alone at 18 years old is not ideal. It would
benefit young adults if treatment with sapropterin could be
continued for as long as possible during final brain
development and transition into adulthood. The maximum age
at which sapropterin can be considered a cost-effective use of
NHS resources is 21. However, for this to be cost effective
people would need to continue the dose they were having
when they were under 18. In practice this may mean that
some young adults may need more dietary control alongside
sapropterin between the ages of 18 and 21 than they would
with a higher dose.

See sections 3.6, 3.30, 3.34, 3.36 and 3.38 of the FAD.
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Generally, the process of becoming an adult is more gradual and varied today than in the past.
Young people take longer to achieve economic and psychological autonomy and early adulthood
experiences vary greatly by gender, race and ethnicity, and social class. Many may struggle to find
a path to employment, economic security, and well-being. It is important that young adults with
PKU try to maintain optimal metabolic control to help them fully utilise any opportunities they are
given throughout this process. Adults with PKU who have showed much academic potential as
teenagers describe dropping out of University because they have been unable to adhere to their
only treatment option of dietary management with consequential result of loss of metabolic control
which then impacts on executive function and mental health.

Early adulthood is generally a time of heightened psychological vulnerability and onset of serious
mental health disorders, with higher rates of psychological distress; problems compounded by
failure to recognize illness or to seek treatment. Suddenly exposing patients with PKU to higher
phenylalanine levels at the age of 18 years, may increase the risk of mental health issues. It may
lead to mood instability, impulsivity, recklessness, and anger. Young adults may participate in risk
taking behaviour and young women with PKU may be more vulnerable to maternal PKU syndrome
due to unprotected sexual activity. In addition, marginalized young adults, such as those leaving
foster care, those with low IQ and autism, and children of low-income immigrant families, are less
likely to experience a successful transition to adulthood, and will be particularly vulnerable if
sapropterin is stopped.

Thereby, the age of 18 years is a critical window of development. It is important that PKU care is
not mismanaged at this age. Success or failure in navigating life’s paths can set young adults on a
course that will strongly affect the future outcome of their adult lives. Allowing patients to continue
sapropterin will improve their lives; it will enable them to be independent and enter into the
workforce with continued productivity. Stopping sapropterin when people with PKU are in full time
education is not appropriate. This is setting people up to fail university education and will cause
long term harm and potential financial instability. The decision to offer dietary treatment only from
the age of 18 years will magnify inequality, with lasting effects throughout adulthood, with potential
impact on morbidity inequalities in later adulthood.

Furthermore, by stopping sapropterin, patients will require intensive dietary education at the age of
18 years. They will need considerable re-education with a new clinical team of adult specialists that
has not had time to establish trust and rapport with their patients. This will have financial
implications that has not been calculated in the cost model.

[References received but not reproduced in this table]

[Table 1 received but not reproduced in this table]

Other evidence

WHY A DIETARY TREATMENT ONLY OPTION IS INADEQUATE FOR ADULTS WITH PKU AND
WHY THEY SHOULD HAVE EQUAL ACCESS TO ALTERNATVE TREATMENT OPTIONS

By stopping sapropterin in early adulthood, in the 20 to 30% of patients who are BH4 responsive,

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
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NICE are leaving this group of patients without a sustainable treatment option in adult life.

o |tis well established that many adult patients are unable to adhere to long term dietary
management. Adherence with the PKU diet becomes increasingly challenging as patients’
age, especially as patients transition from adolescence to adulthood. There is plenty of
data to show that a high proportion of adult patients are unable to maintain blood
phenylalanine levels within target range on dietary management only (not just the 20-30%
that NICE suggest in their report). (see Table 2 for evidence). Metabolic control in PKU
worsens with age. Equally evidence from other chronic conditions (diabetes,
hypertension) shows low patient adherence rates with special diets only but a combination
of treatment strategies is a more successful policy. It is also widely accepted that in many
other disorders that adherence to special diets is one of the most difficult aspects of
treatment, particularly when diet therapy is initiated in adulthood.

[References received but not reproduced in this table]
[Table 2 and the associated references received but not reproduced in this table]

Ford et al in 2018 from a survey that reported the experiences of over 300 adults with PKU, said
that many described their dietary management as complex and impractical and so abandoned
treatment, with some withdrawing from medical care [Ford et al 2018]. Some said that the thought
of diet recommencement was almost inconceivable. Some adults who remained on diet but
maintained higher blood phenylalanine levels than target ranges had lifelong feelings of self-failure.
Adults who received support from partners or family coped better with dietary treatment.

Reinstitution of diet after relaxation has long been recognised to be problematic (Schuett et al
1985). Many adults have difficultly re-establishing dietary control after a period off diet. In a Polish
study, only 29/53 adults managed to return to a low phenylalanine diet for 3 months, and 10
completed a 9-month study protocol [Bik-Multanowski et al 2008]. Patients generally do better only
if they have a good support network, perceive that their symptoms improve with treatment, and
experience that their dietary treatment is manageable [Finkelson et al 2001]. Many adults try
repeatedly to recommence dietary treatment but struggle to sustain it beyond a few weeks. Once
they are on diet, if they transiently falter from their strict routine, patients lose motivation and
capacity to cope with the demands of dietary treatment and are unable to continue. Patients have
a constant sense of failure. The following are some of the unreported survey quotes about
returning to dietary treatment from the Living with PKU survey conducted by the NSPKU in 2018.

‘My diet was relaxed at 13yrs and then stopped. | came off diet until preconception diet at 30yrs. |
enjoy food and eating socially, it's very hard to restrict protein once you've eaten a normal diet for
so many years. | have tried to return to diet numerous times, | struggle with the planning and
organisation and the time it takes, and also the restriction. | wish | had never been allowed to come
off diet. | am off diet'.

‘To be good at the diet you need full support from home and medical. If one part is missing, you fall

National Institute for
Health and Care Excellence

NICE

NICE Response

Please respond to each comment
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.
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off the wagon. Then due to the effects of high Phe levels (bad concentration, lethargy, low self-
confidence and anxiety) it is IMPOSSIBLE to claw yourself back. It's a cycle of failure and
depression’.
‘I have difficulty planning tasks, partly due to my PKU, and find it difficult to plan a diet or remember
to take formula. | find normal life hard and overwhelming in itself without strict diet and formulas to
think about, due to my severe anxiety and depression’.

‘Difficult with a husband working long hours and 4 children, tired, bored, socially difficult. Lack
enthusiasm for the food choices and suffer with hunger pangs’.

Overall, non-adherent patients report more emotional issues related to PKU [Borghi et al 2020].
Patients receiving BH4 report lower practical and emotional impacts because of lower burden of
care associated with the diet [Bosch et al 2015].

[References received but not reproduced in this table]

There are many barriers to long term dietary adherence in PKU and it is it is associated with a high
burden of care. These issues have been well described in the literature and are described in Table
3. Treatment burden increases with co-morbidities such as cognitive and mental health issues. In
childhood, these burdens are carried by parents/carers. But some adult patients are overwhelmed
with the complexity of self-managing their special diet and are unable to effectively sustain this long
term, which then negatively affects their wellbeing and outcome. Treatment burden is not assessed
within metabolic clinics, but it is important in determining patient capacity to adhere to this
treatment regimen.

In addition, some adult patients with PKU have low nutrition literacy which further disadvantages
their ability to adhere to a low phenylalanine diet. Nutrition literacy is defined as “the degree to
which individuals have the capacity to obtain, process, and understand nutrition information and
skills needed in order to make appropriate nutrition decisions” [Silk et al 2008] and is a known
predictor of dietary adherence [Taylor et al 2018]. Nutrition literacy predicts adherence to
healthy/unhealthy diet patterns in adults with a nutrition-related chronic condition. In adults with
PKU, limited health literacy is common and disproportionately affects minority populations, older
adults with PKU, patients with lower educational attainment and lower incomes.

[References received but not reproduced in this table]

[Table 3 received but not reproduced in this table]
EVIDENCE FOR THE NEED FOR LIFELONG CARE IN PKU AND CHRONIC ISSUES
EXERIENCED BY ADULTS WITH PKU

The main goal of management in PKU is the long-term protection of neurocognitive and
psychological functions. For years after the start of newborn screening (in the 1960’s), there was
controversy over the length of time treatment was necessary. Today, however, there is an
abundance of data showing that blood phenylalanine levels maintained within target range are
crucial for healthy brain and neuropsychological functioning throughout life.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered the responses
to the ACD on this theme and the comments made at the
committee meeting.

The risk of irreversible brain damage reduces with age,
particularly after brain development is complete. So the
adverse effects of being unable to follow the protein-restricted
diet are considerably reduced in adults compared with the
risks in childhood. Adults may still gain considerable benefit
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Adults with PKU experience many chronic issues (depression, anxiety, low mood, poor executive
function), indicating the ongoing negative effects of high blood phenylalanine levels on the brain
and psychological functioning in adulthood. There is almost universal consensus among clinicians
that “treatment for life” is the best approach for the early-treated population. Although NICE
suggest that dietary treatment is given as the only treatment option, it is clear from the evidence
presented that many adults cannot adhere to this.

Associated with the absence of practical treatment options is the high rate of patients who are ‘lost
to follow up’ who should attend an adult metabolic clinic. Unfortunately, there is no knowledge
about their clinical outcome. It is suggested that around 50% of adult patients with PKU in the UK
have been lost to follow up [Burton et al 2005]. A European survey on management of adult
patients reported that the majority of patients with PKU in active follow up were aged under 30
years, suggesting that there is a ‘lost generation’ of older adult patients [Trefz et al 2015].

Even those adult patients who remain in follow up do not have their neurocognitive performance
closely monitored and there is no patient registry scrutinising adult clinical outcome in the UK. Trefz
et al [Trefz et al 2015] reported that across Europe, only 26 % of health care professionals routinely
perform neurocognitive testing in adult patients. Thereby medics, psychiatrists, and psychologists
are unlikely to be aware of the full extent of neuropsychiatric comorbidities associated with this
disorder.

[References received but not reproduced in this table]
WHAT IS KNOWN ABOUT CLINICAL OUTCOME IN ADULT PATIENTS?

+ Evidence from a systematic review demonstrates that significant sub-optimal outcomes
exist in early treated adults with PKU. High blood phenylalanine levels lead to both acute
and chronic neuropsychiatric symptoms. NICE suggest that these symptoms are
reversible with dietary treatment, but the evidence clearly shows that the majority of
patients with PKU cannot sustain dietary treatment and maintain blood phenylalanine
levels below 600 umol/L, so dietary treatment alone is not adequate to reverse and
prevent recurrence of symptoms long term. Patients who have better outcome generally
have achieved blood phenylalanine control within treatment guidelines throughout their
life.

+ Impairment in psychiatric, behavioural, and neurocognitive function often reflect the timing,
duration, and intensity of phenylalanine exposure. There is wide variability/heterogeneity
between individuals. It is unknown if dietary treatment alone can lead to a full remission in
psychiatric iliness.

*  Some adults have low 1Q due to poor phenylalanine control in childhood — therefore
neurological damage is permanent. There is much evidence to suggest that the inability to
sustain good metabolic control in childhood is associated with a decline in IQ score and
executive function and will have a negative influence in adulthood (Jahja et al. 2017; Koch

N I C E National Institute for
Health and Care Excellence

NICE Response

Please respond to each comment
from sapropterin because of fewer symptoms related to
raised phenylalanine levels, without having to follow the
protein-restricted diet as strictly. However, these benefits are
included in the economic modelling. Also, in adults the
weight-based dose together with the higher average mg/kg
dose results in costs that are considerably higher than in
children, but the benefits are not correspondingly higher for
adults. Even taking into account any uncaptured benefits in
adults, the cost-effectiveness estimates are substantially
higher than what NICE considers an acceptable use of NHS
resources. So, it is not recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD.
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et al. 2002; Waisbren et al. 1980). For example, Jaha et al 2017 showed that high blood

phenylalanine levels in childhood, affect adult cognitive flexibility, executive motor control,
executive function in daily life and adult mental health. Weglage (2013) also showed that
high blood phenylalanine levels in childhood and adolescence were related to poorer 1Q,

information processing and attention in adulthood. Lower IQ lessens the patient ability to
manage a low phenylalanine diet. Low 1Q is linked with social disadvantage (low paid job,
living in poverty), which in turn lessens the ability to apply the stringent dietary treatment.

[References received but not reproduced in this table]

* Feldmen et al 2019 showed that older adult patients (> 42 years) with PKU showed poorer
information processing and attention compared to young adult patients (< 42 years) and
controls. 1Q was significantly correlated to blood phenylalanine levels in patients”
childhood and adolescence, and phenylalanine levels had been higher in the adolescent
years of older adult patients.

[Reference received but not reproduced in this table]

* Many studies have shown PKU patients had significantly worse test results in memory,
problem-solving skills, and strategy (Christ et al. 2010, Jahja et al. 2017, Bartus 2018).
There is no evidence to show that this improves with time.

[References received but not reproduced in this table]

« There are a small but increasing number of case reports in recent years that provide
evidence that some adult PKU patients develop severe neurological symptoms in later
adulthood (see the first part of Table 4- for information about case studies in the literature).
Some of these cases are from the UK. They demonstrate that severe decline in
neurological function occurs despite relatively normal function for a substantial period.
They demonstrate the vulnerability of the brain to high phenylalanine levels. It is possible
that there are many similar cases, but they remain unreported by clinics. Not all symptoms
have reversed on dietary treatment. Also, authors generally do not report the longer-term
outcome of these cases.

[References received but not reproduced in this table]
* There is widespread white matter compromise in individuals with PKU, which is
exacerbated by increasing age. Hawks Z, Hood AM, Lerman-Sinkoff DB, Shimony JS,
Rutlin J, Lagoni D, Grange DK, White DA. White and gray matter brain development in
children and young adults with phenylketonuria. Neuroimage Clin. 2019;23:101916

+ It has been observed that serotonin and to a lesser extent dopamine metabolites are
reduced in adult PKU patients and correlate with specific gray matter atrophy patterns.
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Please insert each new comment in a new row
[Reference received but not reproduced in this table]

* Arange of anxiety disorders, including generalized anxiety, panic disorder, specific
phobias, and obsessive-compulsive disorder have been reported in PKU and have been
associated with low serotonin in the brain in adults with PKU. Rates of depression are
considered higher in adults with PKU than the general population. Recent data from the
adult PKU clinic in Manchester showed that approximately 75% of the clinic population
(n=244) had a 2-year average blood phenylalanine level of >600 pmol/l and this group
were more likely to have a diagnosis of low mood, depression, anxiety or mood swings,
but only low mood reached statistical significance (p < 0.05). They suggested that many
adult PKU patients may be lost to follow up, and therefore may be receiving treatment for
mental health conditions in the community. Ford et al 2018, reported that in >300 adult
patients with PKU from the UK, that 40%, (n=131/331) used antidepressants and 18%
(n=60/334) used anxiolytics.

[References received but not reproduced in this table]

+ Table 4 demonstrates the recent wealth of studies and care reports that have reported on
clinical outcome in adult patients with PKU

[Table 4 and the associated references received but not reproduced in this table]
UNTREATED ADULTS WITH PKU AND INEQUALITY OF ACCESS TO TREATMENT

Previously untreated adults with PKU should also be considered for sapropterin treatment. There
are many late diagnosed and untreated patients with PKU who were either born prior to newborn
screening, failed newborn screening in the 1960’s or have immigrated from countries without
newborn screening or treatment. Untreated patients with severe intellectual disability and
challenging behavioural problems have high support needs, and some may live in social care
homes or with very elderly relatives. Interventions to lower blood phenylalanine levels may be
beneficial. There is evidence from case studies and cohort studies that dietary treatment may
reduce aggressive behaviour, self-injury, hyperactivity, restlessness, irritability, sleep disorders,
and anxiety. It improves mood, social interactions, verbal communication, and daily living skills. It
also improves attention span, alertness, short-term memory processes, motor skills, seizures,
spasticity, and tremors. It will reduce nursing time, use of sedatives, anti-psychotic,
anticonvulsants; it will also improve eczema and body odour. Unfortunately, many care homes are
unable to cope with dietary treatment due to the time it takes to prepare suitable food and
supervise that it is given appropriately. This vulnerable group of patients should be given equal
opportunity to see if they are sapropterin responders as this treatment could improve their quality of
life considerably without the need for strict dietary treatment. It will also ease the burden of care on
health and care services.

[References received but not reproduced in this table]
MATERNAL PKU AND EVIDENCE TO SUPPORT THE NEED FOR SAPROPTERIN DURING
PRE-CONCEPTION AND POST NATALLY

National Institute for

NICE

NICE Response
Please respond to each comment

Comments noted. The committee considered responses
received on this issue and comments made at the committee
meeting, and the guidance document has been updated.
Adults may still gain considerable benefit from sapropterin
because of fewer symptoms related to raised phenylalanine
levels, without having to follow the protein-restricted diet as
strictly. However, these benefits are included in the economic
modelling. Also, in adults the weight-based dose together with
the higher average mg/kg dose results in costs that are
considerably higher than in children, but the benefits are not
correspondingly higher for adults. Even taking into account
any uncaptured benefits in adults, the cost-effectiveness
estimates are substantially higher than what NICE considers
an acceptable use of NHS resources. So, it is not
recommended for adults aged over 21.

See sections 3.1, 3.2, 3.6, 3.13, 3.23, 3.29, 3.30, 3.34, 3.35,
3.36 and 3.38 of the FAD

Comments noted. The committee considered these
responses and comments made at the committee meeting,
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Achieving a healthy pregnancy outcome in women with PKU is strongly influenced by their
blood phenylalanine control throughout pregnancy as well as their health status and diet.

High blood phenylalanine levels during pregnancy have a teratogenic effect on the
developing foetus that causes growth retardation, microcephaly, intellectual disabilities,
and birth defects, including congenital heart defects (CHD). A summary of reported effects
of poor blood phenylalanine control in maternal PKU is given in table 5. Generally, the
longer blood phenylalanine levels are out of metabolic control, the worse the foetal
outcome. Control of maternal blood phenylalanine during pregnancy prevents most if not
all of these complications (Lenke and Levy 1980; Rohr et al. 1987; Koch et al. 2003).
Children born to mothers with PKU who attain satisfactory blood phenylalanine control
before pregnancy are comparable to the normal population.

It is recommended that woman with PKU should follow a strict low phenylalanine diet prior
to pregnancy/pre-conception as features of maternal PKU syndrome are preventable by
starting a low phenylalanine diet before conception. The time to reach stable and
acceptable blood phenylalanine concentrations varies between women. It is influenced by
personal conditions (organizational skills, 1Q, work conditions) and family support, which
will affect the ability to adhere to strict long-term diet.

Evidence has proven that sapropterin lowers blood phenylalanine in BH4 responsive
patients with PKU. Thereby, there is no reason why it should not lower blood
phenylalanine levels during the pre-conception period and pregnancy in BH4 responsive
women (see later discussion).

About half of pregnancies in maternal PKU in the UK are accidental. This is similar to
national figures for non PKU pregnancy. This means at the time of conception; maternal
blood phenylalanine levels are likely to be higher than target ranges. Furthermore, some
women may delay seeking advice once they know they are pregnant due to fear and guilt
leading to further delay before stringent diet therapy is commenced. Young women, those
with lower education and living on income support are the most vulnerable and are more
likely to experience accidental pregnancy. Furthermore, women with disability are less
likely to use reliable contraception and are particularly at risk (Holdsworth et al 2018).
[Reference received but not reproduced in this table]

Maternal delay in attainment of acceptable blood phenylalanine control is associated with
decline in their child’s developmental outcome/lQ score. Waisbren and Azen (2003)
conducted a prospective longitudinal study that assessed cognitive and behavioural
outcomes in children from women with PKU. Two hundred and twenty-eight children who
were born to mothers with treated PKU or untreated mild hyperphenylalaninemia were
compared with 70 control subjects at 7 years of age. They found that the children’s
cognitive outcome negatively correlated with the number of gestational weeks that
elapsed until maternal metabolic control was achieved. There was an increased risk of low

N I C E National Institute for
Health and Care Excellence

NICE Response

Please respond to each comment
and the guidance document has been updated.
Sapropterin is recommended as an option for treating
hyperphenylalaninaemia that responds to sapropterin in
people with phenylketonuria (PKU), only if they are pregnant
(from a positive pregnancy test until birth). Section 1.1 of the
FAD.
See also sections 3.3, 3.6, 3.19, 3.20, 3.24, 3.31, 3.37 of the
FAD.
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IQ in the children if the mother came from a lower socio-economic background and was
also unable to provide a stimulating early home environment. The postnatal environment
also significantly affected outcome. [Reference received but not reproduced in this table]

No.

* In a separate study, Waisbren followed up 57 children from 24 mothers with PKU. The
children ranged in age from 1 month to 26 years with 21 (62%) over 6 years. The mean 1Q
of children was 94, with 12% performing in the range of intellectual disability (IQ < 70).
Among children >5 years of age, 25% had learning disabilities, 31% had attention deficit
hyperactivity disorder (ADHD), 22% were on ADHD medication, and 34% had a diagnosis
of anxiety and/or depression. [Reference received but not reproduced in this table]

+  Widaman demonstrated a threshold effect of a mother's mean blood phenylalanine of 400
pmol/l in relationship to their child’s 1Q. With every further increase of 60 umol/l Phe, the
IQ decreased by 4.7 points in their infant. [Reference received but not reproduced in this
table]

* Inthe UK, there is no current registry describing child/foetal outcome following maternal
PKU pregnancy. However, in 2008, Maillot et al conducted a retrospective review of
outcomes in 105 children born to mothers with PKU in the UK. They found that 1Q and
developmental quotient (DQ) at age 1 and age 8 were higher in children whose mothers
started a low phenylalanine diet before pregnancy compared with those whose mothers
started the diet after pregnancy began, at a mean gestational age of 10 weeks. Starting
the diet before the beginning of pregnancy also reduced the risk of CHD (0% for the prior-
to-pregnancy diet group vs. 12.5% for the group initiating diet 10 weeks after pregnancy
began). Maillot F, Lilburn M, Baudin J, Morley DW, Lee PJ. Factors influencing outcomes
in the offspring of mothers with phenylketonuria during pregnancy: the importance of
variation in maternal blood phenylalanine. Am J Clin Nutr. 2008 Sep;88(3):700-5. There is
also evidence of other poor outcome of maternal PKU in the UK (see Table 5 for maternal
PKU studies describing outcome).

*  Poor maternal nutrition in pregnancy is also associated with worse outcome. Congenital
heart disease is higher when women are eating a poor quality diet particularly if they
consume a low protein, low fat and low vitamin B12 intake. The use of sapropterin will
increase the intake of these nutrients in BH4 responsive women. [Reference received but
not reproduced in this table]

*  Most women with maternal PKU find a strict low phenylalanine diet particularly difficult in
the pre-conception period. Some women even chose not to have children due to concern
and fear about their ability to cope with pregnancy. [Reference received but not
reproduced in this table]

+ Data from case studies (Table 5) suggests that sapropterin is safe in pregnancy and will

lower blood phenylalanine concentrations in sapropterin responsive women. Prescription
of sapropterin to responsive women in the pre-conception period may lessen the time
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required to achieve acceptable blood phenylalanine control prior to pregnancy. It should
help improve nutritional status. During pregnancy it should enable women to eat more
natural protein so they are less reliant on artificial nutrition; this should improve the quality
of blood nutrient supply available to the infant. In addition, administration of sapropterin in
combination with dietary treatment in the post-natal period may help women maintain
blood phenylalanine control within acceptable limits, assist women to sustain breast
feeding by helping them eat sufficient calories, and lessen any PKU related symptoms
due to poor metabolic control.

No.

* Thereis a current NHS policy that suggests that sapropterin can be prescribed only when
women demonstrate they are unable to achieve lower blood phenylalanine levels in
pregnancy. At this point women may be several weeks pregnant and no prior BH4
responsive test will have been conducted. This policy is only allowing sapropterin to be
being used as a type of ‘rescue therapy’ when the clinical situation is particularly difficult
and BH4 responsiveness has not been proven. This is inappropriate and this practice will
not demonstrate the full benefit of sapropterin. BH4 responsive women will gain most
benefit from sapropterin if it is used during the preconception phase enabling them to
cope better with their diet therapy as previously explained.

«  Sapropterin also has a role to place post pregnancy. Sapropterin given with a relaxed low
phenylalanine diet post pregnancy, may lead to improved maternal mood and ability to
cope with parenting leading to better outcome in children. Many women are unable to
sustain dietary treatment post pregnancy as they consider a low phenylalanine diet too
challenging when caring for their infant. In Waisbren'’s follow up study of maternal PKU
pregnancies, their school aged children were more likely to exhibit learning disabilities,
ADHD, or emotional and behavioural disturbances. Their mothers with PKU were more
likely to be depressed or anxious. The authors suggested that the environmental
circumstances, including the home environment, maternal depression and anxiety
contributed to the issues seen. In Waisbren’s study although many women perceived
themselves as functioning well in their daily life, 25% performed in the borderline
intellectual range. [Reference received but not reproduced in this table]

[Table 5 and the associated references received but not reproduced in this table]

68 British Dietetic COST EFFECTIVENESS MODEL Comments noted. The committee considered these
Association The following costs do not appear to have been factored in the cost of model used by NICE: responses and comments made at the committee meeting,
National Society and the guidance document has been updated. See sections
for Health care costs 3.13, 3.23, 3.24 of the FAD.

Phenylketonuria
. Cost of any medications such as anti-depressants, ADHD medications, laxatives with diet
treated patients with PKU.
»  Cost of medical care of co-morbidities — particularly costs of psychiatric, psychology or
counselling costs.
* Increased dietetic and health professional costs associated with extra time necessary for
counselling when poor metabolic control occurs in patients with PKU.
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»  Costs of maternal PKU (costs of obstetric care, foetal scans, anti-vomiting medications,
maternal hospital admissions, infant cardiac care).
«  Costs of nursing time in late treated patients with PKU in care homes.

Community costs

Cost of GP visits

Cost of social services involvement with poor blood phenylalanine.

Cost of additional education in schools or university.

Costs of extra educational needs of children of women with poorly controlled maternal
PKU

Patient costs
*  Loss of earnings through time spent managing the diet.
Society costs

*  Loss of work productivity
DOSE OF SAPROPTERIN
The dose of sapropterin should be an average of 10 mg/kg as patients may need from 5 to 20
mg/kg. Although a maximum dose of 0 mg/kg will be satisfactory for many, there should be the
ability to prescribe to a maximum of 20 mg/kg in the patients who benefit from this.

N I C E National Institute for
Health and Care Excellence

NICE Response
Please respond to each comment

Comments noted. The committee considered these
responses and comments made during the committee
meeting, and the guidance document has been updated.

The dose for children can be increased above the starting
dose of 10 mg/kg, only if target blood phenylalanine levels are
not achieved at a dose of 10 mg/kg. So, it is recommended
for treating PKU in people under 18, normally at a dose of 10
mg/kg. See sections 1.1, 3.11, 3.21, 3.28, 3.30 of the FAD.
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Please read the checklist for submitting comments at the end of this form.
We cannot accept forms that are not filled in correctly.

The Appraisal Committee is interested in receiving comments on the
following:
¢ has all of the relevant evidence been taken into account?
e are the summaries of clinical and cost effectiveness reasonable
interpretations of the evidence?
e are the provisional recommendations sound and a suitable basis for
guidance to the NHS?

NICE is committed to promoting equality of opportunity, eliminating
unlawful discrimination and fostering good relations between people with
particular protected characteristics and others. Please let us know if you
think that the preliminary recommendations may need changing in order to
meet these aims. In particular, please tell us if the preliminary
recommendations:
e could have a different impact on people protected by the equality
legislation than on the wider population, for example by making it more
difficult in practice for a specific group to access the technology;

e could have any adverse impact on people with a particular disability or
disabilities.

Please provide any relevant information or data you have regarding such
impacts and how they could be avoided or reduced.

Organisation name
— Stakeholder or
respondent (if you
are responding as an
individual rather than
a registered
stakeholder please
leave blank):

[BioMarin International Limited]

Disclosure

Please disclose any
past or current, direct
or indirect links to, or
funding from, the
tobacco industry.

[No past, present direct or indirect link or funding from the tobacco
industry]

Name of
commentator
person completing
form:

Comme
nt
number

Comments

Insert each comment in a new row.

Do not paste other tables into this table, because your comments could get lost — type direcitly into this table.
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In regard to the recommendation of sapropterin limited only to phenylketonuria (PKU) patients that are
under 18 years of age, BioMarin (the Company) would like to state that all PKU patients, responding to
treatment, could benefit from the sapropterin treatment. The health economic model that the company
provided, indicates that for patients, below 18 years old, who start treatment and remain for lifetime,
sapropterin is a cost-effective treatment in comparison to the standard of care when considering NICE'’s
cost effectiveness thresholds. This finding is further confirmed in the new decision tree model that was
submitted to the committee. The Company believes that this should be the correct interpretation of the
data carried through into the policy.

In page 3, the appraisal consultation document states that “there is no clinical trial or registry evidence
to show whether sapropterin reduces the need for a protein-restricted diet or how it affects quality of
life”.

The Company would like to state again that there are numerous publications showing that sapropterin
treatment contributes to the decrease of the use of protein supplements. A list of relevant references
follows in support to the Company’s argument:

e Yilmaz O, Quintana A, Rossi A, Dam E, Ozel H, Rocha J, et al. Use of Special Medical Foods
with Sapropterin in PKU, ESPKU conference 2018 (cross sectional survey)

e Scala, I, Concolino, D., Casa, R.D. et al. Long-term follow-up of patients with phenylketonuria
treated with tetrahydrobiopterin: a seven years’ experience. Orphanet J Rare Dis 10, 14 (2015).
https://doi.org/10.1186/s13023-015-0227-8 (no-profit open-label interventional trial)

e Thiele AG, Weigel JF, Ziesch B, Rohde C, Mitze U, Ceglarek U, Thiery J, Miller AS, Kiess W,
Beblo S. Nutritional Changes and Micronutrient Supply in Patients with Phenylketonuria Under
Therapy  with  Tetrahydrobiopterin  (BH(4)). JIMD Rep. 2013;9:31-40. doi:
10.1007/8904_2012_176. Epub 2012 Oct 17. PMID: 23430545; PMCID: PMC3565664. (open-
label interventional trial)

e Singh, R.H., Quirk, M.E., Douglas, T.D. et al. BH4 therapy impacts the nutrition status and
intake in children with phenylketonuria: 2-year follow-up. J Inherit Metab Dis 33, 689-695
(2010). https://doi.org/10.1007/s10545-010-9224-1 (open-label interventional trial)

e Burlina A, Blau N. Effect of BH(4) supplementation on phenylalanine tolerance. J Inherit Metab
Dis. 2009 Feb;32(1):40-5. doi: 10.1007/s10545-008-0947-1. Epub 2008 Dec 9. PMID:
19067227. (retrospective clinical study)

Furthermore, the long-term PKU registries, KAMPER in Europe and PKUDOS in the US, also shows
that patients receiving sapropterin experience decrease in their blood phenylalanine (Phe) levels while
their natural protein intake increases. (Muntau A, Lagler F, Feillet F, Alm J, Burlina A, Belanger-
Quintana A, et al. Seventh Interim Analysis of the Kuvan® Adult Maternal Paediatric European Registry
(KAMPER): Interim Results in Phenylketonuria Patients. Poster.; 2017, Longo N, Arnold GL, Pridjian G,
Enns GM, Ficicioglu C, Parker S, et al. Long-term safety and efficacy of sapropterin: The PKUDOS
registry experience. Mol Genet Metab. 2015;114(4):557-63).

The above data has been corroborated by a panel of UK clinical experts that supported a minimum of
50% reduction in the use of protein supplements, potentially reaching 100% in highly responsive
patients.

In page 4, the ACD states that “the dose of sapropterin is based on weight”, the Company would like to
clarify that it is the total daily dose that is based on weight. The dose per kg for a patient will not be
affected if their weight is higher, all patients would remain on the same dose, i.e. 10 mg/kg regardless if
they weight 20 or 70 kgs. It is the total daily dose that would increase.

In pages 4 and 21, the ACD states that “there is not enough evidence on how sapropterin might be
used to prevent harm to the unborn child in women with PKU who are pregnant or trying to conceive”
and “avoiding harm to the developing foetus was clearly important, and the committee welcomes

Please return to: NICE DOCS
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comments and further evidence on the potential use of sapropterin in women with PKU of childbearing
age, or those planning pregnancy, to prevent harm to the unborn child”, respectively.

The Company would like to clarify that the number of maternal PKU patients, if they are to be included
in the policy, will be small. UK clinical experts estimate that there are approximately 50 to 60 PKU
pregnancies per annum in the whole of UK. Of these pregnancies, it is estimated that the number of
pregnant patients who will be in clinic and responsive is approximately 10 per annum. These patients
might also require sapropterin treatment only for 6 to 9 months. The UK clinical experts have also
confirmed that Phe tolerance increases as the foetus grows and starts to metabolise Phe itself which
enables mothers to take more natural protein. In comparison to the life-time costs that would be
associated with managing a child with PKU Syndrome, offering the option of sapropterin to pregnant
PKU patients would result in negligible overall budget impact.

Furthermore, the Company would like to provide further evidence to confirm that sapropterin is
associated with the same benefits in terms of reduction in blood Phe levels and increased dietary Phe
intake in the maternal PKU population as in the overall PKU population. PKUMOMS, the PKU in the
Maternal Phenylketonuria Observational Program is a sub- registry of PKUDOS with two data cuts, in
June 2013 and December 2018.

The June 2013 data-cut of the PKU-MOMS sub-registry contained data from 21 pregnancies in women
with PKU, five of whom were treated with sapropterin before pregnancy (but not during pregnancy), and
16 of whom were treated with sapropterin during pregnancy. Excluding data for spontaneous abortions
(n = 4), the data show that the mean of the median blood Phe levels (204.7, SD: 126.6 ymol/L; n = 14)
for women treated with sapropterin during pregnancy was 23% lower and had a 58% smaller standard
deviation compared with the blood Phe (267.4, SD: 300.7 ymol/L; n = 3) for women who were not
treated with sapropterin during pregnancy (i.e. treated prior to pregnancy group). Women on
sapropterin during pregnancy experienced fewer blood Phe values above 360 pmol/L. When median
blood Phe concentration was < 360 pmol/L throughout pregnancy, 75% (12/16) of pregnancy outcomes
were normal versus 40% (2/5) of pregnancy outcomes when the median blood Phe was > 360 umol/L.

Grange et al. 2014, publication from PKU-MOMS, clearly shows that sapropterin during pregnancy
leads to better Phe control. (Grange 2013)

The December 2018 data-cut of the PKU-MOMS sub-registry included data from ** women reporting **
pregnancies (several patients remained in the study throughout multiple pregnancies) with a mean
sapropterin exposure during pregnancy of
]

B BioMarin, data on file). The mean

apropterin dose was mg/kg/day prior to pregnanc ), [l mg/kg/day during pregnancy
(*), and [l mg/kg/day after pregnanc ). Mean blood Phe was ML
( ) prior to pregnancy,-ﬁ pumol/L during the 1st trimester, | umol/L ( )

during the 2nd trimester, and jJi§ ymol/L ) during the 3rd trimester.

The following birth outcome data were available for the December 2018 data-cut (reported as adverse
event data):
o Of - pregnancies which ended in spontaneous abortion, . had at least one episode of
maternal blood Phe > 360 pmol/L recorded during pregnancy.
Of pregnancies with birth outcome data available,
ere reported as abnormal.

were reported as normal and

At the January 2017 data-cut of KAMPER, ] women participated in the KAMPER maternal sub-
registry, with a total of ] pregnancies being reported ( ). Of the |}
pregnancies with available data, all ] resulted in full term live birth deliveries, with all infant conditions
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at birth reported as normal.

At the January 2019 data-cut of KAMPER, data from | S << available. The
mean age at delivery was ||} () y<2rs. The sapropterin dose was constant prior
to, during, and after pregnancy, with a median dose of ] mg/kg/day; the mean duration of exposure
during pregnancy was days (JJll}). Maternal blood Phe concentrations were either within the
clinical range (| or high (| ) during the 1st trimester of pregnancy,
were within the clinical range (n = i) during the 2nd trimester, and were either within the clinical range
(n =) or low (< 120 umol/L, n = [lf) during the 3rd trimester.

Furthermore, additional publications including, Feillet 2014 and Nyuzuki 2019 further state that
sapropterin use in pregnant woman leads to better blood Phe control and increased Phe tolerance.
Feillet 2014 also reported the offspring of the seven pregnancies were all normal babies with normal
birth measurements and outcomes. Nyuzuki 2019 reported normal growth and development of the child
confirming the efficacy and safety of sapropterin in maternal PKU. International best practice guideline
(Muntau 2019), also recommends sapropterin response testing for pregnant woman with PKU.

In page 5, the ACD states that “childhood is the most critical period for brain development”. The
Company would like to state that brain development continues up to the age of 25 (which is also stated
in page 6 of the consultation document), thus adolescence and early adulthood are also critical periods
for brain development, education and social development. Furthermore, it has been widely
demonstrated that adolescence and early adulthood are periods when Phe control becomes
problematic.

In page 6, the ACD states that “Clinical experts estimated that 10% to 20% of patients struggle to
maintain control of blood Phe levels”. The Company would like to present data from Walter 2002
publication which show that adherence to a Phe-restricted diet is extremely challenging with as many
as 75% of adolescents being unable to keep their blood Phe levels within the recommended target
range. (Walter 2002) A similar observation from the US shows that Phe levels increase as age
increases. This assessment of current management by Jurecki et al. included PKU clinics across the
US in 2015 covering approximately 50% of PKU patients followed in clinics in the US showed that 12%
of patients aged 0-4 years old had Phe levels higher than 360 umol/L, 29% of patients aged 5-12 years
old had Phe levels higher than 360 umol/L and 40% of patients aged 13-17 years old had Phe levels
higher than 360 pmol/L.

In page 6, the ACD states that “good control of blood Phe levels (below 200 micromols per litre) should
be maintained if possible, but there are no strict guidelines or target Phe levels used in clinical
practice”. However, it is clearly stated in the 2017 EU Guidelines that pregnant PKU patients should
maintain their Phe levels between 120 to 360 micromol/L (van Spronsen 2017) and UK clinical experts
follow the European PKU guidelines.

In pages 17 and 18, the ACD states that “the model time horizon is not long enough to capture long-
term brain damage in people with PKU and the model is not appropriate to capture the effects of PKU
in pregnancy”. The Company would like to state that owing to the teratogenic effects on children born to
mothers with PKU, the model included an additional utility gain of ] that sapropterin can potentially
bring. This was presented to the Committee in the new decision tree model.

In page 19, the ACD states that “the ERG advised that the utility reductions may be double counted,
because the reductions were already captured for different PKU symptom states”. The Company would
like to clarify that utility reductions have not been double counted. The health state vignettes that were
presented to the general population in Sweden and clinical experts in England, did not include a
description for intellectual disability and 1Q deficits, hence inclusion of these in the decision tree model
is not double counting.

10

In page 19, the ACD states that “the ERG did acknowledge that increased blood Phe levels can harm
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the unborn child, but the extent of lost utility is unclear, as is the effect of sapropterin on that utility loss”.
The Company will like to recount 2 publications, Lenke et al. 1980 and Koch et al. 2003. High Phe
concentration in PKU mothers crosses the placenta by active transport, resulting in 70% to 80%
increased foetal concentration of Phe compared with maternal concentration. Elevated Phe is toxic and
teratogenic to a developing foetus. Women of child-bearing age with high Phe during and before
pregnancy leads to an increased risk of spontaneous miscarriage (24%), intrauterine growth retardation
(40%), microcephaly (73%), global developmental delays (92%), and congenital heart defects (12%) in
their offspring.

These risk of teratogenic effects in offspring, can be potentially reduced by sapropterin use pre-
conception and during pregnancy [Feillet 2014 and Nyuzuki 2019]. The decision tree model used an
increase in utility of ] to address this reduced long-term risk of abnormalities to the child.

11

In page 21, the ACD states that “the committee concluded that escalation above the dose of 10 mg/kg
for children and 12.5 mg/kg for adults would have a significant effect on the cost effectiveness of the
treatment”. The Company will like to state that in the ERG model that was presented to the committee,
dose escalation from 10 mg/kg to 12.7 mg/kg had limited impact. The results are presented in the table
below:

Mean Mean Reduction Incremental Annual ST QALY ICER per

Age dosage cost per | in daily PRD daily cost incremental severit incremental | QALY
g day cost v cost ¥ gain gained
B 0+ [ Bl | vid 0.130 |
U |01 |EEEE || DO (o |
0-3 B 0+ [ Bl [seee 0145 |
years B 0+ [ Bl | vid 0.130 |
o™ | |e01e  |EEEED | |V o1 |

£20.14 Severe 0.145

[ H |
B 242 [ B | vid 0.130 |
ST |2 |EEE || [0a | NN
0-17 B 242 B Bl [seee 0145 ||
years B 242 [ B v 0.130 |
e | (2o |EEEE ||V o1 | NN
- £22.41 - - Severe 0.145 -

Furthermore, the new decision tree model submitted by the Company to the committee, the ICERs
were:

Subgr Mean Mean Reduction Incremental Annual Symptom QALY ICER per
oups dosage( | cost in daily | daily cost incremental severity increment | QALY
mg/kg/d | per day | PRD cost cost level al gain gained
ay)
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03 [127mg || | f0.02 || | ] Mild 0.77 | ]
years | /kg [ | c0.02 || ] Moderate | 0.82 |
TN | 002 | ] | ] Severe 0.88 | ]
017 | 127mg || | 0.02 || ] Mild 0.77 |
years | /kg [ | c0.02 || ] Moderate | 0.82 |
- £0.02 - - Severe 0.88 -

Thus, the dose increase to 12.7 mg/kg has shown limited impact on ICER for <18-year olds.
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transparency, and to promote understanding of how recommendations are developed. The
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There are 3 questions that are asked:

1. Has all the relevant evidence been taken into account?

2. Are the summaries of clinical and cost effectiveness reasonable interpretations of the
evidence?

3. Are there any aspects of the recommendations that need particular consideration, to

avoid unlawful discrimination?

The document recommendations fall short of fulfilling these questions. On the basis of
unlawful discrimination stopping any drug at 18 years of age is detrimental to a person’s
wellbeing and coercive. This recommendation shows a complete lack and disregard of
any understanding towards the treatment of phenylketonuria (PKU). The committee
making these recommendations have neglected the relevant evidence for those adults at

18 years or older.

This decision will have a devasting impact on a young person it potentially will ruin their
life chances, as sustaining a restricted diet after 18 is not feasible or sustainable and the
reasoning made by NICE flawed. There is agreement that sapropterin is clinically
appropriate, effective and beneficial for people with PKU that respond to sapropterin;

why should this benefit be stopped at 18 years of age when treatment is for life.

There is evidence to refute the statement ‘the dose of sapropterin is based on weight so
costs are higher for adults than children but there is no extra increase in quality of life to
offset these costs.” Yes, it is true costs are lower for children, but to make a statement that
it can be withdrawn as it has not benefit to quality of life (QoL) is short sighted. There is
overwhelming evidence to suggest the contrary, irreversible brain damage is avoided for
all children if treatment is started on time. However, the pathology for brain dysfunction

continues throughout life, with evidence [1] showing higher blood phenylalanine



concentrations are responsible for neurocognitive delay, which impacts on the quality of
life. Adults non-compliant to diet therapy have a range of neurological, psychosocial, and
physical dysfunctions. This evidence cannot be ignored, dismissed or compared to a price

tag.

Has all the relevant evidence been taken into account?

Evidence for poor dietary adherence leading to high blood phenylalanine

concentrations and sub optimal neurocognition. (Table 1 and 2)

1. Sapropterin is only available as an adjunctive therapy for 20 to 30 % of the UK
PKU population. The majority of patients have no alternative choice. Limiting drug
therapy for those with a choice is unfair.

2. Sapropterin as NICE have stated reduces blood phenylalanine concentrations
allowing a less restricted diet, and the benefits of lower blood phenylalanine are
reducing neurocognitive damage, with evidence showing higher blood
phenylalanine concentrations lead to decreased neurocognition

3. Without sapropterin diet therapy is rigorous, restrictive and lifelong. There is
compelling evidence that compliance, together with increased phenylalanine
concentrations deteriorates with age.

4. Dietary treatment is strict and demanding, mild cognitive abnormalities are
recognised from a young age and these affect QoL of patients and families. Bosch
et al 2015 [2] describes the treatment of sapropterin compared to dietary
treatment alone, with adults being less aggressive and improve cognition, with
less social impact and greater dietary freedom.

5. Although the early initiation of dietary treatment prevents the most severe
psychiatric and neurological symptoms, especially intellectual disability;
behavioural and emotional problems are still described in many continuously
treated children and adolescents.

6. The impairment of these mental processes leads to inattention, hyperactivity and
impulsiveness in early treated PKU children. Other behaviours have been cited
such as anxiety, phobias, depression, social isolation and psychosomatic

difficulties.



7.

10.

11.

12

13.

Less adherence to treatment with consequent higher blood phenylalanine
concentrations are partially responsible for these neuropsychological symptoms

There is evidence to suggest mild intellectual disability (albeit not as severe as
untreated PKU subjects) is found in early treated PKU children and continues
lifelong.

There are several studies all showing behaviour and emotional problems in early
treated children and adolescents have been reported (Vieira 2018). Parents report
attention problems and hyperactivity with nonadherent to treatment and
intellectually low performing patients with PKU.

The proposed mechanisms for these impairments include dopamine depletion
and white matter pathology. Neuroimaging studies demonstrate high signal
intensity in the periventricular while matter observed in PKU patients. Research
shows that this pathology is associated with metabolic control and possibly only
reversed with a strict low phenylalanine diet [1, 3]

Brumm et al [4]shows psychiatric and psychological problems are well
documented across the lifespan of early treated PKU patients. Common problems:
attention deficient, poor school performance, low achievement motivation,
decreased social competence, lower autonomy and self-esteem. Moving into
adulthood, despite early treatment these issues continue: low self-esteem, a lack
of autonomy, depression, anxiety, phobias, decreased positive emotions,
immature social skills and social isolation. The correlation between the level of
metabolic control and severity of symptoms suggests a biological basis of

psychiatric dysfunction.

. Although it is difficult to quantify, additional psychosocial factors such as the

burden of living with a chronic disorder may contribute to psychological and
psychiatric outcome in PKU [5, 6].

Treatment is the same for those at all ages and therefore, cannot be discriminated
on the basis of age. The practicality of sustaining treatment becomes more difficult
and almost impossible for many with PKU. To remove a drug treatment at any age

is subjecting this group of patients to a deterioration in neurocognition.



The evidence from studies in table 1 and 2 are overwhelming in their findings
a) dietary adherence decreases over time
b) phenylalanine concentrations deteriorate over time
c) neurological damage is continuous increasing with higher blood phenylalanine
concentrations
d) quality of life due to neurological dysfunction is detrimental to the patient and

family

Neurological damage is a constant clinical concern, with a proven pathology. This damage
increases with poor metabolic control which is more likely in those over the age of 10
years with many adults unable to sustain dietary treatment and the required low blood

phenylalanine concentrations within the target therapeutic range.

It would be unethical to withdraw treatment at any age, if it is beneficial. There is a large
body of evidence which has been disregarded. To state that the quality of life will not be
further enhanced after 18 years of age is factually wrong. In all the other countries using
sapropterin, withdrawing treatment, has never been considered a viable or ethical policy.
The evidence from NICE shows that those taking sapropterin can achieve target blood
phenylalanine concentrations avoiding the consequences of damaging higher blood
phenylalanine levels. NICE acknowledge lower IQ scores and neuropsychological
impairments are present in PKU patients, therefore, to stop treatment at 18 years would

lead inevitably lead to a deterioration in mental wellbeing and quality of living.

To make the statement there is no risk of long term brain damage in adults is completely
misguided and unsubstantiated, the evidence from Table land 2 repeatedly shows
nonadherence to diet, becomes harder with age, and the majority of teenagers and adults
have phenylalanine concentrations outside the therapeutic range with evidence based

research to show brain damage is continuous impacting life choices.

Routine monitoring of emotional and behavioural and psychosocial symptoms in

individuals with PKU is necessary together with longitudinal studies to evaluate the



impact of new and emerging therapies. These reported clinical findings have a significant

lifelong impact on the quality of life and social status of patients.

On behalf of the British Inherited Metabolic Disease -Dietitians Group, we strongly
recommend the evidence is reappraised in the light of peer review publications. Any
treatment that can reduce blood phenylalanine concentrations prevents long term brain

deterioration, and the associating insidious detriments to daily living.

Yours sincerely

(Chair BIMDG-DG group)
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Table 1. Peer review evidence summarising poor dietary adherence and
quality of life cognitive impact

Feldmann 2019

Vieira 2017

Didycz 2017

Jurecki 2017

Bosch 2015

Neurocognitive functioning in adults with phenylketonuria: Report of
a 10 year follow up

35 patients with early treated PKU 29-51 years. 1Q was significantly
correlated to blood phenylalanine levels in childhood and adolescence,
cognition did not seem to deteriorate over a 10 year follow up period, but
neuropsychological assessment in adults with PKU showed neurocognitive

impairment particularly in older adult patients.

Quality fo life and adherence to treatment in early treated Brazilian
phenylketonuria pediatric patients

Peds QL scores lower in PKU treated children. The harmful consequences for
intellectual capacity caused by poor adherence to dietary treatment could
explain the observed decrease in all HRQoL scales, particularly in school

functioning.

Blood phenylalanine instability strongly correlates with anxiety in
phenylketonuria

25 PKU non-compliant adolescent study demonstrated significant correlations

with anxiety and variability of blood phenylalanine concentrations.

Adherence to clinical recommendations among patients with
phenylketonuria in United States

Adherence to recommend phenylalanine concentrations remains suboptimal
especially in older patients. There is a need to reduce the number of patients lost

to follow up

Assessment of the impact of phenylketonuria and its treatment on
quality of life patients and parents from seven European countries

This study collected a large amount of data from 559 subjects (92 children, 110
adolecents,104 adults) and 253 parents. Good HRQoL was shown, but negative
impacts of PKU on a patients life included the emotional impact of PKU and

its management



Sharman 2013

Thimm 2013

MacDonald 2012

Di Ciommo 2012

Ahring 2011

MacDonald 2010

Van Spronsen 2010

Qualitative analysis of factors affecting adherence to the
phenylketonuria diet in adolescents

Importance of strict dietary adherence in preventing intellectual impairment
is recognised, but apathy and nonadherence from diet are more common in

adolescence and normal development is jeopardised

Health related quality of life in children and adolescents with
phenylketonuria: unimpaired HRQoL in patients but feared school
failure in parents

Adherence to optimal blood phenylalanine deteriorated with age
Positive correlation between poor metabolic control and behaviour identified

by patients

Adherence issues in inherited metabolic disorders treated by low
natural protein diets

Commonly described dietary adherence deteriorates from 10 years,
multifactorial reasons: transfer of responsibility, complexity of diet,

neuropsychological impairment

Living with phenylketonuria from the point of view of children,
adolescents and young adults: a qualitative study

Recognised the associated challenges for personal and social life. Adherence
to a strict regimen, fear of stigmatisation and social isolation during which

food is shared

Blood phenylalanine control in phenylketonuria: a survey across 10
European centres

Blood phenylalanine control deteriorated with age.

The reality of dietary compliance in the management of
phenylketonuria

Recognises phenylalanine concentrations greater than optimal treatment target
ranges in teenagers and adults showing inadequate compliance. It is established

significant noncompliance occurs in the treatment of PKU in this age group.

Phenylketonuria: a 21st century perspective
Neuropsychological deficits continue despite treatment

Quality of life, nutritional status and psychosocial outcome could be improved



Enns 2010

Bik-Multanowski
2008

Bilginsoy 2005

Weglage 1992

Walter 2004

Suboptimal outcomes in patients with PKU treated early with diet
alone: revisiting the evidence

Reviewed the PKU literature since 2000, important issues need to be
revisited growing body of evidence that suggests neurocognitive,
psychosocial, quality of life, growth, nutrition, bone pathology and maternal
PKU outcomes are suboptimal

Discontinuation of diet therapy in adults with PKU can lead to
neuropsychological abnormalities and emotional problems.

53 adults previously off dietary treatment, returned to diet and QoL assessments
made. Of 53 subjects only 29 managed a return to diet for at least 3 months, and
only 10 finished the study period. Problems with dietary treatment at work,
cost of prescription foods, poor knowledge regarding dietary treatment,

severe emotional distress were cited

Living with phenylketonuria: perspectives of patients and their
Sfamilies

Caregivers recognised the negative consequences of non compliance to
dietary treatment: difficulties included constraints on social life, food

preparation, record keeping

Psychological and social findings in adolescents with phenylketonuria
Retrospective study 34 early treated PKU adolescents and parents, several
psychometric tests. Results: less autonomy, negative evaluation of school
performance, less motivation, low frustration tolerance, negative self-
description, less extraversion and impulsiveness, a feeling not being healthy

and a higher dependency on family

Blood phenylalanine control in adolescents with phenylketonuria
From the age of 10 years there is a noticeable deterioration in blood

phenylalanine and dietary adherence



Table 2. Impact of dietary non-compliance on neuropsychology

Canton 2019

Burlina 2019

Pilotto 2019

Neuropsychological profile of children wit early and
continuously treated phenylketonuria: systematic review and

future approaches

Systematic review on cognitive outcome in children with early and
continuously treated PKU. Findings specific and central executive
impairment in children was suggested, but the precise cause

unknown

The neurological and psychological phenotype of adult
patients with early-treated phenylketonuria: A systematic

review

Systematic review over 18y, common signs tremor and hyperlexia.
Overall quality of life was good and comparable to control
populations, no incidence of psychiatric disease or social
difficulties. Neuroimaging showed brain abnormalities are present

in adults, clinical significance remains unclear

Cerebrospinal fluid biogenic amines depletion and brain

atrophy in adult patients with phenylketonuria

Review of 10 early treated adult PKU patients and 15 age matched
controls, plasma and cerebal spinal fluid was measured. Significant
negative correlations were found between brain neurotransmitters
and phenylalanine levels. Deficient biogenic amines lead to specific
brain atrophy in PKU patients. A more rigorous phenylalanine
control in adult PKU is necessary to prevent neurotransmitter

depletion and accelerated brain damage due to aging.



Gonzalez Garcia

2018

Didycz 2017

Waisbren 2017

Jahja 2017

Neuropsychological assessment among children and
adolescents with phenylketonuria and hyperphenylalainemia

and its relationship with plasma phenylalanine levels

26 subjects, diagnosed by new born screening, a trend was observed
with a reverse relationship between 1Q and concurrent phenylalanine
concentrations,median phenylalanine and phenylalanine: tyrosine
ratios. Negative relationship between executive functions and

concurrent phenylalanine values

Dynamics of hyperphenylalaninemia and intellectual outcome

in teenagers with phenylketonuria

Nonadherence to treatment is a common factor in older PKU patients.
This study reviewed the impact of blood phenylalanine fluctuations
on cognition in 32 PKU subjects. Over time metabolic control
deteriorated, there was a strong association between IQ verbal

scores and blood phenylalanine concentrations

Improved measurement of brain phenylalanine and tyrosine

related to neuropsychological functioning in phenylketonuria

9 PKU subjects, early treated had MRI and neuropsychological tests,
brain shows higher brain phenylalanine and lower tyrosine related to
poor function, these are useful biomarkers to identify brain

dysfunction

Cognitive profile and mental health in adult phenylketonuria:
A PKU-COBESO study

57 early treated adult PKU subjects with age matched controls had 1Q
subtests and executive function tests and adult self-report on mental
health problems. Adult subjects had lower I1Q and poorer
executive functions than controls, greater internalizing problems.
Those not treated with Kuvan had poorer outcome on some tests-

suggesting the benefit of Kuvan



Manti 2016

Leuzzi 2014

Castro 2012

Gentile 2010

Psychiatric disorders in adolescent and young adult patients

with phenylketonuria

Early treated PKU subjects show a higher-than-normal vulnerability

to psychiatric disorders.

Age related psychophysiological vulnerability to phenylalanine

in phenylketonuria

There is a vulnerability of a decrease in neurocognitive functions
related to phenylalanine control, suggesting a strict control in
adolescents is necessary. Neurocognitive and psychiatric problems in

adulthood remains a challenge

Relationships between phenylalanine levels, intelligence and

socioeconomic status of patients with phenylketonuria

This study assessed intelligence and its relationship with blood
phenylalanine concentrations and socioeconomic status in PKU after
6 and 12 years of treatment. Findings: control of phenylalanine
levels and higher socioeconomic status were associated with

higher 1Q
Psychosocial aspects of PKU: hidden disabiltes a review

Review article which concludes PKU is a disorder in which a less
than optimal psychosocial outcome arises from the cumulative
impact of relatively mild symptoms, studies show executive function
deficits in children and adults with early treated PKU contributing to
hidden disabilities. These hidden disabilities affect job performance,
social relationships and poor executive function planning and

organization together with reduced processing speed.



Waisbren 2007

Koch 2002

Hiiijbregts 2002

Phenylalanine blood levels and clinical outcomes in
phenylketonuria: a systematic literature review and meta-

analysis

Reviewing 40 studies in early treated PKU children 0-12 years, each
100umol/L increase in phenylalanine shows a 1.3 to 3.1 point
reduction in IQ. There is a significant correlation between IQ and

mean lifetime phenylalanine concentrations.
Phenylketonuria in adulthood: a collaborative study

USA collaborative study following 211 infants with PKU, at 30-35 y
73 were followed up. Subjects maintaining diet had fewer
problems compared to those who had discontinued diet- issues
reported off dietary treatment eczema, asthma, mental disorders,
headache, hyperactivity and hypoactivity. Lower intellectual and
achievement scores. Higher phenylalanine blood concentrations in
childhood and adulthood associated with more problems. Abnormal
MRI results were associated with higher brain phenylalanine

concentrations

Sustained attention and inhibition of cognitive interference in
treated phenylketonuria: associations with concurrent and

lifetime phenylalanine concentrations

Study using early and continuously treated PKU with age matched
controls. Blood phenylalanine > 360umol/L showed lower speed of
information processing, a lower ability to inhibit task induced
cognitive interference, less consistent performance and a stronger
decrease of performance over time. Those with phenylalanine
concentrations < 360 performed better. A strong relationship was

found between phenylalanine control and task performance



McDonnell 1998

Thompson 1990

A neurological evaluation of adult phenylketonuria in

Northern Ireland

Specific study on neurological status in 27 PKU adults. All non
compliant with diet. Abnormal neurological features found in 21/27
cases with significant visual evoked response delay. Periventricular
white matter abnormalities were observed in 5/12 who had MRI
scans, mean phenylalanine concentration 1224umol/L. Early treated

children have significant neurological morbidity in adulthood

Brain MRI changes in phenylketonuria. Associations with

dietary status

There is evidence that subtle neurological impairment remains
common in early treated subjects. This paper reports on a number of
overt neurological impairment with white matter abnormalities on
MRI. 34 subjects aged 8-33 y, 25 early treated, 9 late treated. Of the
total 34 subjects 32 showed abnormalities on MRI. In the early
treated group, the severity of the MRI changes were significantly
and independently associated with phenylalanine concentrations.
Animal studies show hyperphenylalaninaemia increases myelin
turnover in a dose dependent way. The effect of phenylalanine on

myelin is a lifelong problem to the CNS
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Please read the checklist for submitting comments at the end of this form.
We cannot accept forms that are not filled in correctly.

The Appraisal Committee is interested in receiving comments on the
following:
e has all of the relevant evidence been taken into account?
e are the summaries of clinical and cost effectiveness reasonable
interpretations of the evidence?
e are the provisional recommendations sound and a suitable basis for
guidance to the NHS?

NICE is committed to promoting equality of opportunity, eliminating unlawful
discrimination and fostering good relations between people with particular
protected characteristics and others. Please let us know if you think that the
preliminary recommendations may need changing in order to meet these
aims. In particular, please tell us if the preliminary recommendations:

e could have a different impact on people protected by the equality legislation
than on the wider population, for example by making it more difficult in
practice for a specific group to access the technology;

e could have any adverse impact on people with a particular disability or
disabilities.

Please provide any relevant information or data you have regarding such
impacts and how they could be avoided or reduced.
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Do not paste other tables into this table, because your comments could get lost — type directly into this
table.

1 At the RCP we have had three separate responses to this appraisal consultation document.

These are from the British inherited Metabolic Disease Society (BIMDG) and from two RCP Fellows:
an RCP recognised expert Dr Robin Lachmann who treats a significant number of these patients and
from Dr Emma Vardy who cares for patients with neurodegenerative disease in older age and is a
parent of a child with phenylketonuria (PKU).

The RCP endorses the view of the BIMDG but in addition would like to add the following points:

We have serious concerns about stopping sapropterin treatment at the age of 18 and recommend
that this is changed. The decision to recommend stopping sapropterin treatment at the age of 18
seems arbitrary and will coincide with a particularly vulnerable period in these young people’s lives.
We are very concerned that stopping Kuvan at the age of 18 will result in significant numbers of
young adults with PKU discontinuing diet. This transition period is already known to represents the
highest risk time for reduced compliance and becoming lost to treatment, for people with PKU.

There is some evidence that raised phenylalanine (Phe) may have a wider impact than just on brain
development with higher rates of depression and a wide range of other medical conditions. We
understand the need for cost effectiveness but note there is some evidence that suboptimal dietary
adherence is associated with poorer quality of life scores.

To ensure optimum outcomes by treating young people until neurodevelopment is completing, then
we recommend treating until at least the age of 25.

2 We have serious concerns that Sapropterin is not being offered as a first line treatment to women
with PKU.

There is a great deal of evidence concerning the teratogenic effects of Phe and the need for women
with PKU to obtain strict metabolic control throughout pregnancy. There should be no question of the
cost-effectiveness of sapropterin in this setting. Women with PKU who are planning pregnancy, and
the healthcare professionals looking after them need access to every means possible of maintaining
phenylalanine levels within the target range for pregnancy.

On Page 7 of the consultation the committee concluded that high blood Phe levels in pregnancy can
have harmful effects on the unborn child. Early control of Phe levels, ideally before conception, would
reduce the risks.

Data indicate clearly that use of Sapropterin in pregnancy is safe and prevents the maternal PKU
syndrome.

Consideration should also be given in the vulnerable period post-partum while mothers are adjusting
to caring for their children and managing a tightly restrictive diet is virtually impossible.

We suggest that all women of child-bearing age (14-45 years) are assessed for Sapropterin
responsiveness — and those who are responsive to be offered Sapropterin as a first-line option when
they are actively planning pregnancy (the pre-conception period) and for the duration of pregnancy
and for a short period postpartum.

Please return to: NICE DOCS
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NICE has not given any recommendations on how Sapropterin-responsiveness should be determined
longer-term.

We have concerns about the lack of clear criteria concerning sapropterin responsiveness and the
lack of definition of what constitutes a satisfactory response to treatment.

One of the major issues in using sapropterin to treat PKU is that it has different effects in different
patients. It is important to precisely define which patients are to be considered responsive to
sapropterin. This involves describing the method of testing as well as what constitutes an adequate
response in terms of lowering Phe and/or increasing natural protein intake.

Sapropterin is used as an adjunct to diet. Dietary treatment on its own can be used to achieve target
phenylalanine levels in all patients, although this can be very challenging. Therefore, for different
patients the goals of adding sapropterin to dietary treatment are different. For some, the goal will be
to reduce Phe levels into the normal range whilst for the majority, the goal will be to allow patients to
maintain target phenylalanine levels with less dietary restriction. Because of this it is also very
important to define criteria for what constitutes a satisfactory long-term response to sapropterin.

Without clearly defined definitions of responsiveness and response, it will be very difficult to translate
any NICE recommendations into clinical practice. The final recommendations need to address these
issues in detail. This has previously been done by a policy working group convened by NHSE and
the committee might find it very useful to look at the NHSE policy proposal the ‘Interim Clinical
Commissioning Policy: Sapropterin for phenylketonuria (All ages)’. Although many patients in the UK
are not currently genotyped, data regarding the determination of Sapropterin-responsiveness by PAH
genotype is also increasing (see http://www.biopku.org/home/biopku.asp).

We would request that the review date of the policy is reduced from 3 to 2 years to enable new
evidence to be considered as further research becomes available. We are aware that several studies
are near publication.

Insert extra rows as needed
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information.
* Do not include medical information about yourself or another person from which you or
the person could be identified.
* Do not use abbreviations
* Do notinclude attachments such as research articles, letters or leaflets. For copyright
reasons, we will have to return comments forms that have attachments without
reading them. You can resubmit your comments form without attachments, it must
send it by the deadline.
* If you have received agreement from NICE to submit additional evidence with your
comments on the appraisal consultation document, please submit these separately.
Note: We reserve the right to summarise and edit comments received during consultations, or
not to publish them at all, if we consider the comments are too long, or publication would be
unlawful or otherwise inappropriate.

Comments received during our consultations are published in the interests of openness and
transparency, and to promote understanding of how recommendations are developed. The
comments are published as a record of the comments we received, and are not endorsed by
NICE, its officers or advisory committees.
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We cannot accept forms that are not filled in correctly.

The Appraisal Committee is interested in receiving comments on the
following:
e has all of the relevant evidence been taken into account?
e are the summaries of clinical and cost effectiveness reasonable
interpretations of the evidence?
e are the provisional recommendations sound and a suitable basis for
guidance to the NHS?

NICE is committed to promoting equality of opportunity, eliminating
unlawful discrimination and fostering good relations between people with
particular protected characteristics and others. Please let us know if you
think that the preliminary recommendations may need changing in order to
meet these aims. In particular, please tell us if the preliminary
recommendations:
e could have a different impact on people protected by the equality
legislation than on the wider population, for example by making it more
difficult in practice for a specific group to access the technology;

e could have any adverse impact on people with a particular disability or
disabilities.

Please provide any relevant information or data you have regarding such
impacts and how they could be avoided or reduced.
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funding from, the
tobacco industry.
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number

Comments

Insert each comment in a new row.
Do not paste other tables into this table, because your comments could get lost — type directly into this
table.

The recommendation that sapropterin should be used until the age of 18 and then stopped is
inappropriate and dangerous. The reasons are set out below:

Difficulties Starting diet only treatment at age 18 (and difficulties experienced by all on
PKU diet):

The European Guidelines for Diagnosis & Management of PKU state that treatment
should be lifelong (van Spronsen et al 2017), so a patient stopping sapropterin at age 18
would need to start dietary treatment. The diet is commonly restricted to about 10g
protein per day (Ford et al 2018), and protein containing foods are counted and
measured down to 0.3g protein per serving. The complexity of the diet is beyond any
other dietary regimen and has evolved over 20-30 years and details have only just been
agreed by specialists (Evans et al 2019).

It is necessary to plan, shop for ingredients, weigh foods and cook/prepare foods with
great care. Baking with low protein products and no egg takes quite some skill and not
everyone acquires these skills. The time commitment needed for a low protein diet is

considerable and has been measured. A recent NHS Commissioning policy noted that:

“Families and patients have been found to spend on average 19 hours per week on
dietary compliance, thus affecting every aspect of life and testing patient’s self-control
(MacDonald A et al 2016)”

The above relates to people who did not have impaired intellectual or executive
functioning. In individuals with impaired neurocognitive functioning (a recognised result
of undertreated PKU, well evidenced by many including Palermo et al 2017)) the time
taken to manage the diet is longer. Further evidence shows that, in order to achieve the
best health outcomes for adults self-managing their PKU, part time working, and flexible
working patterns were the only ways to achieve good control in a group of adults with
PKU (Riva et al 2017). Someone stopping sapropterin and starting diet would be
compromising their ability to attend college full time or do a full-time job.

The current treatment regimen consists of specialist low protein products to provide energy and
variety and a protein substitute providing amino acids without the phenylalanine — these are only
available on prescription. In a peer review paper (Ford et al 2019) reporting access issues to
products via the NHS 59% of responses (over 250 respondents) showed difficulty accessing
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basic low protein foods (bread, pasta) and 33% protein substitute. 36% of responses
said problems had occurred for over a year. 18% reported that the local NHS authority
had refused, restricted or had a policy to block treatment access; 27% cited GPs
declining requests or restricting prescription amounts. This all equates to treatment
disruption for patients with PKU in England, and poorer outcomes for all. Patients
experience food insecurity and treatment insecurity on an ongoing basis.

Aspartame —is a phenylalanine ester and thus must be avoided in PKU. The additional
scrutiny of checking all food ingredient labels for aspartame in food, drinks and drugs intensifies
the complexity of management, so this is a further difficulty for PKU patients of all ages. In peer
reviewed evidence, Newbould and team (2021) reported that 74% of 200 PKU patients surveyed
had accidentally ingested aspartame. 23% respondents had been prescribed medicines
containing aspartame and 75% said that medicines were not checked by medics when
prescribed.

Further evidence about how difficult the diet can be, is published evidence following
analysis of over 460 standard food items, reported that 55% of food labels were unclear
(Kravela et al 2020) .

Finally: data less than a year-old shows that the majority of English adults (with or
without PKU) are overweight or obese; 67% of men and 60% of women. If the general
population cannot manage their own energy intake to match energy expenditure (a
well understood concept), how can people with PKU restrict their diet to an average of
10g protein daily, which seems to be undermined by a number of systemic failings in the
NHS and public health strategy?

There is clear evidence globally and in the UK about worsening metabolic control as PKU
patients become adolescents and adults (Walter et al 2002, Mundy et al 2002, Walter &
White 2004 and Ahring et al 2011 all include UK based adult patients). NICE does not
provide any evidence that the future would be different and that 18-year-olds stopping
sapropterin would have safe metabolic control and good outcomes in this treatment
pathway.

An example in my clinical experience is women with mild PKU are taught to restart diet —
they may have no experience of implementing a PKU diet and needs to learn the diet —
this can take multiple (50+) hours of intense work and dedication on the part of all —
these women are not true proxies for this sapropterin to diet scenario, as the pregnancy
diet is a temporary intervention only.

Patients returning to diet, in my clinical experience, generally do not succeed on an
ongoing basis.

There is no evidence to suggest that this unethical proposal NICE has for offering
sapropterin to responsive patients until the age of 18 would enable them to continue
safely into adulthood with good metabolic control, and good outcomes. All evidence
suggests the opposite.

Please return to: NICE DOCS



N I c E National Institute for
Health and Care Excellence
Sapropterin for treating phenylketonuria [ID1475]

Consultation on the appraisal consultation document — deadline for comments 5pm on
Thursday 18 March 2021 email: NICE DOCS

van Spronsen F et al (2017) Key European guidelines for the diagnosis and management of patients with
phenylketonuria. The Lancet Diabetes and Endocrinology Vo 5, Issue 9, September 2017, Pages 743-756

Ford S, O’Driscoll M, MacDonald A. Living with Phenylketonuria: Lessons from the PKU community.
Mol Genet Metab Reports. 2018;17(August):57-63. doi:10.1016/j.ymgmr.2018.10.002
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allocation in a low phenylalanine diet for PKU; Orphanet Journal of Rare Diseases (2019) 14:2

MacDonald A, Smith T, de Silva S et al; The personal burden for caregivers of children with
phenylketonuria: A cross-sectional study investigating time burden and costs in the UK; Molecular
Genetics and Metabolism Reports 9 (2016) 1-5

Palermo L et al, Cognitive outcomes in early-treated adults with phenylketonuria (PKU): A comprehensive
picture across domains. Neuropsychology. 2017;31(3):255-267.

Riva MA1, Madotto F, Turato M, Salvatici E, Indovina S, Giovannini M, Riva E, Cesana G. (2017) Work
activity and phenylalanine levels in a population of young adults with classic PKU. Med Lav. 2017 Apr
21;108(2):118-122

Ford S, O'Driscoll M, MacDonald A; Prescribing issues experienced by people living with phenylketonuria in
the UK; Mol Genet Metab Rep. 2019; 21 100527
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Consumption of Aspartame in Phenylketonuria: Patient Experiences. Nutrients 2021, 13, 707.
https://doi.org/10.3390/ nu13020707

Kraleva, D.; Evans, S.; Pinto, A.; Daly, A.; Ashmore, C.; Pointon-Bell, K.; Rocha, J.C.; MacDonald, A. Protein
Labelling Accuracy for UK Patients with PKU Following a Low Protein Diet. Nutrients 2020, 12, 3440.
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Walter J et al. (2002). How practical are recommendations for dietary control in phenylketonuria? The
Lancet. 2002;360(9326):55-7.

Mundy, Helen; Lilburn, Maggie; Cousins, Alison; Lee, Philip.Dietary control of phenylketonuria; The Lancet;
London Vol. 360, Iss. 9350, (Dec 21, 2002): 2076. DOI:10.1016/S0140-6736(02)11959-3

Walter JH and White, FJ; Blood phenylalanine control in adolescents with phenyl-ketonuria; Int J
Adolesc Med Health 2004;16(1):41-45.

Ahring K et al. (2011). Blood phenylalanine control in phenylketonuria: a survey of 10 European centres.
European Journal of Clinical Nutrition. 65(2):275.

2 The statements on the risks of long-term brain damage in adults are inconsistent and
lack robust evidence or investigation. “Clinical experts explained.....In adults, high
Phe concentrations can result in short-term symptoms, which are considered
reversible by lowering Phe levels through diet.”

The literature suggests that white matter changes caused by high phe in the brains of
adults with PKU is more reversible than brain damage incurred in children. However,
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there is no conclusive evidence that brain damage in adults is fully reversible. For
example, Cleary in published on this 26 years ago, and 2 months ago, further imaging
evidence is provided by Clocksin et al, 2021 in MGM) have found improvements
following phe level reduction in adults. Even after improvement, white matter integrity
in the PKU patients in these studies continued to be compromised relative to healthy
non-PKU individuals.

In practice, there is no evidence of successful cohorts of patients (except preconceptually
and in pregnancy) returning to diet and regaining control of their PKU — there is evidence
of patients who were unable to (Bik-Multanowski 2008), so the reversibility of white
matter damage in adults with PKU is entirely theoretical and not evidence based.

Adult patients who stop the PKU diet experience poor executive functioning, information
processing (worse reaction times, sustained attention, poor working memory) and mood
(increased inhibition, anxiety, depression and low self-esteem) compared with adults
who have continued phenylalanine restriction throughout life and also metabolically
healthy controls. However, even adults with continuously treated Pku on diet, do see
experience decline in their executive functions. Other study data distinguishes specific
poor executive function linked to concurrent metabolic control —ie that in adulthood -
Romani et al 2017 and 2019 — such as sustained attention. If adults have poor sustained
attention, how can they reverse their white matter changes by successful dietary
implementation in a regimen that is complex and when prescribing practices, labelling
legislation and public health practices do not support this.

Finally: case control study data evidences adults with PKU have compromised social

cognition — this in itself may see inconsequential — combined with the need for ongoing
self-advocacy for optimal outcomes for an intrusive treatment for a rare disease, then it
contributes to difficulties with the diet — people cannot assert their needs in various life
situations and thus fall out of control (negotiating GP, pharmacies, work situations etc).

Refs:

Cleary MA et al. (1995). Magnetic resonance imaging in phenylketonuria: reversal of cerebral white matter
change. The Journal of Pediatrics. 127(2):251-5.

Clocksin, HE et al Inter- and intra-tract analysis of white matter abnormalities in individuals with early-
treated phenylketonuria (PKU), Molecular Genetics and Metabolism, 132; 1, 2021, p11-18, ISSN 1096-7192;
https://doi.org/10.1016/j.ymgme.2020.12.001

M. Bik-Multanowski, B. Didycz, R. Mozrzymas, M. Nowacka, L. Kaluzny, W. Cichy, B. Schneiberg, J.
Amilkiewicz, A. Bilar, M. Gizewska, A. Lange, E. Starostecka, A. Chrobot, B.l. Wojcicka-Bartlomiejczyk, A.
Milanowski. Quality of life in noncompliant adults with phenylketonuria after resumption of the diet. J
Inherit Metab Dis. 2008 Dec;31 Suppl 2: S415-8.

Jahja Rianne (2017) et al; Long-Term Follow-Up of Cognition and Mental Health in Adult Phenylketonuria:
A PKU-COBESO Study; Behav Genet; DOI 10.1007/s10519-017-9863-1
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Palermo L et al, Cognitive outcomes in early-treated adults with phenylketonuria (PKU): A comprehensive
picture across domains. Neuropsychology. 2017;31(3):255-267.

Romani C, et al (2017) The impact of phenylalanine levels on cognitive outcomes
in adults with phenylketonuria: Effects across tasks and developmental stages. Neuropsychology. 2017
Mar;31(3):242-254.

Cristina Romani et al; Adult cognitive outcomes in phenylketonuria: explaining causes of variability beyond
average Phe levels; Orphanet Journal of Rare Diseases (2019) 14:273

Jahja R, et al; Social-cognitive functioning and social skills in patients with early treated phenylketonuria: a
PKU-COBESO study; J Inherit Metab Dis (2016) 39:355-362

3 Clinical experts noted that just over 50% of adults with PKU are on a protein-
restricted diet, while about 30% of adults have stopped their diet and the other 20%
have difficulties maintaining it.

| am unaware of any evidence, nor was it provided, which supports these figures; there is
evidence to the contrary. Incidence and prevalence of PKU in England, compared to the
2,000 people NICE mentions currently in PKU care and the clinical expert’s comments are
all inconsistent.

Expected number of patients:

NICE notes that 2,000 patients are receiving PKU care in the NHS currently.

Yet >2,400 have been diagnosed by the Public Health England Newborn screening
programme since 1969. Basic diagnostic tests were used from 1951-1969 - 1,000 babies
would have been born then and diagnosed then or subsequently via sibling screening or
investigations.

How can clinical experts know if 50% of these adults with PKU are on diet if they are not
in PKU care? People who are not in follow up will not be on diet.

1. Many adults with PKU are no longer followed up by specialists.

2. Patients were discharged in the past by medics who believed their brains had
finished developing and PKU treatment cessation was safe and appropriate from
the age of 4 through to the age of 18-19 (active discharges were happening from
all metabolic care as recently as 10 years ago).

3. Patients are lost to follow up still and on an ongoing basis due to poortransition
arrangements (I have contacts with these patients on NSPKU helpline).

4. The treatment status of any of the above groups of adults in the UK cannot
possibly be known as no arrangements are in place to find them.

5. The percentages mentioned do not even apply to adult patients in clinics as there
are insufficient blood phenylalanine results or published data to support this.
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There is a responsibility of health care providers in the UK to make provision for
treatment for all adults with PKU and optimise the outcomes. NICE and/or its clinical
expert has overestimated the use of diet amongst adults with PKU in the UK and thus
ignored potential adverse outcomes of those not on diet.

Finally: in my clinical experience the 50% of adults on diet and “not struggling” does not
relate to adults with PKU, even those receiving metabolic follow up.

In published survey data (Ford et al 2018) 73% of adults (n=209/286) said they found
dietary management difficult. Eg female patients in Bristol — are rarely able to take the
prescribed dose of protein substitute, rarely send bloodspots.

An example: patient P never misses any appointments; she tries very hard to have a low
protein diet but she takes 5 out of 21 doses of her amino acids each week Taking protein
substitute is fundamental to the PKU diet regimen. She is not alone in this and both
direct experience of patients in my NHS work, work with those seeking help from NSPKU,
and published evidence backs this up.

Thus | refute the clinical expert comments, from a “whole UK PKU cohort” perspective
and within clinical experience perspective.

Ford S, O’Driscoll M, MacDonald A. Living with Phenylketonuria: Lessons from the PKU community.
Mol Genet Metab Reports. 2018;17(August):57-63. doi:10.1016/j.ymgmr.2018.10.002

4 Consideration of Maternal PKU Syndrome:

NICE acknowledges that maternal phenylketonuria (PKU) syndrome is caused by high
blood phenylalanine (Phe) levels during pregnancy having a teratogenic effect on the
developing foetus which can result in intrauterine growth retardation, facial
dysmorphism, developmental delay, intellectual disabilities, microcephaly and congenital
heart disease (CHD).

In my role | have managed or supported patients with PKU either through pregnancy or
through preconception and then pregnancy and had contacts with women via NSPKU
work (>40 women; none have ever accessed sapropterin). Most women have reported
poor control during their pregnancy — frequently in the first trimester. The first
trimester is fraught with difficult to manage sickness, needing to eat as low as 3g protein
daily; changing medications to suit the symptoms, and bloodspot testing three times a
week (latter ongoing for full pregnancy). The current policy to access sapropterin is
ineffective and dangerous — in particular it means sapropterin unlikely to be successfully
given to patients quickly enough/early enough in pregnancy to help avoid poor outcomes
in offspring.
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Strict metabolic control before and throughout pregnancy reduces foetal risk if dietary
control is achieved before conception and maintained throughout pregnancy. The
European Guidelines state that treatment should commence pre-conception for
maternal PKU, and it emphasises that significant effort should be undertaken to avoid
any unplanned pregnancies. The data that is available suggests that current
management of females with PKU results in misery for many young women, girls and
older women.

In the peer reviewed publication from the NSPKU survey 73% of women (n= 300)
expressed concerns, fears and distress about pregnancy. 60% were concerned about
harm they may cause to a baby, 54% had anxiety about their ability to maintain blood
Phe within target, and 48% feared unplanned pregnancy. Some were concerned that it
may be unsafe to have a baby as a woman with PKU (39%, n=107); some worried about
their parenting skills (16%, n=43), and women even described how they avoided sexual
relations. 8% of women were too embarrassed to discuss pregnancy in clinic; 9% said
they had a pregnancy termination due to PKU, 14% had a miscarriage and 8% had more
than one miscarriage.

In the post-natal period, of 93 women, 48% had low mood or sadness, 41% were
depressed, 25% felt unable to cope, 33% said they could not care for their PKU as well as
their baby, 14% (struggled with childcare needs and 4% worried they might hurt
themselves or their baby. 14% thought that child health or developmental problems
were linked to PKU.

UK pregnancy outcome data is poor and it is not relevant to attempt to compare it with
pregnancy data elsewhere. Published data on UK pregnancies include Jovanovic et al
2011 reported on 42 women of reproductive age with PKU and of the 20 pregnancies,
only 9 had healthy outcomes. Adams et al (2017) reported on pregnancies in 17 women
in Glasgow, 4 out of 17 had offspring with congenital abnormalities. Other data (Maillot
et al 2008 and Lee 2005) showed that there is significant negative impacts on offspring IQ
and other important markers, relating to blood phe control and whether the mothers
were on a preconception diet or started PKU diet after conception. Although this data is
13 years old there is no reason to believe that any improvements in outcome have been
realised by the IMD clinical teams caring for women with PKU in the UK.

For instance, the rate of planned vs unplanned pregnancies and on diet vs off diet is
unlikely to have changed. One London centre for IMD in adults reported on diet status at
conception — Cook et al 2018 and 10 of the 22 pregnancies were conceived outside of the
desired pregnancy range of phe control; in another large centre in the UK, between
2010 & 2017 an average of 54% of patients conceived offspring outside of the target
range of phe. Thus the instigation of tight metabolic control for pregnancy (<300muol/I)
is starting too late for the optimal outcomes in these unplanned pregnancies and the
current sapropterin policy for access after poor metabolic control is demonstrated in
pregnancy fails to prevent foetal exposure to the highly teratogenic effects of
phenylalanine.
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Ford et al 2018 also showed women stopped dietary management shortly after
childbirth. They could not cope with the pressures of strict dietary management and
caring for their baby (also evidenced in Cook et al 2018). Many described anxiety,
depression, tiredness and inability to focus well after the birth of the baby and some
described how they struggled with day-to-day childcare. Postpartum depression in the
general population is known to adversely affect infant caregiving activities such as breast
feeding and sleep routines (Field et al 2010); there remains a high probability that
postnatal depression may be exacerbated by higher blood Phe concentrations. It has
been shown that women who remain on treatment post pregnancy are likely to have
fewer mental health issues and are better able to cope with parenting (Rohr et al 2004)
which in turn, has an important impact on the cognitive outcome of their children.
Furthermore, women needed guidance about their own nutritional needs during
breastfeeding whilst on the PKU diet post birth.

All evidence points to ongoing poor reproductive outcomes for women with PKU in the
UK and their offspring - needing interventions ranging from cardiac surgery to
statements of special educational needs throughout the education of the offspring (and
reduced life chances).

Of note, some women with milder forms of PKU (who would be more likely to be
sapropterin responders) have not ever done the diet themselves yet have to learn this
diet regimen very intensively for preconception and pregnancy purposes.

Of note —there is a major health campaign around improving outcomes via influencing

the first 1,000 days of life, recognising how important they are for the child’s health and
development in later life. The window of time preconceptually, post conception and pre
birth can determine health outcomes for the whole of adult life. Maternal health is vital
to the outcomes of children, especially in their early years. Mothers should be supported
during pre-conception, the antenatal period, labour and birth, and the post-natal period.

The benefits of using sapropterin would be to make tight metabolic control in the
preconception period feasible for many more women that dietary control does now;
sapropterin given throughout pregnancy would reduce the difficulties seen in achieving
control in the first trimester of pregnancy and post delivery, sapropterin would allow for
best cognition and mental health of the mother in the crucial first weeks of motherhood.

There should be parity surrounding outcomes in children born to women with PKU and
children born with PKU and NICE’s sapropterin recommendation is failing on this.

Case Study A:
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Cook J et al Does a period of restricted phenylalanine intake influence the decision to be on PKU diet? An
audit on maternal phenylketonuria experience as cited in (2018), Oral Presentations. J Inherit Metab Dis, 41:
37-219. https://doirg.ezproxy.uwe.ac.uk/10.1007/s10545-018-0233-9

T. Field. Postpartum depression effects on early interactions, parenting, and safety practices: a review.
Infant Behav Dev. 2010 Feb;33(1):1-6.

R. Rohr, A. Munier, D. Sullivan, I. Bailey, M. Gennaccaro, H. Levy, H. Brereton, S. Gleason, B. Goss, E.
Lesperance, K. Moseley, R. Singh, L. Tonyes, H. Vespa, S. Waisbren. The Resource Mothers Study of
Maternal Phenylketonuria: preliminary findings. J Inherit Metab Dis. 2004;27: 145-55.

S The committee understood that some people may have greater difficulty adhering to
conventional dietary management of PKU and are at higher risk of being unable to
control their phenylalanine. Some people may also have difficulty accessing
healthcare services.

NICE has not mentioned late treated or untreated patients with PKU at any stage; these
patients are characterised by learning difficulties, challenging behaviours and also
epilepsy.

Data shows that patients with learning difficulties have reduced challenging behaviours
when they keep their blood phenylalanine controlled and a number of clinical studies
advocate phe restricted diet in adults with late diagnosed or previously untreated PKU
due to improvements in subjective measures of alertness, mood, irritability,
concentration, destructive behaviour, quality of life and adaptive behaviour (Murphy et
al 2005; Fitzgerald et al 2000; Koch et al 1999; Baumeister et al 1998; Pavone et al 1993).
Patients experience less anxiety and have fewer behavioural interventions, restraints etc
when on a PKU diet (Lee et al 2009). This is clearly beneficial to achieve good metabolic
control for patients, and the benefits can be felt by patients and carers alike and is cost
effective compared to staffing numbers needed to care for people with challenging
behaviours. The diet cannot be easily administered to all of these patients in care homes.

There late treated patients with PKU in England, are in care homes and some are being
cared for by elderly and vulnerable parents or siblings. These patients have more than
one protected characteristic under the Equality Act 2010 and should not be forgotten.

Case Study P

Regular Caller P has late treated PKU and has diagnoses of paranoid schizophrenia and
mild learning disability. P would like to be on diet but cannot be as she lives by herself. P
does not have the inhibitory control to be on diet, however she has chronic ongoing
mental health issues, needing mental health input daily or more frequent, or being a
psychiatric inpatient. P has called the NSPKU helpline on average 4 times a week for the
last 4+ years wanting to try the low phenylalanine diet (as long as | have been in post —so
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this is over 800 calls. Sapropterin would be accessible as a means to treat this patient’s
high phenylalanine levels, in a way that diet is completely inaccessible for her.

The NSPKU regularly has helpline calls from many patients like this, who live semi-
independently, and many of their activities of daily life are done by either family
members or support workers. We know of other patients who live with elderly parents
and would not be able to access the diet but could access sapropterin, and many patients
in case homes who similarly are difficult to treat with the PKU diet. In many cases these
patients have symptoms or behaviours which, evidence suggests, would be improved by
lower phe levels.

The current NICE draft guidance is discriminatory against the learning disabled patients
with PKU as it simply does not consider their needs at all; this likely applies to most
patients with PKU who were born before 1969.

Refs:

Murphy G, Johnson S, Amos A, Weetch E, Hoskin R, Fitzgerald B et al. (2008) Adults with untreated
phenylketonuria: out of sight, out of mind. BrJ Psychiatry J Ment Sci; Dec; 193(6); 501-2

Fitzgerald B., Morgan J., Keene N., Rollinson R., Hodgson A., Dalrymple-Smith J.(2000) An Investigation into [
Treatment With Previously Untreated Phenylketonuria and Severe Intellectual Disability; J. Intellect. Disabilif
44 (1); 53-59

Koch R., Moseley K., Ning J., Romstad A., Guldberg P., Fleming G., (1999) Long-term Beneficial Effects of the
Phenylalanine-Restricted Diet in Late-Diagnosed Individuals With Phenylketonuria; Mol. Genet. Metab; 67; 1
155

Baumeister and Baumeister (1998) Dietary Treatment of Destructive Behaviour Associated with
Hyperphenylalaninemia; Clin. Neuropharmacol. 21 (1) 18-27

Pavone L., Meli C., Nigro F., Lisi S., Raimondo Di., Mollica F., (1993) Late Diagnosed Phenylketonuria Patients:
Clinical Presentation and Results of Treatment; Dev. Brain Dysfunct. 6; 184-187

Lee P., Amos A., Robertson L., Fitzgerald B., Hoskin R., Lilourn M., Weetch E., Murphy G., (2009) Adults with |
diagnosed PKU and severe challenging behaviour: a randomised placebo-controlled trial of a phenylalanine-
restricted diet J Neurol Neurosurg Psychiatry; 80:6 631-635

7 There is clearly much more published data that shows PKU in adulthood to be
burdensome, symptomatic and difficult to treat with the PKU diet — I will not cite it all
here.

In my role at NSPKU | answer the helpline so | am aware of various patient experiences
and clinical situation. The below patient gave me permission to share this which
illustrates the statistics shown in NSPKU surveys about access to prescribed treatment
items in the UK:
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A Case Study about experiences of adults in the UK system and abroad:

Case study C

C has PKU and is healthy from age 0-23, living in 4 different countries (including Scotland,
England, France), she arrives in London July 2016. Her GP refuses to make a specialist
referral - she makes 10 attempts to get referred - there is a 4-month delay. C changes
GPs but there are delays to a specialist referral by another 2 months.

C sees a specialist who supports her continuation on the PKU diet, but her GP pharmacist
says the practice is “Unable to Prescribe” PKU treatment. C finds a new GP Surgery (No
3), and the GP says her PKU script would “destroy surgery budget”. Diagnosed with acute
depression and anxiety — commonly associated w PKU, C becomes an Emergency Acute
Psychiatric Inpatient. Her inpatient stay is 25 days long.

Even as a psychiatric inpatient, C's GP declined to provide PKU treatment until her
psychiatrist intervened. C registers with her 4th GP and a new pharmacy. C requests her
script monthly; last month surgery blocked script until her blood pressure check is
performed (she is 25 years old and works full time). She runs out of food and treatment
again because she cannot take time off for the blood pressure check.

Total cost of diet in 1 year: £12,000. Cost of Above Interventions unknown.
Above patient contacted NSPKU helpline in 2017.

In 2019 she moved overseas, and having been a sapropterin trial patient as a child she
was granted sapropterin from May 2019:

- Protein tolerance increased from 20g/day to 60g/day (for levels under 400umol/L); or
80g a day to keep my levels under 600g/umol.

- Now eats a completely normal vegetarian diet and rarely require low-protein foods.

- Has really increased energy levels - | took up competitive rowing and began competing
in regattas, and also began long-distance cycling and strength training.

- No longer hungry all the time!

- Weighed 72kg when started Kuvan (overweight BMI); the effect of increased protein in
the diet meant that without 'trying’, weight dropped to 64kg (healthy BMI).

- Stable mood and mental health, consistent high performance in high-stress roles at
work.

- Easier to travel and able to be deployed last year to assist with coronavirusresponse
overseas (works for the government).

Insert extra rows as needed

Checklist for submitting comments
. Use this comment form and submit it as a Word document (not a PDF).
. Complete the disclosure about links with, or funding from, the tobacco industry.
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Combine all comments from your organisation into 1 response. We cannot accept
more than 1 set of comments from each organisation.

Do not paste other tables into this table — type directly into the table.

Please underline all confidential information, and separately highlight information
that is submitted under_‘commercial in confidence’ in turguoise and all information
submitted under_academic in confidence’ in yellow. If confidential information is
submitted, please also send a 2" version of your comment with that information
replaced with the following text: ‘academic / commercial in confidence information
removed’. See the Guide to the processes of technology appraisal (section 3.1.23
to 3.1.29) for more information.

Do not include medical information about yourself or another person from which
you or the person could be identified.

Do not use abbreviations

Do not include attachments such as research articles, letters or leaflets. For
copyright reasons, we will have to return comments forms that have attachments
without reading them. You can resubmit your comments form without attachments,
it must send it by the deadline.

If you have received agreement from NICE to submit additional evidence with your
comments on the appraisal consultation document, please submit these separately.

Note: We reserve the right to summarise and edit comments received during consultations, or
not to publish them at all, if we consider the comments are too long, or publication would be
unlawful or otherwise inappropriate.

Comments received during our consultations are published in the interests of openness and
transparency, and to promote understanding of how recommendations are developed. The
comments are published as a record of the comments we received, and are not endorsed by
NICE, its officers or advisory committees.
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NSPKU questionnaire responses — adults
ID1475 sapropterin for treating phenylketonuria

Questions

Q1.

Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

Q8.

Qo.

Q10.

Q11.

Q12.

Q13.

Section 1 Recommendations: Do you agree with NICE's recommendation which says that: Sapropterin (ie Kuvan) is recommended
as an option for treating people with PKU only if they are under 18?

Section 1 Recommendations : Do you have comments on the proposal to let children take Kuvan (sapropterin) until the age of 18 and
then stop? (Your experiences about being a teenager with PKU and learning to manage dietary treatment on your own are relevant.)

Section 3 - Long term brain damage in adults - NICE has said: "...adolescents and young adults may still be at risk of long-term brain
damage from high Phe levels, because brain development does not stop until around age 25." NICE has also said "and there is no
risk of long-term brain damage in adults”. What is your opinion on NICE's statements about brain damage in adults?

Section 3 - Long term brain damage - Do you have experience from your own knowledge or experience about long term brain damage
in adults? Is there any evidence you want NICE to take into consideration (including from your own personal or family experience?)

Section 3 - Symptoms and quality of life. - NICE has said "Many adults describe the effects of high Phe levels as ‘brain fog’,
forgetfulness, tiredness, confusion, low mood and feelings of irritability. This can affect their ability to control their diet and maintain
adequate blood Phe levels." Do you have additional comments? What effect does high phe levels have on your quality of life?

Section 3 - Long term effects of high or low phe levels on quality of life in adults : NICE say it is not necessary to take into account
the long term effects of high or low phe levels in adults (ERG Report paragraph 5.3) when calculating cost effectiveness for adults.
Do you agree? Do you think that having high phe levels in the past can affect your future health or life experiences? If you have
information or experience to share, write it here.

Section 3 - Physical and mental effects of PKU and the healthcare costs associated with them. - NICE did not include healthcare
costs associated with looking after patients with PKU symptoms or health problems associated with PKU. Do you think there are
significant healthcare costs associated with PKU (for example treatment for depression, or gut problems?) Do you want to explain
the health issues you have which are related to PKU or living with the PKU diet?

(Carer disutility) - NICE did not take into account the effect that PKU has on family members that help manage PKU symptoms or PKU
treatments. What is your opinion? Do you think NICE should taken into account the impact of PKU on other family members? Do
you have experience to share?

Equalities - treatment of different groups. NICE said some people may have greater difficulty managing PKU through diet. NICE
have said the groups of people who may be disadvantaged include - "People who face such difficulties include: people with a
learning disability, sensory impairment, or cognitive impairmente autistic people and people with comorbidities such as diabetes and
gut disorderse people on low incomes, living in poor or in insecure housinge certain ethnic groups including people who do not
speak English and Gypsy, Roma and Traveller communities® people in social care settings® women with PKU who need to establish
controlled phenylalanine levels before conception to avoid damage to the unborn baby."” NICE concludes that it was not possible to
recommend KUVAN in any group of adults "due to the cost effectiveness estimates in adults”. Do you have comments about some
people who have extra problems managing PKU because of their situation? Do you think NICE has properly considered treating
people fairly?

Women with PKU and their children - NICE has said : "The committee was not aware of any evidence to estimate the benefit to the
unborn child of enhanced Phe level control or greater natural protein consumption from conception to birth and accepted that this is
challenging to model.” NICE has not recommended Kuvan (sapropterin) to help women manage the risk of Maternal PKU. What
recommendation do you think NICE should make?

Women with PKU and their children - NICE has said they welcome comments and further evidence on the potential use of Kuvan
(sapropterin) in women with PKU of childbearing age, or those planning pregnancy, to prevent harm to the unborn child. Do you
have comments or evidence to give to NICE? Things you can think about writing are....- worries about pregnancy and contraception
and how this makes you feel, experiences of controlling phe levels in pregnancy, experiences after pregnancy when you have a new
baby or a family, your knowledge of effects on babies/children of phenylalanine levels.

Women with PKU and their children : NICE has not included the costs of preventing neurological damage to the children of women
with uncontrolled PKU (ERG report, section 5.5) in their costs calculations. Do you have any comment?

Do you have any additional comments on the draft recommendation or the evidence NICE has considered?
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Responses

Respondent 1

Q1. 1do not agree with stopping access to Kuvan at age 18.

Q2. Giving kuvan to children and stopping at 18 is just horrible the Pku diet for me is so much harder as an adult then when | was a child/teen
where my mum did a lot of the day to day running of my Pku as an adult you have to balance work life family everything and then stick to your
Pku is not easy cooking two or three different meals. And taking it off someone who had been able to eat a fair bit on it to then have to drop the
amount they can have is very unfair and will be extremely hard.

Q3. | do not agree with NICE's view;NICE's statements are contradictory

Q4. | know many adults who came off diet and have trouble with day to day task due to this such as memory loss and struggling to concentrate
meaning they aren’t able to hold down a job for long effecting their whole lives.

Q5. High phe levels give you constant headaches and tiredness to the point where you don’'t want to move you have no motivation and so it doesn’t
just effect you but those around you to, and getting back on track takes a lot it's a never ending circle the higher your level gets the harder it is
to get it back under control.

Q6. [no response given to this question]

Q7. [no response given to this question]

Q8. [no response given to this question]

Q9. [no response given to this question]

Q10. [no response given to this question]

Q11. [no response given to this question]

Q12. [no response given to this question]

Q13. Being a woman who has had two children, going though this is extremely hard and emotional getting sickness due to being pregnant and
knowing you have to eat and you have to take supplements and only being allowed to have 1g of protein a day (a bag of 25¢g crisps are 2g) it
one of the hardest things | have ever done and knowing that | would Likely be a responder to kuvan but that it isn’t available to adult is
heartbreaking when you think of the people who get things like help to lose weight or help to stop smoking these people are this way though
their own actions, us Pku adults did not choose to be born with Pku we can’t help the fact that managing this diet is so hard and trying to live a
full normal life at the same time. This drug would help so many people and yes not all but the ones it will help it will change their life and make
their lives easier and healthier and happier.

Respondent 2

Q1. 1 do not agree with stopping access to Kuvan at age 18.

Q2. [think this is cruel to children, being brought up with an almost normal diet and not knowing any different, and then at 18 having this stripped of
you. | think it is cruel when, at 18, you are facing a big change in your life, by becoming an adult. You have a lot of emotions and difficulties of a
teenager but you begin to have adult responsibility, so life is tough as it is. To add on trying to manage a strict PKU diet for the first time ever,
just seems impossible and like you are being set up to fail.

Also, I think it is ridiculously unfair on adults. | think it is a form of age discrimination, to not care for and treat adults with PKU even though they
do have very serious long term health issues, without the Kuvan and trying to stick to an impossible PKU diet.

| would also like to have the option of having children in a few years, but the thought of having a disabled baby because the PKU diet has been
so incredibly hard to follow (on top of how hard pregnancy is in the first place) really frightens and upsets me. | feel it is my human right to be
able to have a healthy baby, and Kuvan can make that happen for me and this recommendation is denying me of this human right.

Q3. | do not agree with NICE's view

Q4. Thisis in fact wrong. | now have a diagnoses of dyslexia and was diagnosed at age 23 whilst studying my second degree. | have been informed
by my doctors this is a result of not being able to stick to my PKU diet.
| think it’s ridiculous to think that for many many years of being an adult. A poor PKU diet is definitely going to have serious and long term
effects. As for me | find | experience brain fog, concentration issues, memory issues, slow processing issues, from any form on non compliance
with my diet and this appears constant and my battle to stick to my PKU diet is ongoing. | find it impossible to stick to and it upsets me so so
much.

Q5. Being aware of the consequences of not sticking to PKU diet does NOT help you control it. We are only allowed 15% of food. You cannot
understand the effects it has on you mentally to try and stick to that on a long term basis without it effecting your mental health.

Q6. Yes | agree. | have experienced first hand how having high Phe levels, significantly deteriorates my quality of life.

Q7. Health issues | have had relating to PKU are - poly cystic ovaries, obesity, depression, anxiety, skin rashes, squint in my eye (Poor PKU diet
worsens it. Requires an eye operation every 5 years), and dyslexia. These are the health problems | have that cost the NHS lots of money on a
yearly basis as a result of a poor PKU diet.

Q8. | think my behaviour, overall mood can be a serious challenge to my partner and family, they often feel helpless as they know how much it

effects me but can’t do anything to help.
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Qo.

| think it is completely unfair to not give Kuvan to women trying to conceive. It puts the mother and baby at a significant risk during pregnancy
and birth if the PKU diet is not controlled properly. Also, in terms of cost effectiveness, if the woman does not control her diet properly in
pregnancy, she is likely to have a disabled baby which would require a lot of treatment and care throughout their whole life which would cost the
NHS significantly more money

Q10. 1think NICE should recommend women trying to conceive and during pregnancy and breast feeding period to be given Kuvan as a basic
human right to protect both the mother and unborn child.

Q11. | would plead with NICE to allow women going through pregnancy to be allowed Kuvan. | have hope and dreamed my whole life to start my own
family one day and more than anything you would want a healthy baby and to be healthy yourself. Knowing that the PKU diet can threaten
those things, is truly terrifying. It puts so much pressure on you as a mother to control your Phe levels, and if the baby is disabled when born.
You would have eternal guilt for your child, and your partner, and always feel like it's your own fault. It may increase risk of post partum
depression also.

Q12. Yes. | feel that having a child with disabilities, due to a poorly controlled PKU diet, would be much more costly than the treatment of Kuvan
itself. And surely it is better to prevent a child from being disabled, rather than pay to support it once the poor child has already been born with
mental/physical health issues? It seems unfair and inhumaine

Q13. | plead with you to consider Kuvan for all adults. It would quite literally be life changing. The NHS happily funds billions of pounds for people
with obesity or smoking related issues, and most of the time that is self inflicted. PKU is not a choice, | have wished my entire life to just be
normal. Kuvan could potentially give that to me, and make my dreams come true. Also please consider the fact that Kuvan is only effective in
30% of people. So it won’t be the entire PKU population you will have to fund it for. But for those 30% of people, it truly will be a life changing
miracle. Something | have honestly wished for my entire life.

Respondent 3

Q1. 1 do not agree with stopping access to Kuvan at age 18.

Q2. When teenagers get to 18 it is even more difficult for them Tom and go out with friends when they are on a very reduced diet. Some even stop
sticking to diet so they can fit in!

Q3. NICE's statements are contradictory

Q4. [no response given to this question]

Q5. If my daughter has high levels she is weak and lethargic.

Q6. [no response given to this question]

Q7. [no response given to this question]

Q8. Whenever we have traveled we have had extra bags to carry supplements etc.

Q9. [no response given to this question]

Q10. [no response given to this question]

Q11. [no response given to this question]

Q12. My daughter has two beautiful children but had to have approval from her dietitian and specialist as it was thought that high levels in the
beginning of pregnancy could cause deformation

Q13. Surely to give Kuvan to everyone would cost less in the long run as people would not need all the other low protein foods that are needed to
help supplement the diet!

Respondent 4

Q1. | do not agree with stopping access to Kuvan at age 18.

Q2. This is frankly a ludicrous position to take. Do they truly believe that someone’s genetically inherited condition stops being a problem when they
turn 187 Of course it doesn’t! There is no suitable or appropriate justification to allow someone to have access to this potentially life changing
drug as a child, only to remove that benefit when they turn 18. My own experience growing up was that during my teenage years and 20’s, just
as | was finding my independence and left home for university, was when | was least able to be compliant with the PKU treatment (diet). As a
result of my lacking the ability to have the good practise and sensibility to comply fully with the diet, my levels were far in excess of the
recommended guideline amounts. | also truly believe that the A-Level and Undergraduate degree results that | was able to achieve were
severely impacted by my reduced cognitive ability at this point in my life. As a mature adult (36) | now have the sense to follow my diet as best
as | reasonably can and still struggle to achieve blood phenylalanine levels within the recommended guidelines. The proposed limit of 18years
are completely farcical.

Q3. | do not agree with NICE's view;NICE's statements are contradictory

Q4. My own experience is that my own mental state including day to day cognitive ability and mental health are very much influenced by my

phenylalanine (phe) levels. There are studies which identify that PKU patients score more highly in terms of being at risk for suffering from
mental health conditions such as depression. Anecdotally | have first hand experience of this having suffered more than one bout of severe
depression requiring medical intervention in my life.
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Q5. High phe levels do very much Impede my decision making, stress levels and mental acuity. | have suffered from depression requiring
medication on several occasions. | also find that when | have very high levels | am not always aware of my altered state which makes it very
difficult to remain compliant with the diet leading to a catch 22 situation and downward spiral which it can be very difficult to get out of. Often the
only way to get out of a situation like this is with the intervention of family members who are aware of my situation.

Q6. There is not enough data on aged PKU patients for this to be able to be true. Nice seriously need to review this policy as poorly managed adult
pku patients will end up needing other kinds of support down the line. Reference my comments previously about the risk of serious mental
health conditions as a single example. PKU patients can often find that the low protein foods available to them on the diet are very calorie rich,
this makes it increasingly difficult to maintain a healthy body weight.

Q7. | have struggled with depression in the past requiring therapy, months off work and medication. All at the expense of the NHS. To not consider
these costs is simply an example of willingly and deliberately ignoring the costs to present a false view of the situation. | have in the past also
suffered with severe indigestion directly attributed to the supplements i have to take as well as regular migraines relating to high phe levels
again all requiring medication and treatment.

Q8. PKU children essentially require round the clock care from their parents/carers to
Make sure they are following the Dickensian treatment that currently exists under the NHS. This should be taken into account as the effect of
this can take its toll on carers which may manifest in poor or ill health of the carer.

Q9. This is highly unfair considering that only a small percentage of the adult PKU population will actually be responders to the drug anyway. All
PKU patients are at risk of a level of cognitive impairment when following the diet treatment, this burden could be reduced my making the drug
available to all patients that are responders - the very people they are excluding are the people that need it most.

Q10. All responders should be allowed to have the drug

Q11. [no response given to this question]

Q12. [no response given to this question]

Q13. There is such a small population of people with PKU, and such a small subset of this cohort that will actually respond to the drug, it is beyond
me how NICE have recommended to only allow under 18’s to access the drug. To give someone the life
Changing medicine they need to potentially live a normal life, then remove that provision at a point in their life when they need it most is quite
frankly inhuman.

Respondent 5

Q1. | do not agree with stopping access to Kuvan at age 18.

Q2. It would be unfair to allow children to become used to living with the enormous advantage to their way of life that Kuvan will benefit them with,
and then for it to be snatched away from them upon reaching their 18th birthday.

Q3. 1do not agree with NICE's view;Apart from there still being a degree of potential brain damage in adults with PKU, they also suffer from
significant effects of severe mood-swings as a result of their erratically managed protein consumption.

Q4. [no response given to this question]

Q5. My grandson has PKU and suffers from mood-swings, tiredness and lack of concentration, when his blood Phe levels rise above normal.

Q6. My grandson has PKU and suffers from mood-swings, tiredness and lack of concentration, when his blood Phe levels rise above normal. This
affects his learning ability, and will consequently have a negative impact on his desirability with future potential employers.

Q7. My daughter is a full time carer for her son, who suffers from PKU. Managing his health, well-being and diet has a significant impact on her
mental well-being and ability to earn an income as a result.

Q8. My daughter is a full time carer for her son, who suffers from PKU. Managing his health, well-being and diet has a significant impact on her
mental well-being and ability to earn an income as a result. It has brought her once flourishing full-time career to an abrupt stop!

Q9. I believe that NICE have not properly considered the impact of their decision, on the basis of it being discriminatory in respect of both ‘age’ and
‘disability’.

Q10. No comment.

Q11. No comment.

Q12. No comment.

Q13. No further comment.

Respondent 6

Q1. | do not agree with stopping access to Kuvan at age 18.

Q2. Why would you stop medical support for a life long condition at 18?7 The treatment will encourage and support adherence and then remove this
support at a critical point of development.

Q3. | do not agree with NICE's view; NICE's statements are contradictory
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Q4. So many friends in the community have experienced poor mental health, shakes, low bone density as a result of being off diet as an adult.
Brain fog is another issue that is constantly being raised. This has led to some people losing employment, relationships etc.

Q5. No, that is accurate

Q6. | strongly disagree that low/high figures in adults hould no be taken into account. | believe that adults largely go off diet and lack support from
services. | also believe that as the PIP criteria is so narrow, that adults with this condition are wrongly denied financial support to manage this
awful condition.

Q7. | used to spend £60 a month on digestive enzymes for my daughters as the supplements are not only disgusting in taste and smell, but they
also cause significant problems with their guts. They have been under a gastro consultant for nearly 8 years.

Q8. [no response given to this question]

Q9. No I do not think NICE are considering a fair approach to treating adults.

Q10. Women really struggle to manage their PKU during pregnancy. There are many examples on social media of children born with LDs and
disfigurement as a direct result of uncontrolled PKU during pregnancy.

Q11. | am petrified about my children reaching child bearing age for this very reason. Provide appropriate treatment to all who have this life long
condition! What would you want for your children and lived ones?!

Q12. NICE should take into account these costs!

Q13. This community deserve to have access to a drug that has been available in other countries for YEARS. Turkey prescribe it to their citizens.
Turkey! It is a national disgrace to have had treatment options and not provide these to our community.

Respondent 7

Q1. | do not agree with stopping access to Kuvan at age 18.

Q2. Ithinkit's a terrible idea, | was taken off diet as a teenager as | was informed it was the right thing to do, but | suffered greatly with mental
health issues which | was unaware was caused by pku, and it was only when | went back on diet that things turned around however 50% of my
week are bad days as | find the diet extremely difficult.

Q3. | do not agree with NICE's view;NICE's statements are contradictory

Q4. NICE must read the studies involving pkus connection to parkinsonism and dementia, there is a clear connection and the diet alone isn't
enough to prevent this as there is still high amounts of phenylalanine going to the brain. Also NICE must look into the fact that high levels can
be caused by illness this can't be controlled by diet but kuvan would eliminate this issue, being in a calorie deficit will also have a huge effect.

Q5. High phe levels cause me to have mood swings, depression, anxiety and stress, and when levels are high the simplist tasks become difficult |
can become extremely forgetful and will misplace things (dementia symptoms)

Q6. Having high levels massively affects how | would go about my life, | would not be able to do my job correctly, | would avoid social events with
friends and relatives it would cause problems at home as | can become extremely moody when my levels are high. My life would fall apart.

Q7. | have been seen at hospital for mental health which is a cost that could be eliminated for the NHS also the cost of prescribed foods are also a
cost that could disappear.

Q8. Pku has a huge impact on my family, my partner does struggle with it not only does it ware me down it also wares her down which is horrible to
see, | question why she continues as it is a burden on her not only food management and shopping but the symptoms | display.

Q9. NICE have not considered treating people fairly at all it's nothing but discrimination everyone should be treated fairly.

Q10. They should make it available to ensure the safety of the unborn child.

Q11. [no response given to this question]

Q12. [no response given to this question]

Q13. In my opinion this is age discrimination and the fact that this goes on in the NHS is appalling, you can't treat people this way, those children who
are given kuvan will have a extremely difficult time when it's taken away from them, NICE are basically giving them a chance to make
something of themselves and be the best they can be and then take it away from them during the most important part of their lives, and they will
be hit with this new diet that is so extremely difficult to manage along with a wave of mental health problems they have never experienced that
ALL pku sufferers have to deal with. NICE are discriminating against people of a certain age and this has to stop all pku sufferers must be given
kuvan to help them progress and enjoy life, we never asked for this condition and we all need help.

Respondent 8

Q1. | agree completely with this recommendation

Q2. Ithinkitis a good idea as | myself find it very difficult to manage dietary treatment.

Q3. NICE's statements are contradictory

Q4. no
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Q5. | don't notice the difference of high Phenylalanine levels.

Q6. no

Q7. | don't really have any health issues related to PKU

Q8. | do think nice should take into account the impact of PKU on other family members.

Q9. |think that nice has considered treating people fairly, yes.

Q10. | think they should recommend kuvan to help women manage the risk of maternal PKU

Q11. | do not have any comments or evidence to give to nice

Q12. 1do not have any comment

Q13. | would like NICE to take into consideration the affect of PKU on unborn children

Respondent 9

Q1. | do not agree with stopping access to Kuvan at age 18.

Q2. |find it very difficult to process how this could be a sensible proposal . As a PKU sufferer myself and having a PKU child myself | cannot
imagine it would be kind of me to allow my son to access Kuvan and then withdraw this from him in adulthood. There would need to be a
consideration whether this would be a good option as a child as he would become used to tastes etc that he could not continue into adulthood.
It seems this would be unkind to offer my child knowing that he would then potentially struggle to maintain good levels into adult hood having
had his food choices massively reduced . Teenagers years are so difficult with PkU and that is when | went off the rails . | struggled adhering to
the restricted diet as having classic PKU my choices were so very limited and once | fell off the diet | have never managed to regain the control
to have good levels into adult hood. There are so many issues in adult hood that relate to poor dietary management and i think there has to be
arguement that the allowance of kuvan with adults would reduce costs in other areas such as mental health issues which are massively
affected by poor levels

Q3. | agree with NICE's view that there is no risk of long term brain damage in people with PKU aged over 18;| do not agree with NICE's view

Q4. My family all have PKU and | think it is interesting to see how the blood levels affect the functionality of us adults when our levels are not being
managed well . My husband has had an unexplained subarachnoid brain haemorrhage and although this cannot be directly related to high
levels in PKU it also can not be ruled out either . He is now on long term sertraline . He was a child who was advised he could come off diet at
16 and has done so in a big way but suffers with mental health issues etc and massive health anxiety as there is an unknown factor with PKU.

Q5. My husband with PKU has many classics symptoms of high levels and would never be able to get the levels to where they need to be . He and
| are first generation Pkus and were allowed to come off at an early age . This has had led to issues such as panic , health anxiety , depression
and a general fear of future issues as a result of pku .

Q6. [no response given to this question]

Q7. We live with mental health issues and as such are reliant on anti depressants . We have had kidney issues which have required hospitalisation
. The costs of PKU are not only dietary aids but also many other issues that result from this .

Q8. Pku not only affects us as the patient but the family around . Having been managed well by my family as a child there is a lot of stress and
anxiety caused by High levels in adulthood and indeed the unknown aspect of the future as | grow up . Anyone who deals with PKU has a
stress that goes with it as is a Constant . This is the unknown fear and the severity of the impact of high levels regarding daily functionality

Q9. My brother has learning difficulties and struggles to understand his PKU therefore requires so much more support than an adult of a similar age
with a higher level of intellect . The impact of this on the wider family means that he has to be looked after even though his level of function is
not so bad

Q10. Women who want to have a child who have PKU have control taken away from them . It is imperative that someone with pku has low levels
prior to the conception which in the event of decreased fertility makes dietary adherence so difficult . | Had many issues though out the
pregnancy and even at zero exchanges could not manage my levels as low as they needed to be even though my level of effort and constant
Adherance was exceptional . The stress to my baby and myself was absolutely cropping as nothing more could be done to help me achieve
those low levels.

Q11. [no response given to this question]

Q12. High phe levels can result in children with developmental delay and it is vital that levels are kept low regardless of what is going on .. kuvan
would prove vital in keeping the baby safe in this Scenario

Q13. To offer this to children only is of no help as at some point the luxury of being less restricted will be removed and then they will be required to

manage their requirements going forward . This will breed resentment and anger in many which will mean that the chances of managing the
diet well in adulthood will be severely depleted .

Respondent 10

Q1.

Q2.

Qs.

I do not agree with stopping access to Kuvan at age 18.
| feel like it must be hard for people above 18 and that they deserve this treatment as much as me or anyone under 18

| do not agree with NICE's view
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Q4. no

Q5. it messes my life up like sleep schedule and increases anger
Q6. yes it can effect your future as it can lessen 1Q

Q7. possibly as | do not know any to my knowledge

Q8. I cannot say as its not hard for me

Q9. | don't really know but people should be treated differently
Q10. [no response given to this question]

Q11. [no response given to this question]

Q12. [no response given to this question]

Q13. help adults

Respondent 11

Q1. | do not agree with stopping access to Kuvan at age 18.

Q2. This would change my life having kuvan available. | understand that it is a costly drug however for someone with PKU this drug would eliminate
more than just high blood levels. Anxiety and depression are just a few ti mention. | bet nobody in NICE has PKU? If they did they would
understand what a hard and derogatory condition it is.
| dont quiet understand giving it to a child then at 18 taking them off it? How hard must that be for an 18year old to have a massive life change
for worse? Surely it should be a privilege that when you get to 18 and your brain is developed Kuvan can be introduced into your diet to
maintain a healthy and well balanced adult lifestyle? | understand it is difficult to get children to drink their supplements etc however its just as
hard for adults- this never goes away!!!!

Q3. 1 do not agree with NICE's view
Q4. [no response given to this question]

Q5. Brain fog is legitimate!!!! | woop out of conversation all the time and | can be quite forgetful on something somebody has just told me.
| constantly feel tired and | am deficient in many vitamins so fatigue and exhaustion is real and it can be a major struggle

Q6. | was off diet for 10 years. | appreciate i don't have brain damage however | suffered chronic headaches and the fear, anxiety and depression |
suffered as a result of me not being on a low protein diet were awful | would wish pain like that on anyone. This was due ti be me being in a
'normal diet consuming high levels of phe - So YES high levels of phe can definitely contribute to health
It does make me laugh these questions - if someone in NICE had this i bet this would be a different story. It infuriating having ti fight for
something that would literally change your life, and trying to explain to people without the condition how much of an inconvenience it is -you will
never understand !!!

Q7. | honestly don't feel that all depression is cause by PKU however it can be a causing factor. | dont see why we should be treated unfairly to
anyone else everyone is different so not everyone will suffer in the same way

Q8. The guilt is one of the major things. My mum having ti say NO to everything as a child cause my mum depression seeing me so sad and in the
90s PKU is nowhere where it is today. My family have spent countless hours trying ti make me food | will enjoy and that if free for me to not like
anything. The constant battle they had with me and the feeling of worthlessness.

Q9. No again NICE havnt considered treating people fairly. | would love to have the chance to have a child one day but | fear because of how hard
its going to be to maintain a low protein diet. | dont see why if there is a something that potentially help and assist me through pregnancy why
we are not able to have the chance to have the support of Kuvan to have a child.

Cost is the major barrier here, so obviously something needs to be done to make it easier to get hold of and accessible for all making it fair
across the board.

Q10. [no response given to this question]

Q11. | would love to try for a baby one day. | have massive anxiety that | won't be able to come trol my diet to be able to deliver a healthy baby. Also
if | had a baby and there was something wrong with them because of something | ate or something that made my levels sky rocket during
pregnancy | would NEVER forgive myself. | want to have a chance to have a chance to have a baby just like anyone else.

Q12. [no response given to this question]

Q13. I would like you to consider people and actually pur yourselves in our shoes and imagine how much of a difference it would make to you.
Cheaper alternatives need to be found or bigger budgets- this would mean so much to SO many people.

Respondent 12

Q1. | do not agree with stopping access to Kuvan at age 18.

Q2. | do not agree with letting children take it and then stop. This will encourage poor diet behaviour exactly when they need to have more control.
Children are becoming more independent at this age. This is inappropriate and potentially dangerous. My husband thinks this is the worst time
to make a change in the diet.
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Qa.

Q4.

Q5.

Q6.

Q7.

Q8.

Qo.

Q10.

Q11.

Q12.

Q13.

| do not agree with NICE's view; NICE's statements are contradictory; | have worked with people with brain injury. | do not think the brain is
ever at a point where it cannot be damaged. My husband has PKU. | have seen a deterioriation in his symptoms as get older.

My husband is 51 and came off diet aged 16. His condition deterioriated over time whilst his levels were uncontrolled. He was very tired all the
time, had low mood, was snappy and emotional. He was very forgetful and could not complete basic tasks in the house. His symptoms have
have improved after returning to diet but he still struggle with daily functioning.

| agree with the statement about the affect of high phe. High phe also has an impact on others in the family. High phe affects my husband's
ability to function and other members of the family have to compensate for his deficits.

High phe in the past will affect you in the future. You will not fully recover your brain function. My husband has returned to diet but he has not
achieved a normal level of functioning. He has more energy. | believe the years off diet has impacted him permanently. My husband has a
brain injury - slow processing speed and impaired functioning.

My husband has terrible dental problems relating to PKU diet. He has low bone density. He has low B12. | am worried about higher risks of
Parkinsons and brain related issues. | am worried about the future impact on his health. My husband is at the older range of early treated PKU
patients and their future is not known.

PKU has a massive impact on everyone around him. My husband has cognitive impairments. He needs reminding and help with his PKU
treatment and with everyday tasks. Living with PKU affects everyone's activities, where we can go and what we can do. My husband's mum is
retired but still cooks PKU meals for him as he can't do this himself. | have to help manage my husband's treatment and have to compensate
for his deficits in functioning. He has memory problems. He does not manage risks or plan well and can need supervising.

| disagree with NICE's approach. From my own experience, people that have cognitive problems will need a support network to manage their
diet. PKU is very complicated and if you have cognitive problems you will struggle. If my husband did not have this family support his
functioning would be a lot worse. We buy extra food to help him stay on diet. If people do not have a stable level of phe, you can have a
downward spiral, where you lose your job, can have no income, less family support. This would mean people would be in an even worse
position and more vulnerable. It is not right to leave people without treatment. People with PKU need more support.

More support is needed for pregnant women with PKU.
[no response given to this question]
[no response given to this question]

[no response given to this question]

Respondent 13

Q1.

Q2.

Q3.

Q4.

Q5.

Q6.

Q7.

Q8.

I do not agree with stopping access to Kuvan at age 18.

As a mother to a young infant with PKU | am already aware of the extraordinary amount of care, planning and management that goes into the
low protein diet. It is extremely complex and time consuming, and yet | am coming to it as an adult with a good knowledge of food and cooking.
To place this burden on a person at the age of 18 - when they may be taking exams, starting university, leaving home, starting a new job - is
reckless and will undoubtedly create a crisis for teenagers and young adults. Not least the impact of going through their teens knowing that their
life changing drug will be denied them as of their 18th birthday. PKU does not change at the age of 18, so there is no reasonable justification for
removing treatment at this age.

NICE's statements are contradictory

Putting anyone at risk of brain injury is reckless and discriminatory. In saving money by denying deserving adults the treatment they need you
are creating a cost burden in mental health, other physical and psychological health impacts and to other government agencies - ie the cost of
people unable to work and requiring lifelong additional care.

Although my daughter is very young and | am managing her diet well, the risk of high Phe levels is an ever present underlying worry. This worry
will not go away when she's 18. | fear for her desire to become a mother herself and NICE's decision to ignore the extremely high risk needs of
maternal PKU syndrome is very likely to impact on her. You are therefore creating a gender imbalance by discriminating against adults and
denying them treatment. Your decision may have a direct impact on whether my daughter can safety try to have a baby.

NICE has oversimplified the impact of living with high or low phe levels. It is more than 'brain fog'; it effects a person's ability to work, socialise,
cope with normal every day circumstances most people take for granted.

NICE is creating a longer term health crisis for people with PKU by denying the treatment to people over the age of 18. The full effects of a
lifetime diet of synthetic protein and low natural protein intake is not yet known. NICE is risking the health of our children by denying treatment
that could allow them to follow a healthier diet and forcing them to live on a high sugar diet of processed foods. As well as the mental health
disorders that can lead from PKU (both people on diet who suffer from social isolation and those off diet who suffer from anxiety and depression
due to uncontrolled phe levels) and the physical affects, there is an issue with oral health due to the high sugar nature of the three or four times
daily intake of protein supplements.

As a mum to a 1 year old with PKU | can tell you this is a complex and restrictive diet that requires an advanced knowledge of food and cooking
to even come close to providing appetising and enjoyable food. On top of caring for a 1 year old | spend a lot of time looking for appropriate
recipes, looking at how they could be modified, following various low-protein recipes, buying (expensive) special ingredients, preparing food for
her for nursery (because the kitchen can't supply her with a suitable diet). | am a devoted mother and will do everything to keep my daughter's
PKU under control for as long as she'll need and accept my help. But | can't work more than 2 days a week and can't see myself 