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B.1 Decision problem, description of the technology and

clinical care pathway

B.1.1 Decision problem

e The submission focuses on part of the technology’s marketing authorisation for the
treatment of hyperphenylalaninaemia (HPA) in adults and paediatric patients of all ages
with phenylketonuria (PKU). The submission is narrower than the marketing
authorisation, as the marketing authorisation also includes tetrahydrobiopterin (BH4)
deficiency which is clinically distinct from PKU and is an ultra-rare disease. The PKU
indication within this submission is in line with the NICE scope.

Table 1: The decision problem

Final scope issued by NICE | Decision problem | Rationale if
addressed in the | different from the
company final NICE scope
submission

Population People with phenylketonuria | Same as final scope | NA

(PKU) whose

hyperphenylalaninaemia
(HPA) has been shown to be
responsive to sapropterin
dihydrochloride therapy
Intervention Sapropterin in combination Same as final scope | NA
with a protein-restricted diet

Comparator(s) | Established clinical Same as final scope | NA

management without

sapropterin dihydrochloride

Outcomes The outcome measures to Same as final scope | NA

be considered include:

e phenylalanine
concentration in the blood

e neuropsychological
function

o dietary protein intake

e nutritional biochemistry
(e.g., vitamin B12)

e adverse effects of

treatment

e cognitive and mood
symptoms

¢ health-related quality of
life

Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.
All rights reserved October 2018". Page 9 of 218




B.1.2

Description of the technology being appraised

Table 2: Technology being appraised

UK approved name
and brand name

Sapropterin dihydrochloride (Kuvan®)

Mechanism of action

Sapropterin dihydrochloride (sapropterin) is a synthetic formulation of
tetrahydrobiopterin (BH4), the natural cofactor for the phenylalanine
hydroxylase (PAH) enzyme, which stimulates activity of the residual
PAH enzyme to metabolise phenylalanine (Phe) into tyrosine.

Marketing
authorisation/CE
mark status

The European Commission granted a marketing authorisation
valid throughout the EU for sapropterin dihydrochloride on 1
December 2008 (1).

Sapropterin dihydrochloride also has orphan drug designation
until the 4th of December 2020, granted by the European
Commission (2).

Indications and any
restriction(s) as
described in the
summary of product
characteristics

Sapropterin (Kuvan®) is indicated for the treatment of HPA in
adults and paediatric patients of all ages with PKU who have
been shown to be responsive to such treatment.

Sapropterin is also indicated for the treatment of HPA in adults
and paediatric patients of all ages with BH4 deficiency who have

administration and
dosage

(SmPC) been shown to be responsive to such treatment (3).
As previously stated, this submission does not include the BH4
deficiency indication.

Method of Sapropterin is orally administered.

The starting dose of sapropterin in adult and paediatric patients
with PKU is 10mg/kg body weight once daily. The dose is
adjusted, usually between 5 and 20 mg/kg/day, to achieve and
maintain adequate blood Phe levels as defined by the physician

(3).

Additional tests or
investigations

A responsiveness test is required as stipulated within the
European Medicines Agency (EMA) licence: “A satisfactory
response is defined as a =30 percent reduction in blood
phenylalanine levels or attainment of the therapeutic blood
phenylalanine goals defined for an individual patient by the
treating physician. Patients who fail to achieve this level of
response within the described one month test period should be
considered non-responsive and should not receive treatment
with sapropterin” (3).
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List price and average | The NHS list price per package for sapropterin 100mg (30 x
cost of a course of 100mg tablets) is £597.22. Sapropterin is a weight and dose-
treatment based treatment. The starting dose of sapropterin in adult and
paediatric patients with PKU is 10mg/kg body weight once daily.

This submission assumes an average daily dose of 10 mg/kg
per day for paediatric patients (0-17 years of age) and
12.5mg/kg per day adult patients (=18 years of age). These
doses were informed by the dosages used in the clinical trial
programme and aligns with the content of an integrated impact
assessment (II1A) report produced by NHS England (4)The cost
per patient per year based on these doses would be: 30kg
patient = £21,799; 75kg patient = £65,396 based on the NHS list
price (5).

Patient access A simple patient access scheme PAS application form has been
scheme (if applicable) | submitted to PASLU. The proposed discount off the NHS list
price is . The proposal is awaiting confirmation.

B.1.3 Health condition and position of the technology in the

treatment pathway

Disease overview

PKU, also referred to as phenylalanine hydroxylase (PAH) deficiency, is an autosomal
recessive inborn error of phenylalanine (Phe) metabolism caused by a deficiency in

the enzyme PAH. This enzyme is responsible for converting Phe into tyrosine (Tyr).

This lack of enzyme activity results in elevated blood Phe levels which are toxic to the
central nervous system and cause severe neurological complications, brain
abnormality and cognitive impairment (6, 7). Indeed, if left untreated, PKU can lead to
irreversible intellectual disability (approximately 98% of individuals with untreated PKU
fall within the range of global intellectual disability (8)), as well as microcephaly, motor
deficits, eczematous rash, autism, seizures, developmental problems, aberrant

behaviour and psychiatric symptoms (9).

The basis for neurological dysfunction and subsequent complications (such as
microcephaly, motor deficits, seizures etc.) is twofold. Firstly, elevated Phe competes

at the blood-brain barrier with Tyr causing a reduction in Tyr and subsequently a
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reduction in dopamine and other neurotransmitters. Secondly, elevated Phe
compromises myelination of white matter in the brain (10). The prevalence of these
white matter abnormalities tends to be higher and more severe in older children, those
who are off treatment, or those with high Phe levels (11) and the picture emerging
from the literature of the last 20 years is that over 90% of all PKU patients suffer from
white matter abnormalities (11). These white matter abnormalities are common in early
diagnosed and treated patients (11) and are reversible following a reduction in blood
Phe levels (12).

There is currently no cure for PKU and sapropterin was the first pharmaceutical
treatment licensed to help manage it. PKU is a lifelong condition. Given the severity of
disease, neonatal screening is commonplace in most European countries including
the UK (13).

Elevated Phe in children and adolescents
Children 0-11 years old

Blood Phe concentration during childhood is the major determinant of cognitive

outcome. If blood Phe levels remain uncontrolled, children with PKU can suffer severe
mental retardation and loss of 1Q, microcephaly, seizures and tremors, psychological,
behavioural and social problems, stunted growth, delayed speech and difficulties with

executive thought processes (14, 15).

Children 12-17 years old

Early dietary management to control blood Phe levels is effective in the prevention of
severe and irreversible damage to the grey matter of the brain and the resulting mental
disabilities caused by high Phe concentrations during brain development in childhood.
However, high Phe concentrations in adolescence and adulthood can lead to a
number of reversible complications. Good Phe control during childhood thus allows
forpatients with PKU to have normal/near normal intellectual ability but, with
progressive loss of Phe control, patients develop the following complications (6, 16):

e Neurocognitive deficits, largely related to poor executive function (EF),
including attention deficits, reduced inhibitory control and reduced speed of
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response over multiple domains (17, 18).

e Neuropsychiatric symptoms, including high levels of depression, anxiety and
inattention (17, 19)

e Psychosocial impairments, including lack of autonomy, social maturity deficits

and difficulties forming relationships (16, 20).

Elevated Phe in adults

The effect of high blood Phe is also detrimental to adults; higher Phe is associated
with an increased prevalence of neuropsychiatric symptoms and EF deficits (17).
European PKU guidelines state that deficits in EF, attention problems, decreased
verbal memory and social and emotional difficulties are observed in adults with PKU,

even when treated early (7).

EF refers to higher order cognitive abilities, which encompasses planning,
organisation, cognitive flexibility, inhibitory control and working memory. These are
considered as EF because they require the integration and processing of information

across a range of cognitive domains, sensory modalities and response modalities (8).

Poor EF may also impact treatment adherence and, therefore, lead to psychosocial
deficits that are not always visible. These psychosocial aspects include social
difficulties and psychosocial problems, such as forming interpersonal relationships,
achieving autonomy, attaining educational goals, maintaining steady employment and
having healthy emotional development. The key to reducing the risks associated with

PKU is improved metabolic control throughout life (20).

The neurological complications observed due to elevated Phe are well documented
(6, 7). Untreated PKU can lead to irreversible intellectual disability (approximately 98%
of individuals with untreated PKU fall in the range of global intellectual disability (8) as
well as microcephaly, motor deficits, eczematous rash, autism, seizures,
developmental problems, aberrant behaviour and psychiatric symptoms (9).
Furthermore, neuropsychiatric symptoms such as depression, anxiety and attention

deficit disorder are higher in PKU patients than the general population (17).

Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.
All rights reserved October 2018". Page 13 of 218



Elevated Phe in women of childbearing age

Maternal PKU syndrome refers to the teratogenic effects of elevated maternal blood
Phe on the developing foetus. These high blood Phe levels during pregnancy can lead
to growth retardation, microcephaly, intellectual disabilities and birth defects, including
congenital heart defects (CHD) (9).

Signs of maternal PKU may be evident at birth, but other signs can be delayed and

only observed over the course of an individual’'s growth and development.

Tight Phe control before conception and continually throughout pregnancy is therefore
critically important. Cognitive outcomes in children whose mothers had good Phe
control pre-conception are better than in children whose mothers began or resumed

dietary Phe restriction after conception (21).

The European PKU guidelines (7) recommend the following for maternal PKU:

¢ Women with untreated Phe level >360 micromol/L must be treated to bring Phe
level to 120-360 micromol/L;

e Blood Phe levels before and during pregnancy should be maintained at 120-
360 micromol/L;

e Significant effort should be taken to avoid any unplanned pregnancies in PKU
women; and

e Education and effective contraceptive methods are key elements.

Co-morbidities

PKU patients have increased comorbidities compared to the general population.
Specifically, PKU adults have higher rates of chronic ischaemic disease, obesity,
asthma, renal insufficiency (with and without hypertension), eczema, alopecia,
osteoporosis, gall bladder disease etc. (22, 23). These increased comorbidities have
been attributed to high Phe and are shown to be associated with biological
mechanisms that are related to increased risk of other chronic diseases (24-27), as
well as the consequences of the Phe-restricted diet and medical food nutrition (28,
29).
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Current management

Current management of PKU involves reducing dietary Phe intake by adhering to a
diet that is low in protein Phe for life. This involves avoiding foods rich in protein (e.g.
meats, fish, eggs, standard bread, most cheeses, nuts and seeds), foods and drinks
that contain aspartame, flour, soya, beer, or cream liqueurs. This effectively means
that 85% of ‘normal’ food is harmful to patients and should be avoided or consumed
in extremely small and controlled quantities. A range of Phe-free foods and protein
supplements are available in the UK and are reimbursed by NHS England.
Nevertheless, most patients are unable to achieve or maintain good overall Phe
control through dietary control alone (30, 31) and suffer from significant disease
burden (16) which impacts on their ability to function in society. The impact of a strict
diet is a key determinant of the progressively poorer Phe control in PKU patients as

they age. These patients, therefore, require additional support.

PKU may have a significant impact on the quality of life of patients (both paediatric
and adult), affecting their educational and work performance, social and family
relationships and imposes a substantial burden on caregivers and families (32). An

indirect relationship also exists between quality of life and EF impairment (20).

Aetioloqy of disease

PKU is a general term for a wide spectrum of disease-causing genotypes - more than
1083 PAH gene variants (33) have been identified that result in a mild deficiency in

PAH activity to a total inactivation of PAH enzyme function (34).

Phe is an essential amino acid required for protein synthesis. It cannot be synthesised
de novo in the body and needs to be provided through food. Phe is metabolised into

Tyr by the enzyme PAH using tetrahydrobiopterin (BH4) as a cofactor (Figure 1).
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Figure 1. PAH metabolises Phe into Tyr using BH4 as a cofactor
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In PKU patients, the absence or reduced availability of PAH results in Phe not being

converted into Tyr and, therefore, in an increased blood Phe concentration, which is

illustrated in Figure 2.
Figure 2. Aetiology of PKU and BH4 deficiency
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There is also a complex interaction of Phe with other neurotransmitters, which is

illustrated below in Figure 3. This shows the reduced peripheral production of Tyr and

subsequently dopamine, noradrenaline and adrenaline. Most of Phe obtained from

diet or endogenous proteolysis is hydroxylated, producing Tyr by PAH; however, this

is deficient in PKU. Additional routes include transamination to phenylpyruvate and

decarboxylation in order to synthesise phenylethylamine (35).
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Figure 3. Phenylalanine metabolism
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Since Phe shares a common transport system across the blood-brain barrier with Tyr
and tryptophan, elevated Phe levels limit the entry of Tyr and tryptophan into the

central nervous system (36).

Tyr and tryptophan are precursors to the neurotransmitters dopamine, noradrenaline
and serotonin; therefore, low tyrosine and tryptophan levels in the CNS can impact the
critical regulation of mood, anxiety, and cognition provided by these neurotransmitters
(837-39). As such, neuropsychiatric symptoms such as inattention, hyperactivity,
depression and anxiety are higher in PKU patients than the general population (17)
and high Phe levels adversely affect information processing in the brain (such as

impaired executive function) caused by reduced brain dopamine.

Treatment Guidelines

European guidelines for the diagnosis and treatment of PKU were published in 2017
(7). These guidelines were developed by over 19 medical specialists in the field of
PKU throughout Europe under the auspices of the European Society for
Phenylketonuria and Allied Disorders (ESPKU) (9).
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The guidelines include recommendations for the following:

Treatment initiation
e All patients with untreated blood Phe levels >360 micromol/L should be treated.
e For patients with untreated Phe levels between 360-600 micromol/L treatment
is recommended until 12 years of age.
Lifelong treatment
Lifelong treatment is recommended for any patient with PKU whose blood Phe levels
are greater than 600micromol/L.
Lifelong follow up
All adults with PKU should have life-long, systematic follow up in specialised metabolic
centres due to specific risks which may occur during adulthood.

Target blood Phe levels

Table 3 below details the target Phe levels for PKU patients according to their age.

Neurocognitive assessments
The guidelines also recommend that neurocognitive evaluations should be performed

at 12 and 18 years of age in all patients.

Table 3: Target Phe levels by subgroup.

Population Target range Source

Treated PKU patients up | 120 — 360 micromol/L European PKU guidelines
to the age of 12 years published 2017 (9)
Treated PKU patients | 120 - 600 micromol/L European PKU guidelines
aged >12 years published 2017 (9)
Treated pregnant PKU | 120-360 micromol/L European PKU guidelines
women published 2017 (9)

Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.
All rights reserved October 2018". Page 18 of 218



Clinical Pathway

The aim of the current management strategy is to reduce circulating blood Phe levels
below which they are associated with harm to the brain, whilst at the same time
ensuring sufficient quantities of Phe are available to support optimal growth,
development, and mental functioning while providing a nutritionally balanced diet.

A lifelong Phe-restricted diet, applied immediately on diagnosis, is the mainstay of the
management of PKU. Natural sources of protein are substituted with Phe-free “medical
foods” (40). People with PKU typically use special nutritional products (41), where
foods are categorised according to their Phe content, to design their diet according to
their daily Phe tolerance. The diet is very strict on protein intake (10 to 20% of a normal
diet) (42). The diet excludes many natural protein sources and so, to support normal
growth and development, synthetic protein substitutes, often supplemented with
vitamins and minerals, are added to the diet along with proprietary low protein foods.
Compliance with a diet that is low in Phe can help protect the brain from the neurotoxic
effects of elevated Phe and, if blood Phe levels can be reduced to less toxic levels (as
suggested by the European Guidelines (9)), patients can lead more fulfilling lives.
However, subtle neuropsychological defects remain, on average, relative to their non-
PKU peers, and periodic evaluations of executive, emotional, behavioural and other

neuropsychological functions are recommended, in addition to nutritional status (40).

Despite recent developments, the standard of care for PKU treatment in the NHS
remains this low-protein diet, that completely avoids high-protein foods (such as meat,
eggs and dairy products) with controlled intake of many other foods, such as potatoes
and cereals.(44) In addition, people with PKU must take an amino acid supplement to
ensure they receive all the nutrients required for normal growth and good health. The
Phe restricted diet is divided into three components: synthetic protein substitute, Phe
free foods and natural protein. The dietary products used in the management of PKU

are prescribed by GPs and the expense is born by the primary care budget. (45)

There are many challenges in adhering to a severe Phe-restricted diet in adolescence
and adulthood including the time required for dietary management, poor palatability of
medical food and the difficulty of maintaining diet in work and social situations. Dietary

management can also be difficult to achieve due to neurocognitive deficits associated
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with elevated Phe. Additionally, the limited range of foods that can be eaten can lead
to social isolation. Following a Phe-restricted diet requires patients to plan their meals,
take nutritional supplements appropriately throughout the day and record dietary Phe

and protein intake.

Therefore, adherence to a Phe-restricted diet is extremely challenging with as many
as 75% of adolescents being unable to keep blood their Phe levels within the

recommended target range (30).

As children become older, adherence to the restrictive diet wanes, as demonstrated
across multiple studies. For example, Walter et al, 2002 showed that 79% of 15-19-
year olds had Phe levels above the EU recommended range (30). Similar evidence
has been shown from van Spronsen et al (7) and Ahring et al (43)that 60% and 35%
respectively of > 16 years olds had Phe levels in excess of the EU recommended
range (7, 16, 30, 43). Transition to adulthood is a challenging period for PKU patients
as along with their PKU, they are also faced with challenges in maturation including a
desire for increased independence and peer pressure. These difficulties are

augmented by the necessity to adhere to dietary therapy for their chronic disease (44).

Due to the challenges presented above, Ford et al. reported that only 57% of adult
patients said they were following a prescribed low Phe diet. Seventy-three per cent of
both adults and caregivers of children said they found dietary management difficult.
The top 5 issues affecting the ability to follow diet in adults were: 1) limited food choices
2) diet being too time-consuming to manage, 3) unpleasant protein substitutes, 4)
unpleasant food choices and 5) inconvenience. Additionally, 44% of adult patients
described social exclusion because of their diet. Inability to access suitable food in

restaurants, at work and related social activities was also common (32).

Although data related to the impact of treatment on adult patients with PKU off therapy
for prolonged periods of time are limited, there is some evidence of improvement in
the quality of life. Furthermore, white matter changes in the brain may be reversible
with improved metabolic control. Given the negative impact of a poorly controlled diet,
it is important to monitor metabolic control in PKU throughout the individual's lifetime
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and allocate aggressive efforts to encourage patients with PKU to remain in regular

follow-up control (45).

Phe-free supplements have poor palatability and maintaining metabolic control
becomes more difficult with age, as patients enter adolescence and endure more
pressure from school, peers and their carers control loosens (30). Depending upon
their age, it is estimated that between 30% and 80% of patients by the age of 15 are

unable to achieve or maintain good overall Phe control in spite of dietary limitations.

A similar picture emerges from a study by Cazzorla 2018. Italian PKU patients’
adherence to their PKU diet was found to be unsatisfactory, with increased
consumption of natural protein sources and reduced daily use of amino-acid
supplements with compliance affected by increased social pressure and poor

palatability of the supplements (46).

Sapropterin is currently under consideration by NHSE Clinical Priorities Advisory
Group for routine commissioning in England, for the treatment of phenylketonuria (all
ages). As stated in the Clinical Commissioning Policy proposition, NHS England has
recognised the unmet need in treatment for PKU patients and has concluded that there

is enough evidence to consider making sapropterin available. (47).

The introduction of sapropterin into the clinical pathway can help PKU patients
maintain their Phe levels within the EU guideline targets and increase their ability to
consume natural protein (48), while at the same time decreasing the need to take
protein supplements. Furthermore, the maintenance of Phe levels within normal
parameters will help deal with the detrimental effects on children and adults living with
PKU.

Burden of PKU

Detrimental effects of elevated blood Phe in children and adults

Blood Phe levels consistently above EU guidelines, as discussed above, have been
associated with suboptimal outcomes in children, adults, and in pregnant women with
PKU. Uncontrolled PKU causes blood Phe to stay chronically elevated.(44, 49, 50)
Some of the outcomes associated with uncontrolled Phe have been captured by Enns,
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2010(16) who undertook a systematic review of the literature and found a range of
sub-optimal outcomes. These fall into the following categories:

¢ Neurological outcomes;

e Quality of life outcomes;

e Growth / nutritional deficiencies;

e Bone pathology issues;

e Associated co-morbidities

These outcomes are observed in patients who have been unable to control their blood

Phe levels despite current management with diet.

¢ Neurological outcomes (neurocognitive and neuropsychiatric)

The main effects of PKU are on the neurological function of patients. The abnormally
high blood Phe levels are toxic to the brain and lead to severe, irreversible
neurophysiologic damage including microcephaly (decreased brain and skull size) and
defects in the myelin sheaths that surround nerves and aid neurotransmission. The
brains of PKU patients who have not managed to reduce their Phe show evidence of
hypomyelination and gliosis, arrest in cerebral development and, in some cases, white
matter degeneration (11, 12, 15, 51). The resulting non-physical symptoms of high
blood Phe concentration can be severe. This white matter degeneration has been

observed in magnetic resonance imaging (MRI) of the brain of PKU patients (11, 12).

Cognitive and motor functions are dependent on both the structural integrity of specific
brain regions as well as the tracts connecting these brain structures. These deficits
can lead to impaired speed of neural transmission, impaired cognitive and motor
deficits which manifests as poor co-ordination, visual functioning, processing speed,

language, memory and learning and attention and executive function (11).

Cleary et al, 1995 demonstrated that adolescent and adult patients with white matter
abnormalities (as demonstrated through MRI scans) who maintained a strict Phe-free

diet had greater improvements in their MRI score (indicating improvement) compared
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to patients who did not follow a strict diet. Indeed, the largest change in MRI was seen

in patients who returned to a strict diet and lowered blood Phe to <400microol/L (12).

Elevated Phe in the brain impacts mood, causes impaired executive function (which
interferes with the ability to perform basic cognitive tasks such as focusing, memory,
planning and impulse control) and leads to a range of co-morbidities including anxiety
and depression (52). These tasks play a critical role in fulfilling responsibilities of
adolescence and adulthood such as schooling, acquiring and maintaining
employment, forming relationships, managing money, raising a family, and driving.
Bilder's 2016 systematic review and meta-analysis highlights the significant lifelong
disability caused by the toxic effects of excess blood Phe and identifies 26
comorbidities associated with PKU, including severe neurological complications,
psychiatric disorders including anxiety, depression and attention deficit hyperactivity

disorder (ADHD), cognitive deficits and intellectual impairment (17).

High blood Phe concentration during childhood is the major determinant of
neurological disease and cognitive outcomes. If children and parents do not manage
to reduce the blood Phe, children with PKU, especially below the age of 11 years old,
can suffer severe mental retardation, intellectual disability and loss of IQ,
microcephaly, seizures, ataxia and tremors, motor deficits, psychological, behavioural
stunted growth, and, in many cases, features of autism. From an age of about 6
months, these children exhibit developmental problems, such as delayed speech,
which may be accompanied by aberrant behaviours including self-harm, aggression,

impulsivity, and psychosis (6, 14, 15).

This is especially detrimental for paediatric and adolescent PKU patients, being at risk
for multiple neuropsychiatric impairments, as it can adversely affect their educational
performance. Academic difficulties in patients with PKU may be a function of the
ADHD symptoms, executive functioning deficits, verbal memory and learning, vision-
motor coordination and processing speed deficits that PKU patients experience, all of

which are known to affect academic performance (18, 53, 54).
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Children with PKU on diet have significantly lower IQ than unaffected peers, studies
have shown that patients with PKU have substantially lower average 1Q when
compared to general population (55). A meta-analysis showed a 1.9-4.1 point
reduction in 1Q for every 100 umol/L increase in mean lifetime Phe concentrations in
PKU patients (56).

The toxic effects of high blood Phe levels are also detrimental to adults, even when
treated early. Adults with PKU that have been left untreated or poorly treated during
childhood can have permanently lowered 1Q, neurological complications such as
tremor and fine motor control deficits, reduced EF, attention problems, decreased
verbal memory, social and emotional difficulties, and significantly higher prevalence
rates of psychiatric iliness than the general population (8, 9, 17, 20, 52). Indeed, if left
untreated, PKU can lead to irreversible intellectual disability with approximately 98%

of individuals with untreated PKU falling in the range of global intellectual disability (8).

Neuropsychiatric symptoms such as depression, anxiety and attention deficit disorder
are higher in PKU patients than the general population (17). The Bilder 2016 meta-
analysis shows that high Phe levels adversely affect information processing in the
brain (such as impaired EF) due to the reduced brain dopamine production, PKU
patients with high Phe levels demonstrate significant reductions in attention, inhibitory
control, and impulse control. Interventional and comparative studies show improved
neurological performance in lower Phe cohorts. In contrast, higher Phe is associated
with an increased prevalence of neuropsychiatric symptoms and executive functioning
deficits. Findings further support lifelong low Phe maintenance (17) in individuals with
PKU, and the recently published EU PKU guidelines recommend:
¢ regular clinical management for psychiatric function (at symptom onset),
e neurological function (when neurodegeneration occurs, otherwise annual
examination in adults); and
e neurocognitive functioning (assessments at 12 and 18 years, otherwise when
indicated) (9).
Lowering blood Phe reduces the prevalence of these neuropsychiatric and

neurocognitive symptoms (17).
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e Quality of life outcomes

The societal burden of PKU is driven by reduced quality of life for both patients and
caregivers. Part of this reduced quality of life may be due, in part, to reduced EF. Many
studies have reported EF deficits in children and adults (55, 57-59). Inattention and
behavioural difficulties are detrimental to self-esteem and emotional development (20)
and an indirect relationship has been demonstrated between quality of life and EF

impairment (60).

The PKU diet is considered a heavy burden by patients, carers and healthcare
professionals and the management of PKU is time-consuming for both adult patients
and caregivers of PKU-affected children. The reasons for this are because patients
and caregivers need to obtain the low-protein food products, plan the patient’s daily
Phe intake, prepare the daily menu (often involving extra cooking), and prepare and
take (or supervise the intake of) supplements. Furthermore, blood Phe levels have to

be closely monitored with regular blood tests. (61)

Assessing a patient’s quality of life via self-reporting is extremely challenging. Patients
with PKU are less able to report their own quality of life due to reduced executive
function, which contributes significantly to hidden disabilities in these patient groups
(20). As a result, patients are less able to undertake a subjective evaluation of his or
her own functioning and emotional well-being. These challenges are also observed in

other diseases areas such as psychiatry (62).

A number of health-related quality of life (HRQoL) studies have been undertaken in
PKU across a range of countries and populations (63-71); the results, however, lack

consistency due to:

e The use of a variety of generic and specific measurement techniques used to
capture quality of life of patients and their carers;
¢ Blood Phe was not always collected in these studies;

e Sample sizes were invariably small; and
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e Disease-specific tools have been found to be less sensitive and lacking
discriminant qualities (such as Phe levels) although some neurocognitive tools

have been effective in showing disease description.

Further research is ongoing regarding the development of new and relevant disease

specific quality of life tools.

e Growth and nutritional deficiencies

The mainstay of controlling Phe prior to the introduction of pharmacological therapy
has been optimal dietary management. This consists of following a Phe-restricted diet

(avoidance of high-protein foods) along with Phe-free protein supplements.

PKU patients can experience nutritional problems, possibly as a result of PKU directly,
but perhaps linked to the need to follow a Phe-restricted diet. A study by Enns 2010
(16) identified 34 studies (since 2000) relating to growth and nutrition in PKU patients
of which 29 studies reported sub-optimal outcomes. These suboptimal outcomes
included deficiencies in several essential nutrient and micronutrients, increased body
mass index (BMI), altered folate metabolism, plasma lipid peroxidation and other

oxidative stresses.

A large retrospective longitudinal study in Spain compared anthropometric
characteristics in early-diagnosed HPA or PKU patients and healthy subjects (72). The
results indicate that physical growth was impaired in patients with PKU, but not in
those with mild-HPA. The two well-differentiated periods where height fell well below
z-score = 0, were from birth to two years and on reaching adulthood. The findings were
supported by another study that reported nutritional status and physical growth of 25
children with PKU in Jordan (73). All participants had been diagnosed by screening at
birth; started dietary treatment early in life; were on a special PKU low protein diet as
guided and were monitored by the health care centre. The results indicated that 48%
had poor physical growth; 66% of 4-6-month olds, 40% of 8-12-month olds, 28% of 2

year olds and 57% of 4 year olds were underweight.

e Bone pathology
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There is a higher prevalence of osteopenia and osteoporosis reported in individuals
with PKU which may be related to diet, elevated blood Phe levels, and/or abnormal
bone metabolism. Peak bone mass is reduced in individuals with PKU from childhood
(74, 75) but it is unclear whether this is the consequence of the disease itself and/or

the dietary management of PKU (40).

e Associated comorbidities

In addition to the effects of PKU on neurological function, quality of life and bone
pathology and growth, recent evidence from real world databases have highlighted the
impact PKU has on the development of co-morbidities. This is demonstrated in a
publication by Burton, 2018 (22) and a recent publication by Trefz et al. (76) which
demonstrated higher prevalence rates of a range of co-morbidities in PKU patients
compared to non-PKU controls. These comorbid conditions include for example, renal
insufficiency with and without hypertension (diets high in amino acids can lead to
greater renal workload), obesity, osteoporosis, gastritis, urticarial and calculus of the
kidney (see Figure 4 below). The clinical manifestations of PKU are considered to be

related either to the elevated blood Phe levels or the Phe-restricted diet.

In addition, a few published reports of somatic comorbidities among PKU patients have
shown higher prevalence of renal impairment, proteinuria, arterial hypertension, and

obesity among PKU patients (77-79).
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Figure 4. Adjusted prevalence ratio of comorbid conditions in PKU patients
compared with non-PKU controls

2.20
Renal insufficiency with hypertension
2.06
Overweight —l—
1.57
Renal insufficiency without hypertension
1.57
Gastritis and esophagitis ——
1.55
Calculus of kidney
1.50
Alopecia and baldness —
1.45
Esophageal disorders m—
) 1.44
Osteoporosis -
1.44
GERD | S|
1.43
Urticaria
1.37
Anemia m—
1.32
Asthma B—
1.31
Gallbladder diseases (gallstones, cholecystitis) Hll—
1.25
Dermatitis and eczema B
1.24
Allergic and chronic rhinitis B

PR (95% CI)

Source: Burton 2018 (22)

Another retrospective database study (23) in Germany showed similar results (Figure
5).
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Figure 5. Prevalence ratios of selected comorbidities in PKU Patients compared
with control subjects

Figure 1. Prevalence ratios of selected comorbidities* in PKU patients compared with control subjects
PKU Control
n=377 n=3,770
Prevalence | Prevalence | Prevalence
ratio (%) (%)
Intellectual disabilities < —— 21.02 5.6 0.3
Developmental disorders + —_— 12.21 2.9 0.2
Psychosis / schizophrenia - | ] 2.81 2.4 0.8
Phobias 4 —_— 2.62 2.9 1.1
Behavioral conduct - —— 2.59 1.9 0.7
Epilepsy / convulsions 4 —— 2.26 3.2 1.4
Anxiety / phobias 4 —— 1.82 10.6 5.8
Anxiety ——i 1.81 9.3 5.1
Personality disorders 4 ¢F—e——— 1.73 2.4 1.4
Movement disorders / Parkinsons / tremors ——i 1.68 4.2 2.5
Pregnancy 4 k—e—— 1.60 4.0 2.5
Dementia 4 H———— 1.54 2.1 1.4
Osteoporosis / bone fractures - o—l 15 13.0 8.5
Adiposity Fo- 1.41 16.2 11.5
Depression 1 bo- 1.33 19.6 14.8
Fatigue / malais o o= 1.21 5.3 4.4
Malnutrition / nutricional deficiencies 4 He— 1.17 4.5 3.8
Diabetes / metabolic syndrome - - 1.11 42.7 38.4
Alimentary anemia 7 He— 1.10 4.2 3.9
Pain disorders 1 He= 1.09 7.7 7.1
Migraine / headache 1.08 11.7 10.8
Sleep disturbances 1 1.05 8.8 8.3
Substance abuse - L 0.69 6.9 6.9
0 2 4 6 8 20 40
*No PR generated for conditions in which <5 PKU patients had the condition - ADD/ADHD, alcohol dependency, bipolar disorder, cognitive and/or personality changes secondary fo
GMC, eating disorders, multiple sclerosis, OCD, PDD (autism spectrum disorders), and Tourettes/tic disorders. Red coloring highlights significant comorbidities based on PR and 95%
Cl values.

Source: Trefz (76)

Metabolic control becomes more difficult with age. Walter et al found 79% of subjects
aged 15-19 years old had Phe levels greater than the clinically recommended range
(30). A recent study by the National PKU Alliance showed that over 50% of subjects
with PKU reported that their disease was difficult to manage; 61.5% of adults reported
blood Phe greater than the recommended range, and the ability to control blood Phe

worsens with age (80).

A study by Bilder et al (17) has shown that PKU is associated with significantly higher
prevalence rates of neuropsychiatric comorbidities including inattention, hyperactivity,

depression and anxiety when compared to the general population.

An interim analysis (22) of a further retrospective study examining the burden of illness
in adults with PKU showed that as blood Phe concentrations increase capabilities for

executive functioning and self-regulation diminish skills that are essential for jobs with
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higher levels of independence. This study is ongoing and continuing to enrol subjects
to further assess the relationship between blood Phe levels and executive functions in
PKU adults as compared with healthy (non-PKU) matched control subjects (22).

Societal and Carer Burden associated with PKU

In 2018, the National Society for Phenylketonuria (NSPKU) (32) conducted one of the
largest surveys that has been completed by both adults with PKU and parents/
caregivers of children in order to report the practical, social and psychological issues
of living with PKU. Many PKU patients reported a struggle with long-term dietary
management and they were only able to adhere to this with variable success. In
addition, PKU affected physical, psychological and emotional health, social wellbeing,

interpersonal relationships as well as education and work.

Reported problems experienced by children and adolescents with PKU included
difficulty with maintaining focus, educational difficulties, anxiety or depression and
gastrointestinal symptoms. A large percentage of children (51%) reported social

exclusion and relationship issues with friends or family (32).

Problems identified in the survey that are experienced by adults include depression or
anxiety, difficulty maintaining focus and low mood. Difficulties with relationships, social
exclusion and gastrointestinal issues were experienced. Patients were also found to
be taking antidepressants and anxiolytics, which is consistent with the consequences

of elevated Phe and the impact on neurotransmitters (32).

The psychiatric burden on carers of PKU patients has also been found to be
significantly higher compared to parents of healthy children. A study by Gunduz 2015
(81) investigated the existence and severity of depression and anxiety in parents of
children with PKU. The authors found depression and anxiety scores were significantly

higher in the PKU patient carer group than the parents with healthy children.

A cross-sectional study conducted in the UK to identify time and financial burden of

caregivers of early and continuously treated children with PKU reported median time
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burden associated with managing PKU for caregivers to be 19.3 hours per week
(range 0-79). Organising, preparing and cooking low phenylalanine meals (in addition
to regular meals for the rest of the family) were the most time-consuming tasks (82).

Caring for a child with PKU can have a negative impact on the carers professional life
with over half of all caregivers in one study reporting an impact on their jobs from
having a child with PKU (82). Caregivers have indicated that PKU treatment regimen
was too time consuming to manage alongside their current working pattern (82).
Changes to employment included: changed job (4.7%); reduced working hours
(20.8%); stopped work (23.6%) and no change (50.9%).

The economic burden of PKU is driven by lifelong medical care, productivity losses
due to ill health and neurocognitive deficits, and time spent managing the disease (20,
83, 84). The economic burden on patients and caregivers can include the direct costs
of living with PKU, which relates to resource utilisation in managing the condition, such
as low-protein foods, supplements, medications, laboratory monitoring, and
healthcare visits. There may also be indirect costs such as those arising from the loss

of productivity.

Ford’s survey states that maintaining a lifelong low Phe diet is not a realistic option for
many adults with PKU with some adults describing how they find dietary management
complex, impractical and as a result have abandoned treatment or withdrawn from
medical care entirely. Some of the adults who had stopped dietary treatment in

childhood felt it was inconceivable to recommence diet (32).

In addition to the surveys published in the literature, BioMarin convened two advisory
boards with PKU clinical experts to explore primarily the economic and societal impact
of PKU on patients, caregivers and healthcare professionals. The first advisory board
was held on 19" November 2018 with four PKU clinical experts. Dr Yusof Rahman,
Prof. Anita Macdonald, Dr. Saikat Santra and Dr Germaine Pierre attended.
The clinical experts stated:
e There is a significant work burden being undertaken by the PKU clinicians that
is often not recognised. For example, ongoing telephone advice to patients /
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families / carers is carried out by the experts but it is generally not captured as
it is not face-to-face appointment or a telephone appointment that is in place of
a face to face appointment and therefore no local tariff is applied. The clinicians
are providing this service through goodwiill.

e Patients and carers have ad hoc communication with clinical experts for pre-
school and school advice (occasionally experts might have to do a school visit)
and children's trips / travels/ activities.

e PKU patients are often in need of professional psychological support, which is
not only increasing the economic burden but also strains the capacity of the
social services.

e The carer burden is strenuous and many people with PKU are eligible for the
middle rate disability living allowance (DLA) which is £57.30 / week for children
and adults (85).

A second advisory board was held with Dr Germaine Pierre, Diane Green, Dr Radha
Ramachandran, Dr Tarekegn Hiwot, Dr Gisela Wilcox and Dr Saikat Santra. Dr
Ramachandran, Dr Hiwot and Dr Wilcox are collectively experienced in the care of
approximately 50% of the UK adult PKU population, whilst Dr Pierre and Dr Santra are
collectively experienced in the care of approximately 20% of the UK paediatric PKU
population. An advanced practitioner in metabolic disease and experienced dietitian

also gave advice (86).

Feedback was provided via virtual meetings held over two separate days along with a
series of questionnaires. The goal of these meetings was to gain an understanding of:
1. The clinical burden by age group who could have the greatest benefit
(e.g. age specified by NICE)
2. The quality of life benefits by age group (and caregivers)
3. The strength of the evidence base to reflect clinical reality (long term
registry data)
4. The cost and utility inputs necessary to validate the economic modelling

5. The approach necessary to secure reimbursement
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The following key findings were the main outcomes of the tw meetings and related

questionnaires:

e The experts identified paediatric patients, adolescents, women of child-bearing
age and pregnant patients (maternal PKUs) as key patient sub-groups with
elevated disease burden that could benefit most from sapropterin.

e The requirement to follow the Phe-restricted diet as part of standard therapy in

PKU is a key determinant in reducing the quality of life of patients and parents
| caregivers

e Compliance with the Phe-restricted diet (the current standard of care) was
estimated as 87.5% of 0-4 years and 5-11 years, reducing to 79.5% in
adolescents and 64.2% of adults

e The percentage of adolescents and adults who are symptom-free and optimally
controlled is likely to be significantly lower than the compliance results suggest.
While many patients can be minimally compliant with what is expected of them,
this does not equate to them achieving optimal control at a desirable Phe level

e Adherence to the restricted diet reduces as children approach adolescence, as
social interaction and peer pressure creates a significant barrier to adherence

e |t was estimated that in the paediatric PKU population, 10% have difficulties
with schooling, and 20% have poor social functioning caused by poor Phe
control. When asked to score how the availability of sapropterin could influence
this, all participants agreed that it would make either, somewhat, or a significant
difference

e There was consensus that good early Phe control and optimal PKU
management in childhood contributes to better academic achievement and
social functioning, which is then carried forward into adult life

e Social wellbeing can be improved if the diet can be relaxed, as a highly
restricted diet acts as a constant reminder of the disease. Some coping
strategies are socially isolating

e Poor PKU management in childhood can contribute to serious issues in
adulthood, including complex eating disorders, a lack of self-worth, anxiety, and
depression. Therefore, it was widely agreed that it is important to achieve good
control in early years to establish a ‘mindset’ that will continue throughout life
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e |t was estimated that in the adult PKU population, 38.3% struggle with executive
functioning, over a fifth (22.1%) struggle with forming social relationships, and
almost a third (31.7%) struggle with other symptoms (inattention, mood etc.).
When asked to score how the availability of sapropterin could influence this
amongst responsive patients, all participants agreed that it would make either
somewhat, or a significant difference

e There was broad consensus that the report capturing the Swedish health utility
data for adults is reflective of the UK PKU population (87)

e Consensus was reached around the greater impact of PKU on the health
utilities of the paediatric population, subject to the same levels of dietary control
and ongoing symptoms of uncontrolled PKU

e The decrease in health utility of parents or carers of PKU patients reflects the
impact of this disease on the quality of life of parents, caregivers and the patient
themselves

e There was an indication that overall, 14% of the paediatric PKU population and
26% of the adult PKU patient population would ultimately benefit from

sapropterin therapy, were it made available (86).

In summary, both advisory boards concluded that PKU exerts a significant clinical,
economic, social and financial burden on patients, caregivers and society, even when

patients are trying to follow the Phe-restricted diet.

B.1.4 Equality considerations

BioMarin requested the evaluation of sapropterin under a Highly Specialised
Technology (HST) evaluation as it believes sapropterin fulfils all the necessary criteria.
The Single Technology Appraisal (STA) pathway does not accommodate the specific
issues associated with a rare disease treatment (such as the nature of the evidence)
which is targeting a very small patient population for lifetime therapy. An evaluation
under the STA pathway will be disadvantageous potentially to the adult PKU
population in whom it may be difficult to demonstrate cost-effectiveness. As such, the
equality consideration relates to the adult population who will be disadvantaged by an
STA.

Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.

All rights reserved October 2018". Page 34 of 218



Additional considerations then arise if adults cannot be shown to meet the stringent
incremental cost-effectiveness thresholds that form part of the STA process. From the
first advisory board convened by BioMarin in 2018, clinicians experienced in the
management of PKU expressed their concern with limiting to certain populations
based on their age. Patient advocacy groups such as the NSPKU had voiced the same
concerns relating to equity of access, marginalisation of sub-groups and issues
relating to implementation in specific groups of patients. Many of the early treated, but
poorly controlled patients, affected by ongoing symptoms caused by high Phe levels,
can suffer from mental health issues including anxiety, depression, phobias,
withdrawal and cognitive impairment. They can be both unaware of, and unable to
articulate, the disease burden that they suffer from on a day to day basis. The resulting
disability paradox, where patients have a diminished ability to understand the full
consequences of their clinical condition, also extends to their inability to understand
how they effectively manage the disorder. There is risk that this group of patients are
therefore being discriminated against with the current standard of care, as effectively
these individuals on a practical level (in relation to their inability to manage their diet),
have no therapy. As a direct result of this, and the stigma attached to therapy failure,
they are disengaged from the specialised treatment centers and their only informed
source of help and support. Access to second line therapies for these disadvantaged
sub-groups of patients (unable to cope with the standard of care), would go some way

to addressing this discrimination.

Given this is now being evaluated under an STA programme, these equality issues

still exist.
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B.2 Clinical effectiveness

B.2.1 Identification and selection of relevant studies

A systematic literature review was undertaken (original search conducted 25"
September 2018 and updated 13" July 2020) to identify all relevant studies on
phenylketonuria and tetrahydrobiopterin deficiency in accordance with NICE
methodology. The search strategies (keywords) were developed specifically for each

database to identify all studies relating to:
1. Clinical evidence;
2. Cost and resources;
3. Economic data; and
4. Health state utility values and mapping algorithms.

Please refer to Appendix D for a full list of keywords and search terms used for each
database. Only studies conducted in humans were sought. Searches were not limited

by language or publication status (unpublished or published).

Please see the PRISMA flow chart below for the systematic review undertaken of

clinical evidence to support this submission.

The screening process is summarised in a PRISMA flow diagram for the original and
update search in Error! Reference source not found.. Individual PRISMA diagrams

for the original and update search are provided in Appendix D.
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Figure 6. PRISMA Flow-chart for study identification and selection of clinical
evidence (original search, conducted 25" September 2018; updated search,
conducted 13t July 2020)
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Abbreviations: CENTRAL, Cochrane Central Register of Controlled Trials; CDSR, Cochrance Database of
Systematic Reviews; CSR, Clinical Study Report; DARE, Database of Abstracts of Reviews of Effects; PKU,
phenylketonuria; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SR,
systematic review
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B.2.2 List of relevant clinical effectiveness

Trials providing clinical effectiveness evidence are listed in Table 4 (RCT data),
Abbreviations: AEs, adverse events; HPA, hyperphenylalaninaemia; NR, not
reported; Phe, phenylalanine; PKU,

phenylketonuria; PLA, placebo; PRD, Phe-restricted diet; pts, patients; RCT, randomised controlled trial; SAP,
sapropterin; wk, week; yrs, years

Table 5 (single-arm follow-up/extension studies from RCTs) and
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Table 6 (observational data).
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Table 4: Clinical effectiveness evidence — RCTs

pts, >=8 yrs old,
BH4-responsive

pts, mean age
7.3 yrs, BH-4-
responsive with
PAH deficiency

PKU pts, mean age
20 yrs, some with
ADHD

Study [Clinical Levy et al. 2007 | Trefz et al. Burton et al. 2015 Muntau et al.
trial name or (5, 88) 2009 (89) (90) [NCTO01114737] | 2017 (91)
primary author | pKyo03 PKU006 ASCEND / PKU016 | SPARK
surname, year

published]

Study design Phase llI, Phase llI Multinational, Phase llIb,
multinational, multinational, multicentre double- multinational,
multicentre, multicentre, blind, parallel-arm, multicentre,
double-blind, double blind, randomised PLA- open-label,
randomized, randomized, controlled study randomised
PLA-controlled PLA-controlled controlled trial
trial trial

Population Paediatric PKU Paediatric PKU | Paediatric and adult | Paediatric PKU

pts, <4 yrs old,
BH4-responsive

memory, planning/
organising,
organising materials,
and monitoring) and
BRI (impulsivity and
hyperactivity
measure)

Intervention (s) | SAP + diet SAP + PRD SAP + PRD SAP + PRD

Comparator(s) PLA + diet PLA + PRD PLA + PRD PRD

Does trial Yes Yes No Yes

support

application for

marketing

authorization?

Is trial used in No No No No

economic

model?

If no, rationale See below See below See below See below

Reported Phe Phe Phe concentration in | Phe

outcomes concentration in concentration in | blood, concentration in

specified in the | blood, AEs blood, protein neuropsychological blood, Phe

decision intake, AEs function, AEs tolerance,

problem neuromotor
development
and physical
growth
parameters
(height or
length, weight
and maximal
occipital-frontal
head
circumference)

All other NR NR BRIEF GEC and MI NR

reported scale (includes

outcomes initiation, working
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Abbreviations: AEs, adverse events; HPA, hyperphenylalaninaemia; NR, not reported; Phe, phenylalanine; PKU,
phenylketonuria; PLA, placebo; PRD, Phe-restricted diet; pts, patients; RCT, randomised controlled trial; SAP,
sapropterin; wk, week; yrs, years

Table 5: Clinical effectiveness evidence - single-arm follow-up/extension
studies from RCTs

Study [Clinical trial

Lee et al. 2008 (92)

Burton et al. 2011b

Rutsch et al. 2018

name or primary PKU004 (93) (94)

author surname, year (follow-up of PKU003) | PKU0O8 (follow-up of | SPARK extension

published] PKU004 / PKU0OG) study

Study design Multinational, Phase IlIb Multinational,
multicentre, open- multinational, multicentre, open-

label, 22-week
extension study

multicentre, open-
label, 3-year extension
study

label, 36-month
extension of the
SPARK study

Population

PKU and HPA pts >=8

PKU pts >=8 yrs, BH-

Paediatric PKU pts, <4

yrs, who had 4-responsive, who had | yrs old (at start of
participated in the 6- participated in SPARK RCT), BH4-
wk RCT PKU0O03 PKUO004 responsive
(PKUOO1/PKUO003) or
PKUO006
Intervention (s) SAP + PRD SAP + local site SAP+PRD (previously

recommendations for

on SAP+PRD in

dietary control SPARK)

Comparator(s) N/A (uncontrolled) N/A SAP+PRD (previously
on PRD only in
SPARK)

Does trial support Yes No No

application for

marketing

authorization?

Is trial used in No No No

economic model?

If no, rationale See below See below See below

Reported outcomes Phe concentration in AEs Phe concentration in

specified in blood, AEs blood (interpretation

the decision problem only), Phe tolerance,
AEs

All other reported NR Bioavailability data for | Withdrawal due to AEs

outcomes

intact vs dissolved
tablets

Abbreviations: AEs, adverse events; HPA, hyperphenylalaninaemia; NR, not reported; Phe, phenylalanine; PKU,
phenylketonuria; PRD, Phe-restricted diet; pts, patients; RCT, randomised controlled trial; SAP, sapropterin; wk,
week; yrs, years
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Table 6: Clinical effectiveness evidence — observational data

Study Longo et al. Burton et al. | Trefz et al.
[Clinical trial 2015, 2007 (96) 2015, Muntau
name or Lilienstein et PKU001 et al. 2018 (48,
primary author | al. 2017 (5, 95) 97)
surname, year [NCT00778206] INCT01016392]
published] PKUDOS KAMPER
Study design | Single country, | Multinational, | Multinational,
multicentre, multicentre, multicentre,
observational open-label, observational
registry prospective registry
observational
study
Population Paediatric, PKU pts, Paediatric and
adolescent, and | mean age adult PKU pts,
adult PKU pts, 21.8 yrs, not | mean age 17.1
age range 0-63 | adhering to yrs, BH-4-
yrs strict Phe- responsive with
restricted diet | PAH deficiency
Intervention SAP + Phe- SAP SAP + Phe-
(s) restricted diet restricted diet
Comparator(s) | N/A N/A N/A
Does trial No Yes No
support
application for
marketing
authorization?
Is trial used in | Yes Yes Yes
economic
model?
If no, rationale See below
Reported Phe Phe Phe
outcomes concentration in | concentration | concentration in
specified in blood, protein in blood, AEs | blood, protein
the decision intake, AEs of tx intake, AEs of
problem tx
All other | NR NR NR
reported
outcomes

Abbreviations: AEs, adverse events; EAP, expanded access programme; FDA, Food and Drug Administration;
KAMPER, Kuvan® Adult Maternal Paediatric European Registry; N/A, non-applicable; PAH, phenylalanine
hydroxylase; PKUDOS, The Phenylketonuria Demographics, Outcomes and Safety registry; SAP, sapropterin; tx,
treatment; yrs, years
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Rationale for not using the following trials in the economic model

A detailed description of each of the following clinical trials is provided in sections 2.2-

2.6 of this Document B. However, none of these trials were used in the economic

model for the following reasons:

PKU-001 PKU-001 was the study from which the pivotal Phase lll trial, PKU-003, and
its extension PKU-004 draw their population. This study was not included in the
economic model because it had short follow up period, it was not a controlled trial, and

patients were not on a Phe-restricted diet.

PKU-003 The results of this study support lowering Phe levels and this is the pivotal
phase Il study and placebo-controlled. This study was not included in the economic

model because of the short duration of the study.

PKU-004 The results of this study support safety and tolerability of long-term
treatment. This study was not included in the economic model because of the duration

of the study.

PKU-008 The results of this study support the safety and tolerability of sapropterin
treatment. This study was not included in the economic model because Phe intake

was not monitored.

PKU-016 The results of this study support data on neuropsychiatric symptoms in
relation to Phe levels. This study was not included in the economic model because the

study focusses on neuropsychiatric symptoms.

SPARK The results of this study support data focused on patients 0-4 years old. This

study was not included in the economic model because the age limitation of the study.

In summary, the clinical trials are largely historical; the registry data are longer-term,
in a real-life setting and, therefore, far more compelling as data sources for the

economic model.
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B.2.3 Summary of methodology of the relevant clinical

effectiveness evidence

The safety and efficacy of sapropterin in PKU patients has been studied over many
years in a comprehensive clinical development programme that includes Phase I, I,
lllb and IV studies. These studies have been undertaken across a range of patient
groups (such as patients below the age of 4 years, or those with maternal PKU) and
patient relevant endpoints (such as reduction in Phe levels, Phe tolerance and

neurological outcomes).

In addition, the manufacturer is sponsoring a range of registries as part of the EMA'’s
post-approval commitments. The purpose of these registries is to collect long-term,

real world data on the benefits and safety of therapy with sapropterin.

The clinical development programme to date comprises a Phase |l screening study
(PKU-001), seven Phase lll/llib studies (PKU-003, PKU-004, PKU-006, PKU-016,
PKU-008, SPARK, and PKU-015) and five Phase IV registry studies (PKUDOS,
KAMPER, PKUMOMS, ENDURE and KOGNITO). A comparative summary of the
methodology for each of the trial in the clinical development programme is presented
in Table 7.
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Table 7: Comparative summary of trial methodology

Trial Locatio | Trial design | Eligibility criteria Settings Interventions Primary outcomes Other outcomes
number n
(acronym)
PKU-001 North A phase 2, - Age >/= 8 years Interventional, 489 patients were treated Degree and frequency of Safety
(Phase 2) America multicentre, - Blood Phe level >/= 450 | non- with 10mg/kg sapropterin response as demonstrated
(96) and open-label, umol/L at screening randomised, administered orally once daily | by a reduction in blood Phe
Europe single group - Clinical diagnosis of open-label for 8 days. There was no levels
(30 sites) | study PKU with HPA comparator
documented by past Phe levels recorded at
medical history of at least Disallowed concomitant Baseline (day 1) and on
one blood Phe medication: corticosteroids, day 8
measurement >/= 360 methotrexate, levodopa, or
umol/L (6 mg/dL) vaccines
PKU-003 North A phase 3, - 8 years of age and older | Multicentre, After being randomised in 1:1 | Change in blood Phe levels | - The mean change in
(Phase 3) America multicentre, - received at least 7 out of | interventional, ratio, 42 patients received 10 | from baseline to week 6 weekly blood Phe
(88) and randomised, 8 scheduled doses in randomised, mg/kg/day sapropterin, 47 levels during 6 weeks
Europe double-blind, Study PKU 001 double-blind, patients received placebo Phe levels recorded at of treatment
(30 sites) | placebo- - responsive to placebo- Baseline (1 and 2 weeks - The proportion of
controlled, 6- sapropterin in Study PKU- | controlled study | Sapropterin (provided in before randomisation and subjects that had
week study 001, tablets containing 100 mg of | week 0 of assessment) and | blood Phe < 600

- Blood Phenylalanine
level >/=450 ymol/L at
screening

sapropterin each) or placebo
(provided as tablets similar to
sapropterin tablets) was
administered orally once daily
in the morning dissolved in 4—
8 0z (120-240 mL) of water,
apple juice, or orange juice

Disallowed concomitant
medication: corticosteroids,
methotrexate, levodopa

on week 6.

pumol/L at Week 6
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PKU-004 North A phase 3, - 8 years of age and older | Multi-centre, Subjects received oral doses | Safety and tolerability of - Safety and
(Phase 3) America multicentre, - Received =2 80% of the open-label of sapropterin (intervention) long-term treatment. tolerability of 3
(92) and open-label, scheduled doses in PKU- | extension study | taken once daily for 22 difference doses;
Europe extension 22 003, unless removed from weeks. There was no Phe levels recorded at - Effect of various
(30 sites) | week study the study after exceeding comparator. Sapropterin was | Baseline (week 0) and doses on blood Phe
the Phe alert level value provided in tablets containing | weeks 2, 4, 6, 10, 12, 16, levels;
defined in PKU-003 100 mg of sapropterin and 20 and 22. - Population
dissolved in 4-80z (120-240 pharmacokinetics;
mL) of water, apple juice, or - Reduction of Phe
orange juice. levels over a 24-hr
The study was divided in 2 period;
parts. In Part 1, all subjects - Persistence of
received sapropterin at a benefit of treatment in
dose of 5, 20, and 10 the subject population
mg/kg/day, respectively, for 2 as evidenced by long-
weeks each, followed by 4 term control of blood
weeks at a dose of 10 Phe levels.
mg/kg/day. In Part 2, subjects
received a fixed dose of 5,
10, or 20 mg/kg/day for 12
weeks.
Disallowed concomitant
medication: corticosteroids,
methotrexate, levodopa
PKU-006 North A phase 3, - Clinical diagnosis of Interventional, A 3:1 ratio sapropterin: Part 1: Response to Change in Phe levels
(Phase 3) America multicentre, PKU with HPA randomised, placebo randomisation was sapropterin, defined as 2 from baseline to week
(98) and double-blind, documented by at least double-blind, used for 90 children with PKU | 30% decrease in blood 3
Europe placebo- one blood Phe placebo- aged 4 to 12 years, who were | Phe from baseline at Day
(15 sites) | controlled, 6- measurement >/=360 controlled on Phe-restricted diets and 8. (90 patients)
week study umol/L (6 mg/dL) had blood Phe levels <480

- Under dietary control
with a Phe-restricted diet
as evidenced by:-
Estimated daily Phe
tolerance </=1000
mg/day

- At least 6 months of
blood Phe control (mean

pumol/L at Screening

Sapropterin provided in
tablets containing 100 mg of
sapropterin each, was
administered orally once daily
in the morning as the number
of tablets equivalent to a

Part 2: Daily Phe
supplement tolerated by
the sapropterin group at
the end of the treatment
period (Week 10) while
maintaining adequate
blood Phe control (ie, blood
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level of </=480 pmol/L)
prior to enrolling in the
study

- Aged 4 to 12 years
inclusive at screening

- A blood Phe level
</=480 pmol/L at
screening

20mg/kg/day dose dissolved
in 4-8 oz (120-240 mL) of
water or apple juice for 6
weeks. A follow-up call or
visit was made 4 weeks later.

Placebo, provided as tablets
similar to sapropterin tablets,
was administered orally once
daily in the morning as the
number of tablets equivalent
to a 20mg/kg/day dose
dissolved in 4 8 oz (120-240
mL) of water or apple juice for
6 weeks. A follow-up call or
visit was made 4 weeks later.

Disallowed concomitant
medication: corticosteroids,
methotrexate, levodopa

Phe concentration <360
pmol/L). (46 patients)

A longitudinal model with
weekly blood Phe
measurements as the
response variable and
treatment group, visit, and
baseline blood Phe
concentration (average of
measurements at
screening, day 1 of Part 1
and week 0 of Part 2) was
set.

PKU-008

(Phase 3b)
(93)

United
States,
Canada
(15
sites),
Europe
(13 sites)

A phase 3b,
multicentre,
open-label,
single group,
extension
study

- Sapropterin responders
who completed either
PKU-004 or PKU-006; or
- Subjects in PKU-006
who terminated early due
to elevated Phe
concentrations after
experimental increases in
Phe intake.

Phase 3b,
interventional,
multicentre,
multinational,
open-label
extension study

111 subjects received
sapropterin orally once daily
at a dose between 5 and 20
mg/kg/day. There was no
comparator. Patients were to
follow local site
recommendations for dietary
control and management of
high Phe concentrations.

All subjects were evaluated
for safety up to three years or
until one of the following
occurred:

- Consent was withdrawn and
study discontinued;

- Subject discontinued at the
discretion of the investigator;

Safety was monitored
every 3 months for:

- Adverse events (AEs)
and serious AEs (SAEs)

- Clinical laboratory
evaluations

- Physical examinations

- Concomitant medication
- Vital sign measurements

Blood Phe Levels
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- Drug became available via
marketing approval,
Study was terminated.

SPARK
(Phase 3b)
91)

This trial
was
conducte
dat22
sites in 9
countries
(2in
Austria, 2
in
Belgium,
1inthe
Czech
Republic,
4in
Germany
,5in
Italy, 2 in
The
Netherla
nds, 3in
Slovakia,
1in
Turkey
and 2in
the
United
Kingdom)

A phase 3b,
multicentre,
randomized,
open-label,
parallel group,
26-week,
controlled
study

- Subjects were male or
female with PKU

- Children aged <4 years
at first day of enrolment
- Had =2 independent
blood Phe levels 2400
umol/L

- Had a previous
response to BH4 test.

- Had good adherence to
dietary treatment.

Phase lllb,
international,
multicentre,
randomised,
controlled

Part 1: screen eligible
patients (n=109)

Part 2: 26-week (6 month)
study period, randomised 1:1
to receive sapropterin (10
mg/kg per day) plus Phe-
restricted diet (n-27) or just
Phe-restricted diet (n=29)
Part 3: 3-year extension
period, all patients receive
KUVAN up to 20 mg/kg per
day

Disallowed concomitant
medication: corticosteroids,
methotrexate, levodopa

Dietary Phe tolerance after
26 weeks of treatment with
sapropterin + Phe-
restricted diet vs. a Phe-
restricted diet alone.

Assessment schedule:
screening (within 42 days
prior Day 1), blood Phe
levels every two weeks.

- Levels of blood Phe
(measured bi-weekly
for first 26 weeks and
then every 3 months
during 3 year
extension period);

- Change from
baseline in dietary
Phe tolerance after
26 weeks;

- Number of subjects
with adverse events;
Neuromotor
developmental
milestones using
Denver
Developmental Scale;
-Neurodevelopmental
status using Bayley Il
Scales of Infant and
Toddler Development
and WPPSI-III;

- Linear Growth; Body
Weight; Maximal
occipital-frontal head
circumference;

- Number of subjects
with HPA;

- Dietary Phe
tolerance; Blood
pressure;

- Number of Subjects
with PAH genotypes;
- Pharmacokinetics —
Apparent clearance
(CL/f), Apparent
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volume of distribution
(VIf), AUCO-infinity,
Tmax, Cmax

PKU-015 United A phase 3b, - Established diagnosis of | An ongoing Study design: In part 1: Long-term efficacy in Long-term safety;
(Phase 3b) States, multicentre, PKU with multicenter, patients received a 4-week preserving neurocognitive Growth;
(99) Canada open-label, hyperphenylalaninemia international trial designed to identify BH4 | function when treatmentis | Neurocognitive
(total of single group (HPA) >= 360 micromol/L | open-label responders. initiated at 0-6 years function;
14 study | study - Age 0 to 6 years old, study to pharmacokinetics
sites) inclusive, at Screening. evaluate the Part 2 is the 7-year trial Phe concentration from
effect of component to evaluate long- baseline calculated from
sapropterin on term effects on the average of phenyl-
neurocognitive neurocognitive function. alanine levels at weeks 1,
function, 2, 3, and 4. Sapropterin-
maintenance of | gypjects who responded to responsive subjects
blood Phe sapropterin and attained a received a baseline
concentrations, | score of 280 on the infant neurocognitive assessment
safety, and developmental test or an 1Q within 6 weeks of
population >80 were eligible to enter part | confirmation of sapropterin
pharmacokineti | o \hich included a 6-month | responsiveness.
cs in children. safety and efficacy evaluation
followed by a long-term Study visits occurred
neurocognitive evaluation for | monthly up to 1 year and
7 years of follow-up. every 6 months thereafter
through year 7. Interim
Disallowed concomitant assessments were
medication: corticosteroids, conducted by telephone
methotrexate, levodopa every 3 months to assess
weight, adverse events
(AEs), and concomitant
medications.
PKU-016 United A phase 3, - = 8 years of age Interventional, A 1:1 ratio sapropterin: - Change in ADHD-RS/ - Effects on anxiety
(also known | States, multicentre, - Confirmed diagnosis of double-blind, placebo randomisation was Adult ASRS Total Score and depression;
as PKU- Canada double-blind, PKU placebo- used. From Baseline to Week 13 | - Effects on
ASCEND) (total of randomized, - Willing to continue controlled. [Time Frame: Baseline to neuropsychiatric
(Phase 3) 36 study | placebo- current diet (typical diet Randomised N = 98 sapropterin - A dose Week 13 ]Effects of 6R- symptoms and global
(90) sites) controlled, 26- | for the 3 months prior to for the first 13 of 20 mg/kg/day was BH4 on symptoms of function over 26
week study study entry) unchanged administered as oral tablets. ADHD in PKU subjects weeks in patients wo

who had symptoms of

have a blood Phe
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while participating in the weeks of N = 108 A placebo tablet was | ADHD at screening in the reduction after
study treatment administered orally for the subjects that had a blood treatment and
first 13 weeks of treatment. Phe level reduction after patients who do not;
treatment with 6R-BH4. - Safety.
Disallowed concomitant - Number of Participants
medication: corticosteroids, With a Score of 1 or 2 in
methotrexate, levodopa CGl-I From Baseline to
Week 13. [Time Frame: 13
weeks ]Effects of 6R-BH4
on global function in PKU
subjects in subjects that
had a blood Phe level
reduction after treatment
with 6R-BH4 at screening.
ENDURE Norway A phase 4, NA Open-label, Sapropterin 20 mg/kg once Percentage of participants | - Number of
(Phase 4) and non- single-arm, daily for 28 + 1 days. with 230% reduction from participants with AEs,
(100) Denmark | randomized, cohort study baseline in Blood Phe level | TEAs,
sites multicentre, No comparator. - TEAs leading to
open-label, withdrawal;
single group, Disallowed concomitant - Percentage of Early-
uncontrolled, medication: corticosteroids, , Late-, and Partial-
28-day study methotrexate, levodopa Responders and Non-
responders;
- Percentage of
participants with
230%, 20- 30%, 10-
20%, and <10%
reduction in blood
Phe levels;
- Percentage of Early-
, Late-, and Partial-
responders according
to phenotype;
- Mean change from
baseline in Blood
Phe-to-tyr Ratio
PKUDOS United A phase 4, Subjects must have a A phase 4, Subjects with continuous To provide longitudinal NA
States voluntary, diagnosis of PKU and voluntary, exposure to sapropterin. observational data of
(total of prospective, have: previously received | prospective,
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(Phase 4 53 study | observational, | sapropterin, are currently | observational, Subjects with intermittent sapropterin safety and
registry) (5, sites) safety registry | receiving sapropterin, or safety registry exposure to sapropterin. efficacy
95) study intend to receive study designed
sapropterin therapy within | to provide Subjects who had prior short
90 days of enrolment. longitudinal terms use of sapropterin
safety and
efficacy data.
KAMPER 85 Observational | Adult or paediatric subject | A phase 4, As this is an observational Incidence and description Incidence of
(Phase 4 clinical Study on the (4 years old or older) of voluntary, study, no diagnostic, of Adverse Events and AEs/SAEs in specific
registry) (48, | sitesin9 | Long Term either gender with HPA prospective, therapeutic, or experimental Serious Adverse Events population (elderly,
97) countries | Safety of due to PKU. observational, intervention is involved (AES/SAEs) children, subjects with
(Austria, sapropterin safety registry renal or hepatic
France, Treatment in study designed insufficiency);
Germany | Patients With to provide Description on
, Italy, Hyperphenylal longitudinal somatic growth (in
The aninemia safety and BH4 deficient children
Netherla | (HPA) Due to efficacy data. < 3 years);
nds, Phenylketonuri Neurocognitive
Slovakia, | a (PKU) or outcomes;
Spain, BH4 Neurological and
Sweden, | Deficiency psychiatric
Portugal) | (KAMPER) assessment; Diet and
. sapropterin treatment
adherence; Long-
term sensitivity to
sapropterin treatment;
Blood Phe levels;
Tyrosine (Tyr) levels;
Pregnancy and
delivery outcomes
KOGNITO Germany | A Phase 4 Patients 4-5 years old Single-cohort, Sapropterin 5-20 mg/kg/day + | Mean Full Scale Height; Weight; Blood
Phase 4 (3 sites), | Open-Label, with PKU interventional, Phe-restricted diet for 7 years | Intelligence Quotient Score | levels of tyrosine,
(Phase 4) Italy (5 Single-Cohort open-label trial (FSIQ) of the Wechsler tryptophan, pre-
NCT01965912 sites), Study of the to evaluate Intelligence Scale for albumin and
Spain (4 Long-Term long-term Children (WISC)-IV methylmalonic acid;
sites), Neurocognitive 1Q score and

Outcomes in 4

subscores; Change in
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UK (5 to 5 Year-Old neurocognitive baseline in FSIQ

sites) Children With outcomes scoreat2,4and7
Phenylketonuri years; Dietary Phe
a Treated With tolerance; Index of
sapropterin for Dietary Control;
7 Years Distribution of PAH

genotype; Number of
subjects with AEs and
SAEs.

Abbreviations: ABPM = Ambulatory Blood Pressure Monitoring; ADHD = Attention-Deficit Hyperactivity Disorder; ADHD RS/ASRS = Attention-Deficit Hyperactivity Disorder Rating Scale and Adult ADHD Self-
Report Scale; AE = Adverse event; AUCO-infinity = Area under the plasma concentration curve, time 0 to infinity; BH4 = tetrahydrobiopterin; CGI-I = Clinical Global Impression-Improvement; CGI-I = Clinical
Global Impression-Severity; CL/f = Clearance; Cmax = Maximum observed plasma concentration; CSR = Clinical Study Report; CTD = Common Technical Document; FSIQ = Full Scale Intelligence Quotient ;
GTPCH = Guanosine Triphosphate Cyclohydrolase; LNAA = Large Neutral Amino Acid; MRI = Magnetic resonance imaging; N = total number of patients; N/A = not applicable; PAD = Peripheral Arterial
Disease; PAH = phenylalanine hydroxylase; PAT = Peripheral Arterial Tonometry; PAG = Parent Global Assessment Scale; Phe = Phenylalanine; PKU = phenylketonuria; PLS-4 = Preschool Language Scale-
Fourth Edition; RCT = randomized controlled trial; SAE = Serious adverse event; SCD = Sickle Cell Disease; SRS = Social Responsiveness Scale; TEAE = Treatment emergent adverse event; Tmax = Time
to maximum plasma concentration; V/f = Volume of distribution; WISC-IV = Wechsler Intelligence Scale for Children; WPPSI-IIl = Wechsler Preschool and Primary Scale of Intelligence

Settings: Settings and locations where the data were collected

Interventions: Trial drugs (the interventions for each group with sufficient details to allow replication, including how and when they were administered) Intervention(s) (n=[x]) and
comparator(s) (n=[x]) Permitted and disallowed concomitant medication

Primary outcomes: Primary outcomes (including scoring methods and timings of assessments

Other Outcomes: Other outcomes used in the economic model/specified in the scope
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Sapropterin (Kuvan® has an EMA licence and an orphan designation since 2008 (2).
Consequently, much of the early clinical trial data underpinning the marketing
authorisation is now either historical or, given its primary regulatory purpose and the
underlying design of the clinical trial, is of short duration. For example, in PKU-003,
the pivotal registration trial, the primary endpoint was reduction in blood Phe
concentrations from Baseline to Week 26. All of the Phase 3 studies are completed

studies.

The more compelling, and longer-term, data evaluating the efficacy and safety of
sapropterin treatment in a variety of PKU patient groups derives from a number of
completed and ongoing Phase 3b studies, as well as Phase 4 patient registries
designed to evaluate the long-term treatment experience of PKU patients in a real
world setting. Taken together, these longer-term data represent the best available, real
world evidence of the treatment benefits of sapropterin in a wide range of paediatric
and adult PKU patients.

For simplicity, therefore, the methodology of the following studies is presented in this

section:

¢ Pivotal registration studies:
o PKU-001 - Phase 2, open label, uncontrolled
o PKU-003 - Phase 3, randomised, placebo-controlled
o PKU-004 - Phase 3, open-label extension of PKU-003
o PKU-016 — Phase 3, randomised, placebo-controlled

e Phase 3b studies:
o SPARK, with active comparator
o PKU-008 — Phase 3b, open-label extension

e Ongoing Phase 4 registry studies providing long-term data:
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o PKUDOS
o KAMPER

Details of the remaining studies (PKU-006, PKU-016, PKU-MOMS, ENDURE and
KOGNITO), are presented in Appendix F. These studies are supportive in providing
evidence of the benefit of sapropterin treatment; however, they have not been used in
the cost-effectiveness model nor have been part of the marketing authorisation
application. Therefore, they have been added in the appendices as further supporting

evidence.

B.2.3.1 Pivotal trials design and methodology
PKU-001

PKU-001 is a completed Phase 2, multicenter, open-label, uncontrolled clinical trial to
evaluate the response to and safety of an 8-day course of sapropterin treatment in
subjects with PKU who have elevated Phe concentrations. The primary publication is
Burton et al, 2007 (96).

A summary of the trial methodology is provided in Table 8.

Table 8. Summary of methodology for PKU-001 (uncontrolled study, completed,
published)

Study name A Phase 2, Multicenter, Open-Label Study to Evaluate the Response
and NCT to and Safety of an 8-Day Course of Phenoptin ™ Treatment in
number Subjects with Phenylketonuria Who Have Elevated Phenylalanine

Levels (NCT00104260).

Objectives Primary objective

(PKU) who have elevated Phe levels.
Secondary objective

e To evaluate the degree and frequency of response to Phenoptin™
(sapropterin), as demonstrated by a reduction in blood
phenylalanine (Phe) level among subjects with phenylketonuria

e To evaluate the safety of Phenoptin™ treatment in this subject
population and identify individuals in this subject population who
respond to Phenoptin™ treatment with a reduction in blood Phe

level.
Location United States of America (12 sites)
Design Interventional, non-randomised, open label
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Duration of 8 days
study
Sample size N =489

Inclusion criteria

Age >/= 8 years
Blood Phe level >/= 450 umol/L at screening

Clinical diagnosis of PKU with hyperphenylalaninemia
documented by past medical history of at least one blood Phe
measurement >/= 360 umol/L (6 mg/dL)

Willing and able to provide written informed consent or, in the case
of subjects under the age of 18, provide written assent (if required)
and written informed consent by a parent or legal guardian, after
the nature of the study has been explained

Negative urine pregnancy test at screening (non-sterile females of
child-bearing potential only)

Male and Female subjects of childbearing potential childbearing
potential (if sexually active and non-sterile) must be using
acceptable birth control measures, as determined by the
investigator, and willing to continue to use acceptable birth control
measures while participating in the study

Willing and able to comply with study procedures

Willing to continue current diet unchanged while participating in
the study.

Exclusion
criteria

Perceived to be unreliable or unavailable for study participation or,
if under the age of 18, have parents or legal guardians who are
perceived to be unreliable or unavailable

Use of any investigational agent within 30 days prior to screening,
or requirement for any investigational agent or vaccine prior to
completion of all scheduled study assessments

Pregnant or breastfeeding, or considering pregnancy

ALT > 5 times the upper limit of normal (i.e., Grade 3 or higher
based on World Health Organization Toxicity Criteria) at screening

Concurrent disease or condition that would interfere with study
participation or safety (e.g., seizure disorder, oral steroid—
dependent asthma or other condition requiring oral or parenteral
corticosteroid administration, or insulin-dependent diabetes, or
organ transplantation)

Serious neuropsychiatric illness (e.g., major depression) not
currently under medical control

Requirement for concomitant treatment with any drug known to
inhibit folate synthesis (e.g., methotrexate)
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e Concurrent use of levodopa
e Clinical diagnosis of primary BH4 deficiency.

Method of Not applicable.
randomisation
Method of Not applicable.
blinding
Intervention(s) | 489 patients were treated with 10mg/kg sapropterin administered
(n=)and orally once daily for 8 days. There was no comparator.
comparator(s)
(n=)
Primary The primary endpoint was blood Phe concentration. For purposes of
outcomes this study, response to sapropterin treatment was defined as = 30%
(including decrease in blood Phe from baseline.
scoring
methods and
timings of
assessments)
PKU-003

PKU-003 is a completed Phase lll, randomised, placebo-controlled study exploring the
efficacy of sapropterin on the reduction of Phe concentration in 89 patients with PKU.

The primary publication is Levy et al, 2007 (88).

Subjects with PKU at least 8 years of age with elevated blood Phe levels at screening,
who had responded to sapropterin in PKU-001 and who were not following a strict
PKU diet, were potentially eligible for enrolment into PKU-003. The primary efficacy
endpoint was change in blood Phe level from baseline at Week 6, a clinically relevant

endpoint in this subject population.

A summary of the trial methodology for PKU-003 is presented in

Table 9.
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Table 9. Summary of methodology for PKU-003 (randomised controlled,
completed, published)

Study name and

A Phase 3, Randomized, Double-Blind, Placebo-Controlled Study to

NCT number Evaluate the Safety and Efficacy of Phenoptin™ in Subjects With
Phenylketonuria Who Have Elevated Phenylalanine Levels
(NCT00104247)

Objectives The primary objective of this study is to evaluate the efficacy of
Phenoptin™ (sapropterin) in reducing blood Phe levels in subjects
with PKU.

Location United States of America (16 sites) and six countries in Europe:
France, Ireland, Germany, Poland, the United Kingdom and Italy (14
centres).

Design Multicentre, interventional, randomised, double-blind, placebo-
controlled study

Duration of | 6 weeks

study

Sample size Sample size was based on calculations for the primary efficacy

endpoint, change in blood Phe from baseline to Week 6.

The sample size calculation assumed a mean difference between
placebo and sapropterin of 150 ymol/L, an SD of 85 umol/L, and a 2-
sided Type | error rate of 0.05. Under these conditions, a sample size
of 80 randomized subjects (40 in each group) would provide over 95%
power to detect a difference in mean blood Phe level between placebo
and sapropterin groups.

Inclusion criteria

e 8 years of age and older
e Received at least 7 out of 8 scheduled doses in Study PKU 001

e Responsive to Phenoptin™ in Study PKU-001, defined as a
reduction in blood Phenylalanine level of >/=30% compared with
baseline

e Blood Phenylalanine level >/=450 umol/L at screening

e Willing and able to provide written informed consent or, in the case
of subjects under the age of 18, provide written assent (if required)
and written informed consent by a parent or legal guardian, after
the nature of the study has been explained

e Negative urine pregnancy test at screening (females of child-
bearing potential)
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e Male and Female subjects of childbearing potential (if sexually
active) must be using acceptable birth control measures, as
determined by the investigator, and willing to continue to use
acceptable birth control measures while participating in the study

e Willing and able to comply with study procedures, including
maintenance of existing diet throughout the study

¢ Willing to continue current diet unchanged while participating in
the study.

randomisation

Exclusion e Perceived to be unreliable or unavailable for study participation or,
criteria if under the age of 18, have parents or legal guardians who are
perceived to be unreliable or unavailable
e Use of any investigational agent other than Phenoptin™ within 30
days prior to screening, or requirement for any investigational
agent or investigational vaccine prior to completion of all
scheduled study assessments
e Pregnant or breastfeeding, or considering pregnancy
e ALT >5 times the upper limit of normal (i.e., Grade 3 or higher
based on World Health Organization Toxicity Criteria) at screening
e Concurrent disease or condition that would interfere with study
participation or safety (e.g., seizure disorder, oral steroid-
dependent asthma or other condition requiring oral or parenteral
corticosteroid administration, or insulin-dependent diabetes, or
organ transplantation recipient)
e Serious neuropsychiatric illness (e.g., major depression) not
currently under medical management
e Requirement for concomitant treatment with any drug known to
inhibit folate synthesis (e.g., methotrexate)
e Concurrent use of levodopa
¢ Clinical diagnosis of primary BH4 deficiency.
Method of 1:1 ratio

N = 42 patients received 10 mg/kg/day sapropterin
N = 47 patients received placebo

Method of At randomisation (Week 0), an interactive voice-response telephone
blinding system was used to maintain blinding.
Study drugs Sapropterin (provided in tablets containing 100 mg of sapropterin

each) or placebo (provided as tablets similar to sapropterin tablets)
was administered orally once daily in the morning dissolved in 4-8 oz
(120—240 mL) of water, apple juice, or orange juice.
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Permitted and
disallowed
concomitant
medications

Subjects were not permitted to take drugs known to inhibit folate
synthesis (e.g. methotrexate). Because co-administration of
sapropterin and levodopa can cause excitability and irritability, the
study also excluded subjects routinely taking levodopa.

During the study, the investigator could prescribe additional
medications as long as the protocol did not prohibit them. In an
emergency, a treating physician could prescribe any needed
medication without prior approval, but the Pl was to notify the medical
monitor of the use of any contraindicated medications immediately
thereafter. Study staff recorded any concomitant prescription or over-
the-counter medications added or discontinued during the study.

Baseline
differences

See Table 10. Sex (gender) was the only difference at baseline
between the treatment groups.

Duration of Subjects who took at least 80% of the scheduled doses of study drug

follow-up, lost to | in Study PKU-003 were eligible for enroliment in an open-label, long-

follow-up term study (PKU-004) in which they would continue to receive

information sapropterin. After Week 6, subjects either enrolled in PKU-004 or
were followed for safety until Week 10.

Primary Change in blood Phe level from baseline at Week 6.

outcomes

(including

scoring

methods and

timings of

assessments)

Secondary e The mean change in weekly blood Phe levels during 6 weeks of

outcomes treatment.

(including e The proportion of subjects that had blood Phe < 600 pmol/L at

scoring Week 6.

methods and

timings of

assessments)

All subjects were asked to undergo screening assessments to determine eligibility for

PKU-003. Within 4 weeks of completing screening assessments, subjects underwent

2 baseline assessments, 1 week apart.

Following a protocol amendment, 80 to 100 subjects entered a double-blind treatment

period in which they were randomised 1:1 to receive either 10 mg/kg sapropterin or

placebo, administered orally once daily in the morning for 6 weeks.
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Subjects were instructed to continue their usual diet without modification (i.e., no
change in Phe consumption) throughout the study. Blood Phe concentrations were
measured 2.5 to 5 hours after breakfast at Weeks 1, 2, 4, and 6, or upon early

withdrawal from the study.

Safety was assessed by recording a medical history, monitoring adverse events and
vital signs, performing physical examinations, and conducting clinical laboratory tests

(chemistry, haematology, urinalysis, and thyroid function tests).

The patient demographics and baseline characteristics are presented by treatment

group in Table 10.

Table 10. PKU-003 Patient demographics and baseline characteristics by

treatment group

Category Placebo Sapropterin Total
group group n=88
n=47 n=41

Sex

Male 24 (51%) 27 (66%) 51 (58%)
Female 23 (49%) 14 (34%) 37 (42%)
Mean Age in years (SD) 19.5 (9.8) 21.5(9.5) 20.4 (9.7)
Age range IQR 8-49 (13-23) | 8-42 (15-29) 8-49 (14-25)
28 years <12 years 11 (23) 6 (15) 17 (19)
>12 years 36 (77) 35 (85) 71 (81)
Race
White 47 (100%) 39 (95%) 86 (98%)
Non-White 0 (0%) 2 (5%) 2 (2%)
Mean weight (kg) 68 64
Blood Phe at screening
Mean +/- SE Blood Phe at| 888 +/-47 843 +/- 47
baseline (micromol/L)
Phe <600 pmol/L 9 (19%) 7 (17%) 16 (18%)
Phe =600 pmol/L 38 (81%) 34 (83%) 72 (82%)

Source: Levy 2007 (88)

PKU-004

PKU-004 is an open-label extension study of PKU-003 designed to evaluate the long-

term efficacy and safety of sapropterin in subjects with PKU who have elevated Phe
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concentrations. The primary publication associated with this study is Lee et al, 2008

(101).

A summary of the study methodology is presented in Table 11.

Table 11. Summary of methodology for PKU-004 (open-label study, ongoing,

published)

Study name A Phase 3, Multicenter, Open-Label Extension Study of Phenoptin™

and NCT in Subjects with Phenylketonuria Who Have Elevated Phenylalanine

number Levels (NCT00225615)

Objectives The primary objective of this trial is to evaluate the safety and
tolerability of long-term Phenoptin™ treatment in subjects with PKU.

Location United States of America (16 sites) and six countries in Europe:
Ireland, France, Poland, Germany, Italy, United Kingdom (14
centres).

Design Multi-centre, open-label extension study.

Duration of 22 weeks

study

Sample size No formal calculation was conducted to determine the sample size for

this study. Subjects who participated in PKU-003 were potentially
eligible to enroll into PKU-004, providing a potential sample size of
approximately 80 subjects, assuming that not all of the 88 subjects
enrolled in PKU-003 would enroll in PKU-004. With 80 people, the
probability of detecting at least one person with an AE is 90% for an
AE with an event rate of 2.8% and 80% for an AE with an event rate
of 2.0%.

Inclusion criteria

e 8 years of age and older

* Received 2 80% of the scheduled doses in PKU-003, unless
removed from the study after exceeding the Phe alert level value
defined in PKU-003

» Willing and able to provide written informed consent or, in the case
of subjects under the age of 18, provide written assent (if required)
and written informed consent by a parent or legal guardian

* Negative urine pregnancy test within 24 hours prior to enrollment
(females of child-bearing potential only)

» Currently using acceptable birth control measures, as determined
by the investigator, and willing to continue to use acceptable birth
control measures while participating in the study

* Willing and able to comply with study procedures

* Willing to continue current diet unchanged while participating in
the study.

Exclusion
criteria

e Perceived to be unreliable or unavailable for study participation or,
if under the age of 18, had parents or legal guardians who were
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perceived to be unreliable or unavailable

e Withdrew from, or otherwise did not successfully complete, PKU-
003 except for subjects who were removed from the study
because their blood Phe exceeded the alert level

e Expected to require any investigational agent or vaccine prior to
completion of all scheduled study assessments

e Pregnant or breastfeeding, or planning pregnancy

e Concurrent disease or condition that would interfere with study
participation or safety (eg, seizure disorder, oral steroid-
dependent asthma or other condition requiring oral or parenteral
corticosteroid administration, or insulin-dependent diabetes)

e Requirement for concomitant treatment with any drug known to
inhibit folate synthesis (e.g. methotrexate)

e Concurrent use of levodopa.

Method of N/A

randomisation

Method of N/A

blinding

Intervention(s) | Subjects received oral doses of sapropterin (intervention) taken once
(n=)and daily for 22 weeks. There was no comparator. Sapropterin was
comparator(s) provided in tablets containing 100 mg of sapropterin and dissolved in

(n=)

4-80z (120-240 mL) of water, apple juice, or orange juice.

The study was divided in 2 parts. In Part 1, all subjects received
sapropterin at a dose of 5, 20, and 10 mg/kg/day, respectively, for 2
weeks each, followed by 4 weeks at a dose of 10 mg/kg/day. In Part
2, subjects received a fixed dose of 5, 10, or 20 mg/kg/day for 12
weeks.

Permitted and
disallowed
concomitant
medications

Subjects were prohibited from taking drugs known to inhibit folate
synthesis (eg, methotrexate) during study participation because of
interference between the activities of pterin and folate reductases.
Because co-administration of sapropterin and levodopa can cause
excitability and irritability, subjects routinely taking levodopa were
excluded from this study.

The investigator could prescribe additional medications during the
study, as long as the prescribed medication was not prohibited by the
protocol.

Primary
outcomes
(including
scoring
methods and

The primary efficacy variable was mean blood Phe level (umol/L).
Blood Phe measurements for each patient at Week 2, 4, and 6 visits,
which corresponded to measurements taken after each 2-week
dosing period (5, 20, and 10 mg/kg/day), were used to estimate the
effect of dose titration on mean changes in blood Phe concentrations.
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timings of
assessments)

(including measured at Week 10, 12, 16, 20, and 22 visits.
scoring
methods and
timings of
assessments)

Secondary Long-term persistence of sapropterin as evidenced by long-term
outcomes control of blood Phe level was assessed using blood Phe levels

Study design

PKU-004 included 80 patients who completed PKU-003 and received >80% of doses
or who were removed from the trial because of high levels of blood Phe. This study

occurred in two parts:

Part 1: Patients underwent forced dose-titration with 3 different doses of sapropterin.
Treatments consisted of 3 consecutive 2-week courses of daily single oral doses of 5
mg/kg/day, followed by 20 mg/kg/day and, finally, 10 mg/kg/day. Following this 6-week
forced dose-titration period, patients continued to receive 10 mg/kg/day for 4 more

weeks.

During this 4-week dose-analysis period, blood Phe concentrations from the Week 2
and 6 visits were evaluated in order to establish the sapropterin dose for each patient
during Part 2 (beginning of study Week 11 through end of Week 22).

Patients who responded to sapropterin treatment in Part 1 of the study, and who
completed Part 2 of the study, underwent 6 weeks of forced dose-titration with 3

different doses of sapropterin.

Part 2: During this 12-week fixed-dose period, which initiated at Week 11, each
patient's daily dose of sapropterin was established within the range of 5 to 20
mg/kg/day on the basis of the patient’s blood Phe concentrations according to the

following guidelines:
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e Patients with a blood Phe concentration of <240 umol/L at the Week 6 visit and
a blood Phe concentration <600 umol/L at the Week 2 visit a fixed dose of 5

mg/kg/day

e Patients with a blood Phe concentration <240 umol/L at the Week 6 visit and a
blood Phe concentration = 600 umol/L at the Week 2 visit received a fixed dose

of 10 mg/kg/day

e Patients with a blood Phe concentration at the Week 6 visit of 2 240 umol/L and

<600 umol/L received a fixed dose of 10 mg/kg/day

e Patients with a blood Phe concentration at the Week 6 visit of =2 600 umol/L

received a fixed dose of 20 mg/kg/day.

Patients receiving sapropterin at a fixed dose of 5 mg/kg per day whose blood Phe
concentration at the Week 12 visit was = 600 pmol/L were instructed to increase their

dose to 10 mg/kg/day for the remainder of the study.

Patients were followed at the clinic at Weeks 0, 2, 4, 6, 10, 12, 16, 20, and 22 and
were instructed to continue their usual diet without modification throughout the study

(i.e, no change in Phe intake per day).

The demographic and characteristics of the study subjects at PKU-004 baseline are

presented in Table 12 by PKU-003 treatment group and for all subjects.

Table 12. PKU-004 demographic and baseline characteristics of study subjects

Characteristic PKU-003 treatment group Total
Placebo Sapropterin (N=80)
(N=41) (N=39)

Gender, n (%)

Male 21 (51) 26 (67) 47 (59)

Female 20 (49) 13 (33) 33 (41)

| Age (years)

N 41 39 80

Mean +SD 19.5+9.9 21.3+93 204+9.6

Percentiles (25%, med, 75™) 13,17,22 14,18,29 14,18,25

Range (min, max) 8, 49 8,43 8,49

Age category (years), n (%)

8< Age <12 10 (24) 5(13) 15 (19)
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12 < Age 31 (76) 34 (87) 65 (81)

Race, n (%)

Caucasian 41 (100) 37 (95) 78 (98)

Asian/ Pacific Islander 0 13) 1(1)

Other: Caucasian/ Black/ Arab 0 13) 1(1)

Standing height (cm)

N 41 39 80

Mean + SD 164 £ 15 166 + 11 165+ 13
Percentiles (25", med, 751) 157, 166, 174 157,167,175 157,166,175
Range (min, max) 126,191 137,186 126, 191

Weight (kg)

N 41 39 80

Mean + SD 69.8 + 26 64.8 + 16 67.3+ 22
Percentiles (25", med, 751) 51,68,78 55,60,76 54,67,76

Range (min, max) 28,144 36,101 28,144

N is the number of subjects who received at least one dose of study drug. For categorical variables,
n is the number of subjects with that characteristic, and percentages (%) were calculated using
subjects with non-missing data. For continuous variables, only subjects with non-missing data (n)
were included in the summary of those variables.

Source: PKU-004 Clinical Study Report.(92, 102)

All 80 patients were included in the intention-to-treat (ITT) analysis. A total of 79
patients completed week 22 of the study: 1 patient withdrew at week 16 due to non-

compliance with study procedures.
PKU-016

PKU-016 is a double blind, placebo-controlled, parallel-arm study enrolled individuals
with PKU = 8 years old who were willing to continue with their current Phe-restricted

diet and comply with study procedures.

The aim of study PKU-016 was to evaluate the therapeutic effects of sapropterin on
PKU-associated symptoms of ADHD, executive functioning, and global functioning in
sapropterin-responsive individuals with PKU. Itis the largest study of ADHD symptoms

and executive functioning in subjects with PKU to date (90).

Subjects with known sensitivity to sapropterin, who had taken sapropterin within 16
weeks, or adjusted or initiated treatment for ADHD, depression, or anxiety < 8 weeks
before study randomisation were excluded. Patients were randomised 1:1 to receive
either treatment or placebo for 13 weeks. At Week 13, those receiving placebo were

crossed over to receive sapropterin for a 13-week open-label treatment period.
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Patients were stratified by age (<18 or 218 years of age), presence/absence of ADHD

symptoms, and ADHD medication use.

Therapeutic response to sapropterin was defined as a 220% reduction in blood Phe

levels following sapropterin treatment.

A summary of the study methodology of PKU-016 is presented in Table 13.

Table 13. Summary of methodology for PKU-016 (randomised controlled,
completed, published)

Study name and

A Double-blind, Placebo-controlled, Randomized Study to Evaluate

NCT number the Safety and Therapeutic Effects of sapropterin on Neuropsychiatric
Symptoms in Subjects with Phenylketonuria (NCT01114737)

Objectives To evaluate the safety and therapeutic effects of sapropterin on
neuropsychiatric symptoms in subjects with PKU.

Location United States of America, Canada (total of 36 study sits)

Design Interventional, double-blind, placebo controlled. Randomised for the
first 13 weeks of treatment.

Duration of | 26 weeks in total: a 13-week randomised treatment period, followed

study by a 13 week open-label extension phase

Sample size 206 subjects were enrolled into the study.

Inclusion criteria

e 2>8years of age

e Confirmed diagnosis of PKU

¢ Willing to continue current diet (typical diet for the 3 months prior
to study entry) unchanged while participating in the study

e Willing and able to provide written, signed informed consent or
in the case of subjects under the age of 18, provide written
assent (if required) and written informed consent by a legally
authorized representative after the nature of the study has been
explained, and prior to any research-related procedures

e Sexually active subjects must be willing to use an acceptable
method of contraception while participating in the study and for
at least 30 days following the last dose of sapropterin

e Females of childbearing potential must have a negative
pregnancy test at screening and be willing to have additional
pregnancy tests during the study. Females considered not of
childbearing potential include those who have been in
menopause at least 2 years, or had tubal ligation at least 1 year
prior to screening, or have had total hysterectomy.

e Willing and able to comply with all study procedure.
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Exclusion
criteria

¢ Has known hypersensitivity to sapropterin or its excipients
e Subject breastfeeding at screening or planning to become

pregnant (subject or partner) at any time during the study

e Use of any investigational product or investigational medical

device within 30 days prior to screening, or requirement for any
investigational agent prior to the completion of all scheduled
study assessments

¢ Received sapropterin within 16 weeks of randomisation
e Have initiated or adjusted medication for treatment of ADHD,

depression, or anxiety < 8 weeks prior to randomization

e Taking medication known to inhibit folate synthesis (eg,

methotrexate)

¢ Any condition requiring treatment with levodopa or any PDE-5

inhibitor

e Concurrent disease or condition that would interfere with study

participation, compliance or safety as determined by the
Investigator

e Any condition that, in the view of the Investigator, places the

subject at high risk of poor treatment compliance or of not
completing the study.

Method of
randomisation

1:1 sapropterin: placebo

Intervention(s)
(n=)and
comparator(s)

(n=)

N = 98 sapropterin - A dose of 20 mg/kg/day was administered as oral
tablets.

N = 108 A placebo tablet was administered orally for the first 13 weeks
of treatment.

Primary
outcomes

Change in Attention-Deficit Hyperactivity Disorder Rating Scale-IV
(ADHD-RS) / Adult ADHD Self-Report Scale (ASRS)

Number of Participants with a Score of 1 or 2 in Global Function
Evaluation (CGI-I).

Secondary
outcomes

Change in Hamilton Anxiety Rating Scale (HAM-A) Score
Change in Hamilton Depression Rating Scale (HAM-D)
Change in CGI-S from Baseline to Week 13

Change in Behavior Rating Inventory of Executive Function
(BRIEF) Adult-Global Executive Composite (GEC) T core
Change in ADHD-RS / Adult ASRS

Change in HAM-A Score

Change in HAM-D Score

Change in CGI-S

Change in BRIEF Adult-GEC T Score with 6R-BH4.
Change in ADHD-RS / ASRS Total Score

Change in HAM-A Score

Change in HAM-D Score

Change in CGI-S

Change in BRIEF Adult-GEC T Score
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Demographic information and subject characteristics at baseline are presented in
Table 14.

Table 14. PKU-016 Demographics and baseline characteristics for study
subjects

Placebo Sapropterin Overall
(n=108) (20mg/kg/day) (n=206)
(n =98)

Age at enrolment (y) | 22.0 (10.44) 23.1 (12.70) 22.5 (11.55)
<18 yrs 43 (39.8%) 43 (43.9%) 86 (41.7%)
> 18 yrs 65 (60.2%) 55 (56.1%) 120 (58.3%)
Sex
Female 54 (50.0%) 41 (41.8%) 95 (46.1%)
Male 54 (50.0%) 57 (58.2%) 111 (53.9%)
Race, White 102 (94.4%) 96 (98.0%) 198 (96.1%)
Blood Phe (umol/L) | 888.9 (472.94) 790.0 (470.28) 841.4 (473.09)
Tyrosine (umol/L) 56.4 (29.88) 55.7 (31.39) 56.1 (30.53)

Source: Burton 2015 (90)

B.2.3.2 Phase 3b studies design and methodology
SPARK

SPARK is a Phase llIb, open label, randomised, controlled study designed to evaluate
the safety and efficacy of saproterin administered in conjunction with a restricted Phe
diet in increasing Phe tolerance (that is, the ability to digest Phe-containing proteins)
versus diet alone in PKU patients aged under 4 years. SPARK is the first controlled
study on sapropterin therapy in PKU patients <4 years in Europe and, as noted in
section 2, a restricted Phe diet is the most clinically-relevant comparator to sapropterin
(91).

After completing the Study Period, subjects were eligible for enrolment in the
Extension Period, in which all subjects who continued in the trial were to receive
sapropterin treatment plus a Phe-restricted diet. For those subjects randomised to the
Phe-restricted diet alone during the 26-week Study Period, their starting sapropterin
dose in the Extension Period was to be 10 mg/kg per day. A dose increase, up to a
maximum of 20 mg/kg per day was to be allowed during the Extension Period. A
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subject’s treatment during the Extension Period was to continue for 3 years or until

commercial product was approved for < 4 year-old subjects with PKU (94).

Table 15. SPARK study — Summary of design, methodology

Name and
Study
Number

A Phase llIb, Multicentre, Open-Label, Randomized, Controlled Study
of the Efficacy, Safety, and Population Pharmacokinetics of
Sapropterin Dihydrochloride (Kuvan®) in Phenylketonuria (PKU)
Patients <4 Years Old. (NCT01376908)

Objectives

Primary:

1. To evaluate the efficacy after 26 weeks of sapropterin treatment
plus phenylalanine (Phe)-restricted diet therapy in increasing dietary
Phe tolerance, as compared to dietary therapy alone in < 4-year-old
infants and children with PKU. Phe tolerance was defined as the
amount of dietary Phe (mg/kg per day) ingested while maintaining
blood Phe levels within the range of 120 to 360 umol/L (defined as =
120 to < 360 pmol/L).

2. To evaluate the safety after 26 weeks of sapropterin treatment in <
4-year-old infants and children with PKU.

3. To evaluate tetrahydrobiopterin (BH4; sapropterin) blood levels via
scheduled population pharmacokinetics (PopPK) samplings.
Secondary:

1. To evaluate blood Phe levels for all subjects during the 26-week
Study Period.

2. To evaluate the effectiveness of sapropterin treatment in increasing
dietary Phe tolerance, as compared with pre-sapropterin treatment
during the 26-week Study Period in < 4-year-old infants and children
with PKU.

3. To assess neurodevelopmental function during sapropterin
treatment, as compared with dietary treatment alone, during the 26-
week Study Period in < 4-year-old infants and children with PKU.

4. To assess potential effects on blood pressure during the 26-week
Study Period and the 3-year Extension Period.

5. To assess potential effects on growth during the 26-week Study
Period and the 3-year Extension Period.

6. To evaluate long-term safety, neurodevelopmental outcomes,
dietary Phe tolerance, and blood Phe levels in the 3-year Extension
Period.

7. To investigate the predictive value of the phenylalanine hydroxylase
(PAH) genotype in BH4 responsive individuals.

Location

This trial was conducted at 22 sites in 9 countries (2 in Austria, 2 in
Belgium, 1 in the Czech Republic, 4 in Germany, 5 in ltaly, 2 in The
Netherlands, 3 in Slovakia, 1 in Turkey and 2 in the United Kingdom).

Study design

Phase lllb, international, multicentre, randomised, controlled

Duration

26 weeks treatment in the study period (followed by a 3-year extension
that is ongoing).
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Method of
Randomisatio
n

After the screening period of 42 days, all eligible subjects were
randomised 1:1 to receive a Phe-restricted diet with or without
10mg/kg sapropterin per day over a 26-week study period.

Randomisation was stratified by age group as follows:
[ <12 months: 15 subjects randomised

112 to < 24 months: 18 subjects randomised

[] 24 to < 48 months: 23 subjects randomised

Sample size

Approximately 50 paediatric PKU subjects <4 years of age at the time
of the Day 1 visit in the 26-week Study Period were to be enrolled in
this trial. Enrolment could be re-opened (i.e., subjects could be
replaced following discontinuation) if the enrolment target of 50
subjects at the start and 46 completers by the end of the 26-week
Study Period was not achieved.

A minimum of 23 subjects per each of the two treatment groups was
needed to complete the Study Period for efficacy analysis purposes.
56 subjects were enrolled in the study and randomised to treatment.

Population

PKU patients aged <4 years at enrolment

Inclusion
criteria

e Subjects were male or female with PKU

Children aged <4 years at first day of enrolment

Had =2 independent blood Phe levels 2400 pymol/L

Had a previous response to BH4 test.

Had good adherence to dietary treatment.

The parent(s) and/or guardian(s) were willing to comply with all trial
procedures.

Exclusion
criteria

If the subject:

e Had taken any preparation of BH4 within the previous 30 days;

e Had a known hypersensitivity to sapropterin or its excipients or to
other approved or non-approved formulations of BH4. — A previous
diagnosis of BH4;

e Were currently using methotrexate, trimethoprim, dihydrofolate
reductase inhibitors, levodopa, or any experimental drug;

e Had a concurrent disease affecting trial participation or increasing
risk of AE; or

e Had a history of organ transplant.

Study drugs

From a total of 109 patients screened, 56 patients were randomised
with 27 subjects in the sapropterin plus Phe-restricted diet group and
29 patients in the Phe-restricted diet only group.

Duration of
follow-up and
lost to follow-
up
information

All subjects underwent a clinic visit 4 weeks post-treatment as a
standard safety assessment.
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Primary

The primary endpoint was the dietary Phe tolerance at 26 weeks,

outcomes defined as the prescribed amount of dietary Phe (mg/kg per day) while
maintaining the mean filter-paper blood Phe levels within the target
ranges of 120-360 umol/L.

Secondary e Safety of sapropterin treatment in infants<4 years ago and children

outcomes with PKU at 26 weeks.

via scheduled population pharmacokinetics (PopPK) samplings.

e Evaluation of tetrahydrobiopterin (BH4; sapropterin) blood levels

Source:Muntau 2017(91), CRS SPARK (103)

SPARK design

Following Screening, eligible subjects were randomized 1:1 to receive either (a) 10
mg/kg per day sapropterin plus a Phe-restricted diet, or (b) just a Phe-restricted diet
over a 26-week Study Period. It was intended that all subjects would maintain blood
Phe levels within a range of 120 to 360 umol/L (defined as = 120 to < 360 umol/L)
through monitored dietary intake during the 26-week Study Period. If after
approximately 4 weeks, a subject’s Phe tolerance had not increased by > 20% versus
baseline, the sapropterin dose could have been increased in a single step to 20 mg/kg
per day (91, 103).

A population pharmacokinetic (PopPK) trial was included in the Study Period, with
collection of baseline (pre-treatment) blood samples for measurement of endogenous
BH4 levels. PopPK samplings were also to be obtained during trial Weeks 5 to 12,
inclusive (91, 103).

Extension Period

Subjects who achieved their 4th birthday during the Extension Period had the option
of remaining in the study or exiting the study and obtaining commercial product, while
those subjects who had their 4th birthday during the Study Period had to complete that

26-week phase, unless prematurely discontinued from the study.

At the end of the 26-week study period, 51 eligible subjects entered the extension
period. The Intention to Treat Extension (ITTE) population for “sapropterin continuous”

and “sapropterin extension” groups consisted of 25 and 26 subjects, respectively;
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corresponding Per Protocol Extension (PPE) populations consisted of 21 and 24
subjects (94).

Baseline was defined as the start date of sapropterin treatment in the study period
(Week 0) for the “continuous sapropterin® group and at the start date of sapropterin

treatment within the extension period for the “sapropterin extension” group (94).

The SPARK extension study was designed to evaluate the long-term safety,
neurodevelopmental outcomes, dietary Phe tolerance, and blood Phe levels over an

additional 36 months of treatment with sapropterin (94).
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Figure 7. SPARK. Schematic of study design

SCREENING (WITHIN 42 DAYS
PRIOR TO DAY 1 OF STUDY PERIOD)
e Confirmed clinical and biochemical PKU
® < 4 years old (at Day 1. the first day of dosing)
e Phe-controlled diet
® Defined Phe tolerance

® DPreviously responded to a BH; test with at least a 30% reduction m
blood Phe levels OR 1if not done pretrial, then had to undergo a BH, test dunng the screening
peniod which confirmed BH, responsiveness (refer to the protocol m Appendix 16.1.1 for
further details).

v

26-WEEK STUDY PERIOD

® Duration: 26 weeks (6 months)

e Subjects randomuzed 1:1 to either (a) Kuvan plus Phe-restricted diet or (b) just a
Phe-restnicted diet

& Starting Kuvan dose 10 mg/kg per day

® Kuvan dose could be increased to 20 mg/kg per day after 4 weeks of treatment if Phe
tolerance had not increased by = 20% versus pretrial results

® Primary objectives: evaluate efficacy, safety and PopPK results

EXTENSION PERIOD
® Evaluate long-term safety and efficacy
® 3 years duration or until availability of commercial product

e All subjects treated with Kuvan Dose increase permitted up to a maximum of
20 mg/kg per day.

Standard 4-week post-treatment follow-up chmc visit to monitor
safety once trial treatment 1s discontinued for all subjects exposed
to at least one dose of Kuvan.

Source: SPARK CSR(103)

Both treatment groups were balanced in all demographic characteristics. The overall
mean x SD age was 21.2 + 12.1 months (range 2 to 47 months) and the overall mean
BMI was 16.5 £ 1.2 kg/m2 (range 14 to 20 kg/mg2). The majority of subjects were
white (96.4%). There were slightly more males (59.3%) than females (40.7%) in the
sapropterin + Phe-restricted diet group and 1 more female than males in the Phe-
restricted diet alone group. Height (cm) and weight (kg) were also balanced across
both groups.

The patient demographics and baseline characteristics are presented by treatment
group in Table 16.
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Table 16. SPARK. Patient demographics and baseline characteristics by
treatment group

Characteristics Statistics Sapropterin + | Phe-restricted | Total
Phe=restricted | diet alone
diet (N = 29) (N = 56)
(N =27)
Age (Months) N (missing) 27 (0) 29 (0) 56 (0)
Mean * SD 21.1+123 21.2+£12.0 21.2+ 121
Median 21.0 21.0 21.0
Q1; Q3 11.0; 29.0 9.0; 27.0 10.0; 28.0
Min; Max 2; 47 2;44 2; 47
Age Group N (%) N (missing) 27 (0) 29 (0) 56 (0)
<12M 7 (25.9) 8 (27.6) 15 (26.8)
12 - <24M 9(33.3) 9(31.0) 18 (32.1)
24-<48M 11 (40.7) 12 (41.4) 23 (41.1)
Sex, N (%) N (missing) 27 (0) 29 (0) 56 (0)
Male 16 (59.3) 14 (48.3) 30 (53.6)
Female 11 (40.7) 15 (561.7) 26 (46.4)
Race, N (%) N (missing) 27 (0) 29 (0) 56 (0)
White 26 (96.3) 28 (96.6) 54 (96.4)
Asian 0(0.0) 1(3.4) 1(1.8)
Other 1(3.7) 0(0.0) 1(1.8)
Height (cm) N (missing) 27 (0) 29 (0) 56 (0)
Mean * SD 82.0+11.3 82.3+11.6 822+114
Median 85.5 85.0 85.3
Q1; Q3 73.0; 88.0 75.8; 90.0 74.0; 89.5
Min; Max 59; 108 57;105 57;108
Weight (kg) N (missing) 27 (0) 29 (0) 56 (0)
Mean * SD 11.3+ 3.1 11.3+2.8 11.3+29
Median 11.7 11.8 11.8
Q1; Q3 9.1; 13.2 9.0; 13.6 9.0; 13.3
Min; Max 5; 20 6; 16 5; 20
BMI (kg/m2) N (missing) 27 (0) 29 (0) 56 (0)
Mean * SD 16.5+1.0 16.5+1.4 16.5+1.2
Median 16.6 16.6 16.6
Q1; Q3 16.0; 17.3 15.6; 17.3 15.7; 17.3
Min; Max 14; 18 14; 20 14; 20

Source: SPARK CSR .(103)

PKU-008

PKU-008 is a completed Phase llIb study designed to examine the safety of extended
treatment with sapropterin in patients with PKU. It is a three-year, open-label extension

study in patients who participated in either PKU-004 (after having previously

Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.
All rights reserved October 2018". Page 74 of 218



completed PKU-001 and PKU-003) or PKU-006. The primary publication associated
with this study is Burton et al (93).

A summary of the design and methodology of study PKU-008 is presented in Table

17.

Table 17. Summary of methodology of study PKU-008 (completed, open-label,

published)

Study name A Phase 3b, Multicenter, Open-Label Extension Study of Phenoptin™

and NCT in Subjects with Phenylketonuria Who Participated in Protocols PKU-

number 004 or PKU-006

Objectives To evaluate the long- term safety of sapropterin in patients with PKU
who participated in studies PKU-004 (after previously completing
PKU-001 and PKU-003) or PKU-006

Location 15 sites in the United States and Canada and 13 European sites.

Design Phase 3b, interventional, multicentre, multinational, open-label
extension study.

Duration of 3 years

study

Sample size 128 subjects were eligible for enrolment. 111 subjects of 4 years of

age or older did enrol.

Inclusion criteria

e Sapropterin responders who completed either PKU-004 or PKU-
006; or

e Subjects in PKU-006 who terminated early due to elevated Phe
concentrations after experimental increases in Phe intake.

follow-up, lost to

Exclusion e Screening alanine aminotransferase value N2x upper limit of
criteria normal (ULN; Grade 1 or higher per WHO Toxicity Criteria);

e Concurrent use of levodopa or folate inhibitors;

e Females who are pregnant or with childbearing potential unwilling

to continue with birth control.

Method of Not applicable.
randomisation
Method of Not applicable.
blinding
Intervention(s) | 111 subjects received sapropterin orally once daily at a dose between
(n=)and 5 and 20 mg/kg/day. There was no comparator. Patients were to
comparator(s) follow local site recommendations for dietary control and
(n=) management of high Phe concentrations.
Duration of All subjects were evaluated for safety up to three years or until one of

the following occurred:
e Consent was withdrawn and study discontinued;
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follow-up e Subject discontinued at the discretion of the investigator;
information e Drug became available via marketing approval;
e Study was terminated.

Primary Safety was monitored every 3 months for:
outcomes e Adverse events (AEs) and serious AEs (SAEs)
(including e Clinical laboratory evaluations

scoring e Physical examinations

methods and |  Concomitant medication

timings of e Vital sign measurements

assessments)

Blood Phe concentrations were assessed 2.5-5 hours after eating.
Abnormal results were repeated until: the cause of the abnormality
was determined; the value returned to baseline or within normal limits;
or the abnormal value was considered no longer clinically significant
by the investigator.

B.2.3.3 Phase IV registry studies providing long-term data

Compelling long-term, real world data in more than 2,700 PKU patients is now
available from the ongoing registry studies (PKUDOS and KAMPER). These data
highlight the long-term (up to 6-7 years of treatment) benefits of sapropterin treatment
when used as an adjunct to a low Phe diet including sustained and clinically
meaningful Phe reduction and the ability to eat more natural protein, as well as a

tolerable safety profile.

Interim efficacy outcomes from PKUDOS and KAMPER are presented in this section

B2.3.3. Safety outcomes are summarised in section B.2.10.
PKUDOS

PKUDOS (Phenylketonuria (PKU) Demographics Outcomes and Safety) is an ongoing
phase 4, voluntary, prospective, observational, safety registry study. As of February
2018, 1922 PKU patients who have previously received or are currently receiving
sapropterin had enrolled in the registry. The study is estimated to complete in late
2025.(104)

Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.
All rights reserved October 2018". Page 76 of 218



In order to evaluate the safety and efficacy data of pregnancy and lactation for

sapropterin-treated women with PKU in the Maternal Phenylketonuria Observational

Program

(PKU-MOMS), a sub-registry of the Phenylketonuria Demographics

Outcomes and Safety (PKUDOS) registry was created, and the interim results are

presented in Appendix F.

A summary of the study methodology is presented in Table 18.

Table 18. PKUDOS. Summary of design, methodology and interim findings

Title

Phenylketonuria (PKU) Demographics Outcomes and Safety Registry
(PKUDOS) is a phase 4, voluntary, prospective, observational, safety
reqgistry study

Study design

A phase 4, voluntary, prospective, observational, safety registry study
designed to provide longitudinal safety and efficacy data on subjects
with PKU who are (or have been) treated with sapropterin.

Objectives

e Long-term safety and efficacy of sapropterin in subjects with HPA,
PKU up to 15 years

¢ Increase knowledge about the course of disease in sapropterin -
treated patients (both responders and non-responders)

e Evaluate impact of sapropterin on blood Phe levels, dietary Phe
prescription and actual intake, concomitant medications,
neurocognitive evaluations and behavioural status over time.

Enrolled to

date

1639 subjects enrolled as at February 2017

Population

Subjects must have a diagnosis of PKU and have previously received
sapropterin, are currently receiving sapropterin, or intend to receive
sapropterin therapy within 90 days of enrolment.

The PKUDOS population consists of 1639 subjects of whom 908 were
continuously exposed to sapropterin from date of registry enrolment.

Age distribution, ranged from 0 to 71 years.

Intervention

Sapropterin

Study arms

Subjects with continuous exposure to sapropterin
Subjects with intermittent exposure to sapropterin
Subjects who had prior short terms use of sapropterin

Outcomes

Primary: To provide longitudinal observational data of saproterin
safety and efficacy.

Abstracts /
publications

Longo N, Arnold GL, Pridjian G, Enns GM, Ficicioglu C, Parker S,
Cohen-Pfeffer JL. Long-term safety and efficacy of sapropterin. The
PKUDOS registry experience. Molecular Genetics and Metabolism
2015;114(4):557- 63 (104)
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KAMPER

The Kuvan Adult Maternal Paediatric European Registry (KAMPER) is an ongoing
observational, multicentre European registry study designed to provide long-term
safety and efficacy of sapropterin treatment in PKU patients. It is due to complete in

2024, with a maximum observation period of 15 years per registry subject (97).

A summary of the key study features is presented in Table 19.

Table 19. KAMPER (The Kuvan Adult Maternal Pediatric European Registry) —
Summary of design, methodology and interim findings

Title Observational Study on the Long-Term Safety of sapropterin
Treatment in Patients With Hyperphenylalaninemia (HPA) due to
Phenylketonuria (PKU) or BH4 deficiency (KAMPER)

Randomised | 627 (estimated)

Population | Adult or paediatric subjects (4 years old or older) of either gender
with HPA due to PKU.

Locations 85 clinical sites in 9 countries (Austria, France, Germany, ltaly, The
Netherlands, Slovakia, Spain, Sweden, Portugal).

Intervention | As this is an observational study, no diagnostic, therapeutic, or
experimental intervention is involved

Comparator | None

Outcomes Primary: Incidence and description of Adverse Events and Serious
Adverse Events (AEs/SAEs).

Secondary: Incidence of AEsS/SAEs in specific population (elderly,
children, subjects with renal or hepatic insufficiency); Description on
somatic growth (in BH4 deficient children < 3 years); Neurocognitive
outcomes; Neurological and psychiatric assessment; Diet and
sapropterin  treatment adherence; Long-term sensitivity to
sapropterin treatment; Blood Phe levels; Tyrosine (Tyr) levels;
Pregnancy and delivery outcomes.

B.2.4  Statistical analysis and definition of study groups in the
relevant clinical effectiveness evidence

Table 20 Summary of statistical analyses
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randomised/

Trial Hypothesis Statistical | Sample size, | Data management,
number objective analysis power patient
(acronym) calculation withdrawals
PKU- 30% reduction | 95% Cls, Sample size, 400 | Phe levels recorded
001(96) in baseline descriptive | patients, initially, | at baseline (day 1)
Phe level on statistics raised to 700 and on day 8.
day 8. patients after 1patient was
response rate excluded due to
lower than 30%. poor compliance, 3
Power patients were lost to
calculation, 26%- | follow up and 1
35%, about 80- discontinued
100 patients treatment for other
reasons
PKU- Based on the Primary Sample size, 80 | LOCF for missing
003(88) results of PKU- | Outcome patients (40 in data. Phe levels
001, a Analysis, each group) recorded at
difference was | covariance | 959 calculation | Baseline (1 and 2
assumed model, power to detect a | Weeks before
between LOCF significant randomisation and
treatment imputation | difference week 0 of
groups in Secondary | between assessment) and on
mean change | Outcome | treatment groups | Week 6 (if week 6
at week 6 of Analysis, at week 6 missing, last
150 (SD 85) longitudinal observation carried
umol/L, and a | model, forward method to
two-sided type | Fisher's impute the data.
| error rate of | Exact Test
0-05. 1 patient
discontinued (non-
compliant with
specified dosing)
PKU-004 To assess Efficacy No formal Blood Phe levels
(92) reduction in analysis: sample-size were measured at
blood [Phe] longitudinal | calculation was the Week 12, 16,
and long-term | model not performed 20, and 22 visits.
persistence of Adverse events and
this response serious adverse
to SAP (wk 12, events were
16, 20, 22) collected between
ICF completed and
the final study visit
PKU-008 Study was Descriptive | No formal 21 out of 111
(93) designed to statistics sample-size patients
monitor safety, calculation was | discontinued the
not not performed study (3 for AE

reasons, 3 were
removed for non-
compliant/
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uncooperative
behaviour, 9
withdrew consent, 4
were not responsive
to treatment and 2
moved away).

plus diet group)

PKU-016 Change in Primary and | Sample size, LS mean used to
(90) ADHD secondary | 200 patients, impute for missing
RS/ASRS total | efficacy 100 per group data (for MMRM
score from endpoints 80% power analysis) and
baseline to were calculation to stratified Wilcoxon
week 13 generated detect projected rank-sum test.
compared the | by analysis | differences ADHD RS/ASRS
treatment of between the and CGI-S were
effect between | covariance | sapropterin and | done at screening
sapropterin- (ANCOVA) | placebo arms, and Weeks 4, 8, 13,
treated and using least | agssuming mean | and 26; CGI-I
placebo- squares improvements in | assessments were
treated (LS) mean | ADHD done at Weeks 4, 8,
subjects with RS/ASRS score | 13, and 26. BRIEF
standard of 13in completed by adult
error (SE), sapropterin- participants at
95% treated subjects | baseline and Weeks
confidence | and5in 13 and 26.
intervals plaqebo-treated No study
(Cl),and P | subjects, a discontinuations
value common SD of
determined | 9, and 2-sided
by t-test Type | error rate
of 0.05
SPARK Improvement Dietary Phe | Sample size, 23 | Blood Phe
in dietary Phe | tolerance: patients per concentrations were
(91, 103) .
tolerance, repeated group measured twice
defined as the | measures Power of 80% to | weekly, diet
daily amount analysis of | demonstrate evaluation every 2
of Phe (mg/ covariance | treatment group | weeks.
kg/day while (ANCOVA). | difference, (Phe | 5 patients
sustaining Pharmacoki | tolerance of 20 | discontinued (2 from
mean blood netic mg/kg/day, the sapropterin plus
Phe levels parameters: | dietary therapy | Phe —restricted diet
(120-360 Non-linear | alone) and group and 3 from the
pMmol/L) mixed-effect | difference of Phe restricted only
modelling 75% group)
(NONMEM) | (sapropterin
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PKUDOS No

formal
hypotheses on
the primary
endpoint.

Phe levels:
analysis of
variance
(ANOVA) at
95%
confidence
A Fisher's

No formal
sample-size
calculation was
not performed

Assessments
performed according
to current medical
practice at each
participating medical
center. Patient
withdrawal: NA
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KAMPER No formal 95% No formal An initial baseline
hypotheses on sample-size visit is followed-up
the primary calculation was | with visits that occur
endpoint. not performed quarterly to annually

(however, after | according to the
assuming a routine care practice
dropout rate of at participating sites
20% over the and the needs of the
full course of the | individual patient
study, an initial
population of
625 patients
was required).

PKU- 001

Primary Outcome Analysis

Response to sapropterin was defined as a 230% reduction in baseline Phe level on
day 8. The choice of the 30% threshold was chosen arbitrarily. Descriptive statistics
for the change from baseline in blood Phe levels were determined for patients who
experienced a response on day 8. The sample size was based on the desired precision
of the estimated response rates. Before any patients were enrolled in the study, the
estimated response rate was 30% and the proposed sample size was 400 patients.
Based on these assumptions, the 95% Cl was 26—-35% and this response rate would
yield 80—100 patients suitable for enrolment into the subsequent long-term phase lli
trial. Subsequent calculations showed the observed response rate to be lower than

30%; therefore, the sample size was increased to approximately 700 to maintain the
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required number of patients. A total of 485 (99%) patients completed the 8-day course
of sapropterin and had Phe levels recorded at baseline and on day 8. The baseline
level was the day-1 Phe level, with the exception of one patient for whom the day-1
Phe level was not available; a Phe value obtained within 4 weeks prior to enrolment

as part of the study eligibility evaluation was used instead (96).
PKU- 003

Primary Outcome Analysis

Baseline was calculated as the average of the blood Phe measurements taken at the
2 baseline visits and the Week 0 visit. If a subject had no post-screening blood Phe
result, then the Screening blood Phe result was used as the baseline measurement.
A single blood Phe measurement was taken at Week 6. For subjects who were missing
their Week 6 blood Phe measurement, the last post-baseline observation carried
forward (LOCF) was used to impute complete data for the analysis.

The effect of sapropterin was evaluated using an analysis of covariance model. This
model had the change from baseline in blood Phe at Week 6 measurement as the
response variable with baseline blood Phe level and treatment as the only covariates.
As a supportive analysis to assess the impact of the LOCF imputation, change in blood
Phe was assessed by an analysis of covariance model with only those subjects who

had both baseline and Week 6 blood Phe measurements (a “completer” analysis) (88).

Missing Data
For subjects without a Week 6 blood Phe measurement, the last available

measurement of blood Phe after baseline was carried forward to Week 6. No other

imputation was performed (88).

Secondary Outcome Analysis

Mean Change in Weekly Blood Phe Levels

A longitudinal model was used to compare the sapropterin and placebo groups with
regard to the mean change in weekly blood Phe levels during the 6 weeks of treatment.
Longitudinal modeling reduces unexplained variability in the response by using
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repeated measurements on each subject, thereby increasing power to detect

differences in the effect of treatment. Important properties of the model are:

e The model is a repeated measures linear model.

e The model uses baseline blood Phe as a continuous covariate.

e The time of measurement and treatment group enter the model as categorical
variables.

e The model uses a compound symmetry covariance structure.

e The model includes a treatment-by-visit covariate; should this covariate be shown
to be statistically insignificant; it was to be removed, and a “reduced” model would
be presented as well as the “full” model.

Week 6 Blood Phe<600 umol/L

Fisher's Exact Test was used to compare the sapropterin and placebo groups with

respect to the proportion of subjects whose blood Phe measurement was <600 pmol/L

at Week 6. Note that the protocol specified < 600 umol/L, but to conform to the defined
baseline strata, the analysis used a <600 pmol/L cut-off.

The analysis was performed for all subjects as well as for the subgroup of subjects

whose Screening blood Phe measurement was = 600 pmol/L (88).

Safety Analysis

All AEs were coded and listed by System Organ Class and preferred term based on
the Medical Dictionary for Regulatory Activities (MedDRA version 8.1) coding
dictionary. A listing summarises by treatment group the frequencies, investigator-
reported relationship to study drug, and severity for all AEs and SAEs that occurred
during the study. Tables summarize laboratory data at Week 0 and Week 6 as well as

changes from Week 0 to Week 6. Clinically significant laboratory results are listed (88).
PKU-004

Efficacy Analysis
The efficacy analyses included data for all subjects enrolled in this study. The data
from each subject had three two-week periods at each of the 3 pre-established doses,

followed by a 10 mg/kg/day dose for 4 weeks, followed by a subject-specific dose for
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12 weeks. The protocol indicated that an analysis of variance for crossover designs
would be used to estimate average within-person changes in Phe level for the three
dose levels. Given the study design, this approach was not appropriate, so a repeated
measures model was used instead. Long-term persistence of sapropterin (as
evidenced by long-term control of blood Phe levels) was assessed using the blood
Phe levels measured at Weeks 10, 12, 16, 20, and 22 (101).

Blood Phe was measured at Week 0 (enroliment visit) of Study PKU-004 if the subject
did not enroll immediately into PKU-004 from PKU-003 (ie, had a treatment gap of > 1
day). If the subject enrolled immediately (ie, no interruption in treatment) into PKU-004
from PKU-003 and had a Week 6 blood Phe measurement from PKU-003, the Week
6 blood Phe measurement was considered the Week 0 visit measurement for PKU-
004. (At the Week 6 visit, when subjects received their last study drug dose in PKU-

003, subjects were either receiving 10 mg/kg/day of sapropterin or Placebo) (101).

The Week 0 visit blood Phe level was defined as the baseline blood Phe measurement

for all efficacy analyses in PKU-004.

Interim analysis
At the completion of Part 1 of the study, an analysis was performed to compare the
safety and tolerability of the 3 different doses of sapropterin and to determine the effect

of the 3 doses of sapropterin on blood Phe levels.

The primary purpose of the study was to evaluate the safety and duration of benefit of
long-term sapropterin treatment in the subject population. Therefore, the study

continued through the end of Part 2 regardless of the efficacy seen in Part 1) (101).

Safety Analysis
The analyses of safety included data for all subjects who received at least 1 dose of

sapropterin. Adverse events and serious adverse events were collected between the
Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.

All rights reserved October 2018". Page 85 of 218



time the subject completed the ICF and the final study visit. For all AEs and SAEs that
occurred during the study, tables summarize their frequencies and percentages and
relationship of the AEs and SAEs to study drug. All AEs were coded and summarized
by System Organ Class (SOC) and preferred term based on the Medical Dictionary
for Regulatory Activities (MedDRA) coding dictionary, Version 8.1 (101).

Missing Data

There was no imputation for missing data. The analyses used all available data.
PKU 008

The objective of this study was to monitor the safety of longer-term exposure to

sapropterin, therefore, the study was neither randomized nor powered for efficacy (93).
SPARK

Primary endpoint:

The following null hypothesis regarding the primary endpoint for the Study Period was

specified in the statistical analysis plan (SAP) and tested:

e HO: The mean dietary Phe tolerance (mg/kg/day) with sapropterin along with
dietary therapy at Week 26 does not differ from the mean dietary Phe tolerance

(mg/kg/day) with dietary therapy alone, against

e H1: The mean dietary Phe tolerance (mg/kg/day) with sapropterin along with
dietary therapy at Week 26 differs from the mean dietary Phe tolerance

(mg/kg/day) with dietary therapy alone.

The dietary Phe tolerance (mg/kg/day) was described using summary statistics at
each visit of the Study Period, according to treatment group (sapropterin plus Phe-
restricted diet; Phe-restricted diet alone) and to age group (< 12 months; = 12 months
to < 24 months; = 24 months to < 48 months). The dietary Phe tolerance during the

Study Period was analysed using repeated measures Analysis of Covariance
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(ANCOVA) on the observed records (103).

Secondary endpoints:

The secondary endpoints were analyzed using descriptive and inferential statistics to

compare the two treatment groups during the Study Period (103).

PKU- 016

Primary and Secondary Endpoints

Total Score from baseline to Week 13 compared the treatment effect between
sapropterin-treated and placebo-treated subjects, with randomization stratification
factors entered as covariates in the sapropterin-Phe responder population and in the
subset of sapropterin-Phe responders with ADHD symptoms at baseline. Treatment
effect estimates in primary and secondary efficacy endpoints from baseline to Week
13 were generated by analysis of covariance (ANCOVA) using least squares (LS)
mean with standard error (SE), 95% confidence intervals (Cl), and P value determined
by t-test. Change from baseline was also analysed with mixed-effect model repeated
measure (MMRM) analysis using LS mean to impute for missing data and stratified

Wilcoxon rank-sum test (90).
PKUDOS

Primary endpoint:
Blood and dietary Phe values were assessed with analysis of variance (ANOVA) at

95% confidence. A Fisher's exact test was used to compare peak blood Phe by cohort.

All interim analyses are focused on two populations based on the use of sapropterin:

e Uninterrupted use population: subjects who have continuously been on
sapropterin.

e Short-term use population: subjects who were on sapropterin <3 months. Dose

gaps were allowed within 3 months of exposure (104).
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KAMPER

All endpoints are analysed using descriptive statistics only. For the primary endpoint
and selected secondary endpoints, 95% Cls were displayed, including overall AE
rates, as well as the rates for AEs of particular interest. Unless otherwise specified,
the 95% Cls around the proportions were calculated using exact methods described

by Clopper and Pearson (48).

B.2.5 Quality assessment of the relevant clinical effectiveness
evidence

The Quality Assessment of each RCT is provided in Appendix D.

B.2.6 Clinical effectiveness results of the relevant trials

The efficacy and safety of sapropterin has been studied in a comprehensive clinical
development programme of completed and ongoing Phase I, lll, Illb and Phase IV
studies, across a range of patient groups (including children under 4 years of age,

patients with maternal PKU and adults) and clinically- and patient-relevant endpoints.

Sapropterin treatment is associated with significant and sustained reductions in blood
Phe levels in responsive patients of all ages, leading to improvements in
neurocognitive and neuropsychological performance. In addition, sapropterin
treatment is associated with, improvement in measures of white matter integrity and
an increase in dietary phenylalanine tolerance allowing for increased consumption of

more natural protein (105, 106).

Table 21 below presents the results of the clinical development programme of the key

studies as presented in section B2.
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Table 21. Results of sapropterin key studies

Endpoints Results
PKU-001 (96) | PKU-003 (88) | PKU-004 PKU-016 (90) | SPARK PKUDOS (95) KAMPER
(101)) (91, 103) (48, 97)
Patients with Phe | 96 patients Sapropterin NA NA NA NA NA
reduction >30%. | (20%, 95% Cl | group:18
of [16%, 23%)]) | patients (44 %,
95% ClI of 28—
60)
placebo group:
4 patients (95%
of Cl 2%—20%)
Change in blood | 391.8 (T Sapropterin NA NA Sapropterin plus | 392 £ 239 uymol/L | NA
Phe levels 185.3) mmol/L | group: -235-9 Phe-restricted (p = 0.0009) after
(257-0) umol/L diet group: 5 years
110.7 (x20.1)
placebo group: umol/L
2-9 (239-5)
pmol/L
Safety and NA NA Sapropterin is NA NA NA NA
tolerability of efficacious at a
long-term range of doses.
treatment
Each patient
showed an
individualised
optimal dose
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Effects of NA NA NA Sapropterin NA NA NA
treatment on group: ADHD
symptoms of RS/ ASRS
ADHD (ADHD change: -3.7
RS/ASRS (1.19-5.9,-1.6)
measurement)
and global Placebo group: -
function (CGlI-I 1.9 (1.1) 9-4.0,
scale) 0.2)
CGl-l scale: 1
(very much
improved) or 2
(much
improved)
sapropterin
(21.7%) placebo
(26.3%) (95%
Cl: 0.46 to 1.64)
Dietary Phe NA NA NA NA Sapropterin plus | 1.7 increase in 1.5to 2 times
tolerance Phe-restricted dietary Phe increase for all
diet group (80.6 | tolerance. ages
mg/kg/day) Phe-
restricted diet 1539 + 840
alone group mg/day after 6
(50.1 years
mg/kg/day).
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B.2.6.1 Pivotal Trials results

PKU-001 results (96)

489 patients were treated with 10mg/kg sapropterin administered orally once daily for 8
days. Patients were instructed to continue their usual diet without modification. Blood
Phe concentrations were measured on Screening, Day 1 (just prior to first dose) and
Day 8.

Of the 485 PKU patients with blood Phe measurements at Day 1 and Day 8, 96 (20%;
95% CIl 16%, 23%]) responded to sapropterin treatment with a reduction of >30% in
blood Phe concentration at Day 8, compared to Day 1. A >=30% reduction in Phe level
was observed in all baseline subgroups, although response was greater in patients with
lower baseline phenylalanine levels Figure 8. The safety data indicated an acceptable
risk-benefit profile, with adverse events (AEs) that were generally mild and minimal

treatment-emergent laboratory abnormalities (96).

Figure 8. PKU-001. Sapropterin responders across a range of baseline Phe levels
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PKU-003 results (88)

Primary Endpoint

Of the 87 patients who completed study PKU-003, 18/41 (44%) of patients treated with
sapropterin had a reduction in blood Phe concentration of 30% or more after 6 weeks
(95% CI 28-60), compared to 4/47 (9%) of patients in the placebo arm (95% CI, 2-20)
(p=0.0002).28 Blood Phe concentration was reduced by 50% or more in 13/41 (32%) of
sapropterin-treated patients (95% CI 18-48), compared to 1/47 (2%) of placebo-treated
patients (95% CI1 0-11). (88) After 6 weeks, sapropterin patients experienced a decrease
in mean blood Phe of 236 (SD 257) ymmol/L, compared to an increase in mean blood
Phe levels of 3 (SD 240) ummol/L in placebo-treated patients (p<0.0001) (88).

The primary analysis showed a significant mean decrease in blood Phe concentrations
for the sapropterin group compared to the placebo group with a difference of 245 + 52.5
pmol/L between treatment groups (p=0.0002). Change in blood Phe was noted in the

sapropterin-treated group at Week 1 and was sustained through Week 6 (see Figure 9).

Figure 9. PKU-003 Mean blood phenylalanine concentration over time.
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Secondary Endpoints

The difference in mean blood Phe between treatment groups at week 6 was 230 + 43.4

pMmol/L (see Figure 10).

Figure 10. PKU-003 Mean change in blood phenylalanine concentration over time.
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Fifty-four percent of the sapropterin-treated patients and 23% of the placebo-treated
patients had Week 6 blood Phe concentrations <600 pmol/L (p=0.004), versus 17% and
19%, respectively, at baseline (see Figure 8). In the subgroup whose screening Phe
had been = 600 umol/L, 15 of 34 (44%) of sapropterin patients and 4 of 38 (11%) of
placebo patients had Week 6 blood levels <600 pmol/L (p=0.003). Thirteen of 41 (32%)
of sapropterin patients and 1 of 47 (2%) Week 6 blood levels <360 pmol/L (p<0.001)
(88).
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Figure 11. PKU-003 Proportion of patients with Phe levels lower than 600
micromol/L

PKU-003: Kuvan® increased the proportion of patients
with Phe levels < 600 pmol/L at week 6
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Adapted from Levy (88)

Overall study conclusions (88)

There was a consistent reduction over time in the average mean change in weekly blood
Phe concentrations in the sapropterin group (p<0.001). Mean blood phenylalanine fell
in the sapropterin group at week 1 and remained lower than in patients in the placebo

group for the duration of the study.

The PKU-003 results suggest that sapropterin treatment might be used as an adjunct

to the restrictive low-Phe diet that PKU patients are prescribed (88).

PKU-004 Results (92)

Primary Endpoint: Forced dose-titration phase (weeks 1-6)

On the primary endpoint in the ITT analysis (n=80), reductions in plasma Phe
concentration were observed in the forced dose-titration phase for all 3 doses of
sapropterin studied(91) These reductions were dose-dependent; mean blood Phe
concentration observed at the end of each 2-week dosing period decreased as the dose
of sapropterin increased, demonstrating an inverse relationship between the highest
dose of sapropterin and mean blood Phe concentrations (92).
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After 2 weeks of treatment the mean blood Phe concentration was reduced for each of
the sapropterin doses overall indicating that, on average, patients experienced a
decrease from Week 0 in blood Phe concentrations with each of the 3 doses (see Table
22 below). The percentages of patients with = 30% reduction in blood Phe
concentrations increased in line with a dose increase suggesting a dose dependent
change in blood Phe level exists. 46% of patients achieved this 30% reduction after an

additional 4 weeks of dosing at 10 mg/kg/day (92).

Table 22. PKU-004 Primary Endpoint. Mean blood Phe reductions with sapropterin
after 2 weeks

Dose/Week Proportion of patients achieving a
30% reduction in blood Phe after 2
weeks of treatment

5mg/kg/day 25%
10mg/kg/day 46%
20mg/kg/day 55%
10mg/kg/day after further 4 | 46%
weeks

Source: Lee 2008 (92)

Primary Endpoint. Dose-Analysis Period (Weeks 7—10)

At both the Week 6 and Week 10 visits (during which all patients were on a 10 mg/kg/day
dose), 46% of patients experienced a = 30% reduction in blood Phe from Week 0. In
addition, the mean blood Phe concentrations remained essentially unchanged from
Week 6 to Week 10(92).

During the forced dose-titration and dose-analysis phases of the study, the mean (SD)
plasma Phe concentration decreased from 844.0 (398.0) mmol/L (14.1 [6.6] mg/dl) at
baseline (week 0) to 743.9 (384.4) mmol/L (12.4 [6.4] mg/dl) at week 2, 580.8 (398.8)
mmol/L (9.7 [6.7] mg/dl) at week 4, 639.9 (381.8) mmol/L (10.7 [6.4] mg/dl) at week 6,
and 645.2 (393.4) mmol/L (10.8 [6.6] mg/dl) at week 10 (see Figure 12) (92).
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Figure 12. PKU-004 Primary endpoint. Mean plasma phenylalanine
concentrations over time.
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Secondary Endpoint. Fixed-Dose Period (Weeks 11-22)

During the fixed-dose period, each patient’s fixed sapropterin dose was based on
his/her Week 2 and Week 6 blood Phe concentrations. Overall, 8%, 46%, and 46% of
patients received 5, 10, and 20 mg/kg per day sapropterin, respectively. On average,
patients maintained low blood Phe concentrations (ranging from 619.8 to 652.2 umol/L).
These results suggest the persistence of effects for sapropterin for at least 10 weeks.
Moreover, almost half of the patients (44% to 49%) had a = 30% reduction in blood Phe

concentrations from Week 0 consistently throughout this period.

Patients receiving a fixed-dose of 10 or 20 mg/kg/day achieved comparable mean blood
Phe concentrations at Weeks 12, 16, 20, and 22 as they had previously achieved on

the same dose in the dose-titration period (92).
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Overall study conclusions

Sapropterin decreased mean blood Phe concentrations after 2 weeks by: 100.1 pmol/L
at 5 mg/kg/day, 204.1 umol/L at 10 mg/kg/day, 263.3 umol/L at 20 mg/kg/day. Change
in blood Phe correlates with the dose of sapropterin. Study PKU-004 demonstrates that
treatment with sapropterin can reduce and sustain reduced blood Phe concentrations

over a period of 22 weeks (101).

PKU- 016 Results (90)

Primary efficacy endpoints were change in symptoms of ADHD based on Total Score
on the ADHD Rating Scale (RS) completed by parents/guardians of
children/adolescents and the adult ADHD Self-Report Scale (ASRS) and measurement
of executive function based on the results of the Clinical Global Impression of
Improvement (CGl-I) after 13 weeks of treatment. ADHD RS/ASRS and Clinical Global
Impression of Severity (CGI-S) were done at screening and Weeks 4, 8, 13, and 26;
CGl-l assessments were done at Weeks 4, 8, 13, and 26 (90).

Secondary endpoints included the Global Executive Composite (GEC) and Index scores
from the Behavior Rating Inventory of Executive Function (BRIEF), completed by
parents of child participants, and the adult self-reported BRIEF, completed by adult
participants at baseline and Weeks 13 and 26. Results of the CGl-I scale between
baseline and Week 13 in sapropterin responders with ADHD symptoms at baseline, as
well as the change in ADHD symptoms in all sapropterin-responsive participants

following the open-label treatment phase from weeks 13 to 26, were reported (90).

118 (57%) of the 206 subjects that enrolled at 36 sites in Canada and the United States
were responsive to sapropterin treatment. 38 of these patients (32%) had symptoms of
ADHD at baseline, with 84% of these not being medicated for ADHD symptoms.
Subjects treated with sapropterin revealed improvements in ADHD inattentive
symptoms and executive functioning, indicating that these symptoms are potentially

reversible when blood Phe levels are reduced (90).
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The mean blood Phe level in the sapropterin group declined within the first 4 weeks of
treatment and remained lower throughout the study period than at baseline. After
placebo-treated subjects switched to sapropterin at Week 13, mean blood Phe levels in
that arm declined by Week 26 (see Figure 13 below) (90).

Figure 13. PKU-016 Primary Endpoint. Mean blood Phe levels for all sapropterin
responders (N=118)
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Source: Burton 2011 (84)

On the primary endpoint of change in ADHD RS/ASRS Total Score, there was a
clinically relevant difference between the sapropterin-treated group and the placebo
group of sapropterin responders with ADHD symptoms (a decline of 4.2 points (p =

0.085), but this did not reach statistical significance (see Table 23 below).

Table 23.PKU-016 Primary Endpoint. ADHD RS/ ASTS Changes in Scores

ADHD RS/ASRS Scores Change from
Baseline at Week 13 in sapropterin
Responders with ADHD Symptoms (n=38)

Total Score
Placebo Sapropterin
(n=19) (n=19)
Baseline ADHD/ASRS
Score (SE) 31.2(2.2) 28.9 (2.4)
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LS Mean Change from

Baseline (SE) -4.9 (2.0) 9.1 (2.2)
(95% CI) (89, -0.9) (-13.5, -4.7)
Do mean  Shange 42(2.3)
Irmrerence f1rom acepo | i
(SE) (95% Cl) (-8.9, 0.6)
P=0.085

Source: Burton 2011 (90)

The Inattention Subscale Score was statistically different between the groups at Week
13, with a significant reduction of -3.4 points (p = 0.036) for sapropterin treatment
compared with placebo. Importantly, the mean improvement of -3.4 in Inattention
Subscale Score with sapropterin compared with placebo in our study is close to the

range of —4 to -6 associated with the ADHD medications in ADHD patients (see Table

24) (90).

Table 24. PKU-016 ADHD RS/ ASRS for Inattention subscales

ADHD RS/ASRS Scores Change from
Baseline at Week 13 in sapropterin
Responders with ADHD Symptoms
(n=38) — Inattention subscale

Placebo Sapropterin
(n=19) (n=19)
Baseline  ADHD/ASRS | 19.2 (1.2) 18.0 (1.3)
Score
LS Mean Change from | .25 (1.3) -5.9 (1.4)
Baseline (SE) (95% CI) (-5.2,0.1) (-8.9, -3.0)
LS Mean Change | — -3.4(1.6)
Difference from Placebo
(SE) (95% Cl) (-6.6,-0.2)
P=0.036

Source: Burton 2011(84)

The change in ADHD/ASRS Total Score over time can be viewed below in Figure 14
(change from baseline to week 26). The Phe Responders with ADHD Symptoms (n=38)
across the two arms to week 13 show differences in ADHD / ASRS scores but once the
placebo group moves onto sapropterin the ADHD / ASRS scores become similar further
supporting the beneficial effects on sapropterin on the ADHD / ASRS scores (90).

Company evidence submission template for sapropterin dihydrochloride for treating

phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.
All rights reserved October 2018".

Page 99 of 218




Figure 14. PKU-016 Change in ADHD/ ASRS Total Score over time

®Placebo (n=19) ®Sapropterin (n=19)

—

=]
1
ng
e

Change in ADHD/ASRS Score
(LS Mean)
)

99 9.5
-12 9 A difference: A difference: A difference: A difference:
'.."‘.0 (2.3) '3.8 (2.3) _4.1 (2.‘) ﬂ 4 (2 7)
0 - _ 0 o - . .
-14 - ]9,5:660(?4 (-9.6,-0.5) gig) SII‘ (-8.5,09) 95% CI: (-8.8, 0.6) 95% CI: (-5.0, 5.9)
' P=0.084 P=0.871
-16 - i
Week 4 Week 8 Week 13 Week 26

Source: Burton 2011(84)

Overall study conclusions

Although PKU-016 did not meet either of its primary endpoints, sapropterin treatment
was associated with a significant improvement in ADHD inattentive symptoms that were
maintained throughout the study for individuals with PKU and ADHD symptoms. The
study reinforced the finding of an increased incidence of ADHD with inattentive
symptoms, and that symptoms declined with decline in Phe levels associated with
sapropterin treatment. The mean improvement of -3.4 in Inattention Subscale Score
associated with sapropterin is close to the range of -4 to -6 improvement associated
with the ADHD medications in ADHD patients (90).

B.2.6.2 Phase 3b studies results
SPARK Results

Overall adherence to sapropterin over the study period was very good, ranging from
82% to 107%, with an average of 100%. The patient with 82% adherence was an early

termination due to a protocol violation and the patient with 107% received a sapropterin
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overdose. Almost all patients remained on 10 mg/kg/day throughout the study. Only 2
patients received an increased dose of 20 mg/kg/day. Overall adherence to prescribed
Phe was good but less than 100% in both groups (range 65% to 183%) (91).

The primary endpoint was the dietary Phe tolerance at 26 weeks, defined as the
prescribed amount of dietary Phe (mg/kg per day) while maintaining the mean filter-
paper blood Phe levels within the target ranges of 120-360 pymol/L.66,30 (91).

In the intent-to-treat population, meantSD baseline Phe tolerance was 37.1+17.3
mg/kg/day in the sapropterin+diet group (n=27, 21.1£12.3 months, 16 males) and
35.8+20.9 mg/kg/day in diet only group (n=29, 21.2+12.0 months, 14 males) (91).

At 26 weeks, adjusted Phe tolerance was 80.6+4.2 in the sapropterin+diet group versus
50.1+4.3 mg/kg/day in the diet only group. The adjusted difference between the two
treatment groups was 30.5 mg/kg/day (95% CI: 18.7; 42.3) and was statistically
significant (p < 0.001)(Table 11) (91).

Table 25. SPARK. Adjusted Mean Treatment Difference at Week 26 in Dietary Phe
Tolerance Based on Prescribed Phe (mg/kg/day) — ITT Population

Timepoint Statistics sapropterin + Phe- | Phe-restricted diet
restricted diet alone
(n=27) (n=29)
Number of subjects | 27 27
included in the model
Week 2 Adjusted mean (SE) 35.5(3.8) 42.8 (4.1)
95% CI [27.9; 43.1] [34.6; 51.0]
Week 4 Adjusted mean (SE) 40.2 (3.9) 39.4 (4.2)
95% CI [32.4; 47.9] [31.1; 47.6]
Week 6 Adjusted mean (SE) 51.7 (3.9) 42.3 (4.0)
95% CI [44.0; 59.5] [34.3; 50.2]
Week 8 Adjusted mean (SE) 58.3 (4.0) 43.2 (4.0)
95% CI [50.4; 66.2] [35.2; 51.2]
Week 10 Adjusted mean (SE) 60.2 (4.1) 449 (4.0)
95% CI [52.1; 68.2] [36.9; 52.8]
Week 12 Adjusted mean (SE) 65.1 (4.2) 45.0 (4.3)
95% CI [56.8; 73.5] [36.5; 53.5]
Week 14 Adjusted mean (SE) 64.6 (4.0) 47.0 (4.0)
95% CI [56.6; 72.5] [39.1; 54.9]
Week 16 Adjusted mean (SE) 69.2 (4.1) 49.7 (4.1)
95% CI [61.1;77.2] [41.5; 57.8]
Week 18 Adjusted mean (SE) 70.5 (4.1) 48.7 (4.1)
95% CI {62.4; 78.5] [40.5; 56.8]
Week 20 Adjusted mean (SE) 76.0 (4.0) 50.0 (4.1)
95% CI [68.0; 84.0] [41.8; 58.1]
Week 22 Adjusted mean (SE) 74.4 (4.0) 50.2 (4.1)
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95% CI [66.5; 82.3] [42.0; 58.3]
Week 24 Adjusted mean (SE) 75.6 (3.9) 51.2 (4.3)

95% CI [67.8; 83.4] [42.7; 59.7]
Week 26 Adjusted mean (SE) 80.6 (4.2) 50.1 (4.3)

95% CI [72.3; 88.8] [41.6; 58.6]

Adjusted Difference
Between groups

(SE) 30.5 (6.0)
95% CI [18.7; 42.3]
p-value <0.001

Source: SPARK CSR (103)

SE = standard error of the estimate; Cl = confidence interval

Adjusted means, estimates, SEs and 95% Cls were based on the repeated measures ANCOVA.

The repeated measure ANCOVA included the fixed categorical effects of treatment, age group, visit, treatment x visit
as well as the continuous fixed covariates of baseline dietary Phe tolerance and baseline mean filter-paper blood
Phe level, with a compound symmetry matrix for the within-subject error variance-covariance.

The adjusted mean Phe tolerance over time is presented in Figure 15. A difference

between the treatment groups is evident from 8 weeks onwards.

Figure 15. SPARK Adjusted Means and 95% Cl in Dietary Phe Tolerance based on
Prescribed Phe (mg/kg/day) — ITT Population
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Source: SPARK CSR.(103)

A supportive analysis was performed in which dietary Phe tolerance was based on the
Phe intake reported in the 3-day Phe diet diary. At Week 26, the adjusted mean Phe
tolerance was higher in the sapropterin plus Phe-restricted diet group (75.7 mg/kg/day)
compared with the Phe-restricted diet alone group (42.0 mg/kg/day). The adjusted
difference between the two treatment groups was 33.7 mg/kg/day (95% CI: 21.4; 45.9)
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and was statistically significant (p < 0.001) (103).

Overall, consistent results were achieved in the sensitivity analysis, in the supportive
analysis of Phe intake based on the 3-day Phe diet diary and in the PP population, thus
confirming the robustness of the primary analysis. After 26 weeks of treatment, there
was an adjusted mean reduction in blood Phe levels of 10.1 umol/L in the sapropterin
plus Phe-restricted group compared with an adjusted mean increase of 23.1 umol/L in
the Phe-restricted diet alone group. The difference of 33.2 ymol/L was not statistically
significant. Blood Phe levels over time in the sapropterin plus Phe-restricted diet group
were in line with the significant increase in dietary Phe tolerance at Week 26 in this
group (91, 103).

Extension Study results

Phe-tolerance increased significantly and maintained throughout the 36 month duration
of the study (Figure 16) and dietary Phe tolerance at the end of study increased by
38.74 mg/kg/day vs. Baseline (95% CI: 28.9, 48.6; p<0.0001) (94)
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Figure 16. Dietary Phe tolerance (A) and change from baseline (B) during the
extension period

A
100+

=e= Sapropterin continuous === Sapropterin extension

804

60+

Difference of 10 mg/kg/day at start of sapropterin treatment

40+

Baselines not contemporaneous

Dietary Phe tolerance (mg/kg/day)

20+

60= &

404

204

Baselines not contemporaneous

-20

Change from Baseline in dietary Phe tolerance (mg/ka/day)

—T
T TS S A . T N

* p<0.05 vs Baseline
* p<0.001 vs Baseline Time (months)

Source: Rutsch et al. 2018 (94)

All the patients maintained blood Phe levels within the desired range during the

extension period of the study (Figure 17).

Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.
All rights reserved October 2018". Page 104 of 218



Figure 17. Blood Phe levels (A) and change from baseline (B) during the extension
period
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Study conclusions

In SPARK, dietary Phe tolerance was significantly increased with sapropterin plus Phe-
restricted diet compared with dietary therapy alone. At Week 26, the adjusted mean Phe
tolerance was higher in the sapropterin plus Phe-restricted diet group (80.6 mg/kg/day)
compared with the Phe-restricted diet alone group (50.1 mg/kg/day). The adjusted
difference between the two treatment groups was 30.5 mg/kg/day (95% CI: 18.7, 42.3)
and was statistically significant (p<0.001) (103) .
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Details of PKU-008 study, where safety was the primary endpoint, are presented in
Section B.2.10.

B.2.6.3 Phase IV registry studies providing long-term data

Interim efficacy outcomes from PKUDOS and KAMPER are presented in this section.

Safety outcomes are summarised in section B.2.10.

PKUDOS results

The interim published results available are taken from the paper by Longo 2015 (95), a
2017 presentation by Lilienstein et al. and the most recent data cut from the registry in
2018 (5, 107).

The Longo paper reports on patient numbers of 1189 subjects of which 42% (504/1189)
were on continuous sapropterin use (uninterrupted use population) and 18% (211/1189)

discontinued the drug within 3 months (95).

Table 26 below shows the changes in mean blood Phe from pre-sapropterin (baseline)

to 6 years for both uninterrupted use and short-term use populations.

Table 26: PKUDOS. Mean * SD for blood phenylalanine (Phe, pmol/L), from pre-
sapropterin up to 6 years of exposure, for uninterrupted use and short-term use
populations.

Uninterrupted use population | Short-term use | Uninterrupted use vs.
population short-term use cohorts
: : Mean A blood | p Mean A blood | p Mean p

Time period | ,op(N) | Phe +SD  (N)° | Phe differenc

umol/L Mmol/L umol/L Mmol/L e ymol/Lf

(%) (%)

Pre-sapropterin | 5911382 - 8301476 - 239 0.0002
baseline (128) (66)
0 to < 1year 4184333 | -173 (29) | 0.0001 | 792+461 -38 (5) NSe | 374 0.0001

(318) (129)
> 1 year to <2 | 4154299 | -176 (30) | 0.0001 | 752+413 -78 (9) NS 338 0.0001
years (333) (143)
> 2 years to < 3 | 4324298 | -160 (27) | 0.0001 | 8001412 -30 (4) NS 369 0.0001
years (312) (135)
>3 years to < 4 | 441+288 | -150 (25) | 0.0001 | 817+380 -13 (2) NS 376 0.0001
years (237) (106)
>4 years to <5 | 421+265 | -170(29) | 0.0001 | 823+380 -7 (1) NS 402 0.0001
years (161) (64)
> 5 years to <6 | 3924239 | -199 (34) | 0.0009 | 759+366 =71 (9) NS 366 0.0001
years (48) (30)

Source: Longo et al. 2015 (95)
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For the uninterrupted use population, the data show significant (p = 0.0009 to 0.0001)
and sustained (-25% to —34%) decreases in blood Phe from 1 to 6 years after starting
sapropterin compared to baseline. For the short-term use population, blood Phe data
over this same time interval show smaller (-1% to —9%) decreases, and none are

significantly different from baseline. These results are presented in Table 27 below (95).

Table 27: PKUDOS. Decreases in blood Phe, uninterrupted use population

Population Results (blood Phe) P-value
Uninterrupted use -25% to -34% decrease in Phe | p =0.0009 to 0.0001
from 1-6 years after starting
sapropterin

Short-term use population | -1% to —9% reduction in blood | Not significant

Phe compared to baseline

Source: Longo et al. (95)

The subjects continuously exposed to sapropterin had an average 34% decrease in
blood Phe from 591 £ 382 umol/L at baseline to 392 + 239 pmol/L (p = 0.0009) after 5
years. This drop, in blood Phe occurred in conjunction with a 54% increase in dietary
Phe tolerance from 1000 + 959 mg/day (pre-sapropterin baseline) to 1539 + 840 mg/day
after 6 years. (see Figure 18 below) (95).

Patients with short-term sapropterin use (i.e., discontinued treatment within 3 months)
experienced a smaller decline in blood Phe and average dietary Phe decreases from

815 mg/day to 725 mg/day over the same time interval (see Figure 18 below) (95).
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Figure 18. PKUDOS. Median blood Phe concentrations and median dietary Phe
intake from pre-sapropterin up to 5 years of exposure for a subgroup of
uninterrupted use and short-term use populations who had diet Phe intake and
blood Phe measured at the same time points

=@=Blood Phe, Uninterrupted Sapropterin Use =®=Blood Phe, Short-Term Sapropterin Use
=#l=Dietary Phe, Uninterrupted Sapropterin Use =®= Dietary Phe, Short-Term Sapropterin Use
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Gray box represents recommended blood Phe range of 120 to 360 pmol/L.

Source: Longo et al. (95)

On the 7™ interim analysis that was presented in 2017 (5) the dietary Phe and natural
protein intakes increased in all age groups by 1.5 to 2 times compared to baseline (prior
to sapropterin treatment), while maintaining their dietary Phe tolerance in line with EU

guidelines as shown in Figure 19 and Figure 20.
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Figure 19. Median dietary Phe intake prior to BH4 treatment and at follow-up
(mg/day)
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Figure 20. Mean blood Phe and median dietary Phe intake at baseline and follow-
up for <4 years, 4 to <18 years, and 218 years age groups
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At the most recent interim analysis (December 2018), 1922 patients out of a total
population of 1993 that had enrolled to the registry since 2008, had received sapropterin
treatment continuously since enrolment. The authors concluded that patients taking
sapropterin had higher prescribed and actual dietary Phe intake while maintaining lower
blood Phe levels, compared to those who had taken sapropterin previously or who had

yet to start treatment (108).

Furthermore, a recent sub-analysis on adult PKU patients in the registry with Phe levels

<600 pmol/L, showed that in 2 years, NN

In year 2,

I (. published data]

Regarding the interim results of the PKU-MOMS registry (21), sapropterin was shown
to be an effective treatment option in pregnant women with PKU who cannot maintain
their blood Phe levels within the recommended range with a Phe-restricted diet alone.
This interim analysis of the PKU MOMS sub-registry revealed that sapropterin was
generally well tolerated and does not appear to increase the risk of spontaneous
abortions, which is associated with high concentrations of blood Phe. Blood Phe levels
for women exposed to sapropterin during pregnancy were 23% lower and had a 58%
smaller standard deviation compared to women who were exposed to sapropterin prior
to pregnancy. When median blood Phe concentrations were maintained at <360 umol/L,
75% of pregnancy outcomes were normal as compared to 40% when median blood Phe
levels were >360 pmol/L (21).
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In conclusion, long-term data from the PKUDOS registry suggest that sapropterin has
a tolerable safety profile and that continuous use is associated with a significant and
persistent decrease in blood Phe and improvements in dietary Phe tolerance (48, 97,
108).

Safety data from the PKUDOS registry study is presented in section B.2.10.

KAMPER results

An interim data analysis (the seventh interim analysis) on 627 PKU patients aged
between 0.2 years and 46.5 years (median 10.0 years) from 69 study sites was carried

out on the first 6 years of data and the results are summarised below (48).

Mean Phe concentration was measured at baseline and during follow-up. Mean blood
Phe levels for patients 4<8 years were maintained near the recommended range of 120-
360 pmol/L; older age groups had levels above this range, increasing with age, although
generally still <600 umol/L. Blood Phe concentrations remained constant and within
recommended ranges in the younger PKU patients. Mean blood Phe levels were
somewhat more variable in adolescent and adult patients, but most remained at
approximately 600 umol/L. The authors concluded that the increased blood Phe values
at year 5 reflect a limited dataset with small n values for each age group rather than

worsening blood Phe control (see Figure 21) (48).

Figure 21. KAMPER. Mean (SD) blood Phe concentration by age group at baseline
and follow up in PKU patients
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At the six-year follow-up, dietary Phe consumption had increased in all age groups by
1.5 to 2 times the subject’s intake prior to sapropterin treatment. Levels of natural protein

followed similar patterns (see Figure 22).

Figure 22. KAMPER. Mean (SD) dietary Phe intake (mg/day) by age group at
baseline and follow up in PKU patients

Il Before
I Ursder reatment
3500 | W Year 1
W Year2

4 - <8 yrs 8-<12yrs 12-<1Byrs 18 - <=5 yrs
M BB 7D GEA0 2 120 GEAT IS 1812 2 2 MAEMM I T 3 MEBITME 2 1
= Dt e vk = E00 et rwilntde

Source: Muntau et al. (48)

Company evidence submission template for sapropterin dihydrochloride for treating
phenylketonuria [ID1475]

© National Institute for Health and Care Excellence 2018.
All rights reserved October 2018". Page 112 of 218



Whilst dietary Phe has increased over this period, the dosage of sapropterin remained
relatively constant in the 4 to<8 year group, the 8 to <12 year group and 12 to <18 year
old group, as can be seen in Figure 23 below. The average dose of sapropterin was

16.0mg/kg/day.

Figure 23. KAMPER. Mean (SD) sapropterin dose (mg/kg/day) in PKU patients
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Source: Muntau et al.(48)

In conclusion, the 7th interim analysis of the KAMPER study shows that following
treatment with sapropterin, patients in the 4-8, 8-12 and 12-18-year-old groups have
been able to increase their dietary Phe intake. Patients in the < 8 year age group,
maintained their blood Phe near the recommended range whilst the older age groups
had levels above this range, increasing with age, though generally <600 umol/L (48,
97).

The most recent interim data analysis (10" interim analysis) on 627 patients from the

KAMPER study revealed that blood Phe levels for sapropterin patients
1
1
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. During follow-up period of the eleven years,
T

B o< <, it is very difficult to draw conclusions given the very
limited number of patients at increasing periods of  follow-up.

|
@ |
|
|

|
N, (110).

Safety data from the KAMPER registry study is presented in section B.2.10.

B.2.7  Subgroup analysis

BioMarin has not conducted any subgroup analysis across the clinical trials However,
subgroup analysis studies were identified in the SLR. Appendix E details the systematic

search strategies and searches performed to identify the subgroup analyses.

B.2.8 Meta-analysis

BioMarin has not conducted any meta-analysis of clinical trials. However, three meta-

analysis studies were identified in the SLR:
e Sapropterin dihydrochloride for phenylketonuria (111)

e A Meta-analysis of Growth Outcomes in Phenylketonuria Patients Treated with

Phenylalanine-restricted Diet + Sapropterin (112)

e Efficacy and safety of sapropterin dihydrochloride in patients with

phenylketonuria: A meta-analysis of randomized controlled trials (113).
A summary of the methodologies and key findings follows:

Sapropterin dihydrochloride for phenylketonuria (111)
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The aim of this study was to assess the safety and efficacy of sapropterin in lowering

blood phenylalanine concentration in people with phenylketonuria (111).
Two clinical trials were included in this meta-analysis, PKU-003 (88) and PKU-006 (89).
The following outcomes were assessed:
Primary Outcome:
e Change in blood phenylalanine concentration
Secondary Outcomes:
e Adverse events which may be associated with sapropterin
e Validated quality of life measures (not measured in either trial)

e Validated measures of Intelligence and neuropsychometric performance (not

measured in either trial)
e Measures of nutritional status and growth (not measured in either trial)
e Change in protein (phenylalanine) tolerance.
Key findings
Change in blood phenylalanine concentration

The results from the comparison of sapropterin to placebo in change in blood Phe

concentration from baseline can be found in Figure 24 and Figure 25.
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Figure 24. Comparison 1 sapropterin versus placebo, Outcome 1 Change in blood
phenylalanine concentration from baseline.

Review:  Sapropterin dihydrochloride for phenylketonuria

Comparison: | Sapropterin versus placebo
Outcome: | Change in blood phenylalanine concentration from baseline
Mean Mean
Study or subgroup Sapropterin Control Difference Weight Difference
N Mean(SD) N Mean(SD) IV,Fixed,95% Cl IVFixed,95% CI
| Over 2 weeks and up to 4 weeks
Trefz 2009 33 -1485 (13542) 12 -96.6 (243.6) —._— 100.0 % -51.90 [-197.27,93.47 ]
Subtotal (95% CI) 33 12 T————— 100.0 % -51.90 [ -197.27, 93.47 |
Heterogeneity: not applicable
Test for overall effect: Z = 0.70 (P = 048)
2 Over 4 weeks and up to 6 weeks
Levy 2007 4 -235.9 (257) 47 29 (2395) 100.0 % -238.80 [ -343.09, -134.51 ]
Subtotal (95% CI) 41 47 -— 100.0 % -238.80 [ -343.09, -134.51 ]
Heterogeneity: not applicable
Test for overall effect: Z = 449 (P < 0.00001)
Test for subgroup differences: Chiz2 = 4.19, df = | (P = 0.04), > =76%

-200 -100 0 100 200

Favours sapropterin Favours placebo

Source: Somaraju 2015 (111)

Figure 25. Comparison 1 sapropterin versus placebo, Outcome 2 Mean difference
in blood phenylalanine concentration between treatment groups

Review: Sapropterin dihydrochloride for phenylketonuria

Comparison: | Sapropterin versus placebo

Outcome: 2 Mean difference in blood phenylalanine concentration between treatment groups

Mean Mean
Study or subgroup Sapropterin  Control ~ Mean Difference (SE) Difference Weight Difference
N N IVFixed,25% Cl IV[Fixed,95% Cl

| Over 2 weeks and up to 4 weeks
Trefz 2009 33 12 -135.2 (26.9) L | 100.0 % -13520[-187.92, -8248 ]
Subtotal (95% CI) 33 12 -> 100.0 % -135.20 [ -187.92, -82.48 ]

Heterogeneity: not applicable
Test for overall effect: Z = 5.03 (P < 0.00001)
2 Over 4 weeks and up to 6 weeks

Levy 2007 41 47 245 (533) i 100.0 % 24500 [ -349.47, -14053 ]
Subtotal (95% CI) 41 47 - 100.0 % -245.00 [ -349.47, -140.53 |
Heterogeneity: not applicable

Test for overall effect: Z = 4.60 (P < 0.00001)

Test for subgroup differences: Chi? = 3.38, df = | (P = 0.07), I> =70%

-500  -250 0 250 500

Favours sapropterin Favours placebo

Source: Somaraju 2015 (111)
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Adverse events which may be associated with sapropterin

The results from the comparison of sapropterin to placebo in adverse events due to

sapropterin are shown in Figure 26.

Figure 26. Sapropterin versus placebo, Outcome 3 Adverse events due to
sapropterin

Review:  Sapropterin difydrochloride for phemylketonuria

Comparison: | Sapropterin versus placebo

Outcome: 3 Adverse events due to sapropterin

Study or subgroup Sapropterin Cantro Risk: Ratio Weight Risk: Ratio
M it M-H Fixed 95% C M-H Fixed 95% Cl
Upper respiratory tract infection
Lewy 2007 7i4| 13/47 892 % 062027, 1.40]
Trefz 2008 33 1112 M 0a% 073[007,731]
Subtotal (95% CI) 74 59 - 100.0 % 0.63[0.29, 1.36 ]
Total events: 9 {Sapropterin), 14 (Control)
Heterogeneity: Ch® = 002, df = | (P = 0.50): F =0.0%
Test for overall effect Z = LIB (P = 0.24)
2 Headache
Levy 2007 54| 1047 - 864 % 057[ 021, 154]
Trefz 2008 733 1112 Tt 16 % 255035, 1859 ]
Subtotal (95% CI) 74 59 - 100.0 % 0.84 [ 0.36, 1.96 |
Total events: 12 (Sapropterin), | | (Control)
Heterogeneity: Chi? = |77, df = | (P = 0.18); P =44%
Test for overall effect Z = 0.40 (P = 0.69)
3 Vomiting
Lewy 2007 24| 4147 —l— 817 % 057 [Qll, 257 ]
Trefz 2008 433 oz - - 63% 344 [ 020, 59.55
Subtotal (95% CI) 74 59 —— 100.0 % 1.04 [ 0.28,3.91 ]
Total events: & (Saproptering, 4 (Control)
Heterogeneity: Ch2 = |18, df = | (P =028); P =15%
Test for overall effect Z = 0.06 (P = 0.55)
4 Abdominal pain
Levy 2007 41 4447 —— 7I8% 029 [ 0.03, 246 ]
Trefz 2008 333 1112 —— BI% 09 [0.13,950]
Subtotal (95% CI) T4 59 e 100.0 % 0.51 [0.12, 2.21 ]
Total events: 4 (Sapropterin, 5 (Contral)
Heterogeneity: Chi? = 0.75, df = | (P = 0.3%); P =0.0%
Test for overall effect 7 = 0.90 (P = 0.37)
5 Diarrhoea
Lewy 2007 24 3147 —il— 794 % 076 [ 013,435 ]
Trefz 2008 433 oz T 06 % 344 [ 020, 5855 ]
Subtotal (95% CI) 74 39 ‘T’ 100.0 % 1.31 [ 0.32,5.43 |
0ol ol | o o0
Favours saproptern Favours placebo

Continued . . .
(Continued )
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Source: Somaraju 2015 (111)

Study or subgroup

Sapropterin Control
/M /N

Risk Ratio
M-H Fixed 95% C

Weight

(... Continued)
Risk Ratio
M-H.Fixed 35% Cl

otal events: & (Sapropterin), 3 (Control)
leterogeneity: Chi2 = 081, df = | (P = 0.37); P =00%
st for overall effect 7 = 0.38 (P = 0.71)
Pyrexia
Lewy 2007 241 247

Trefz 2009 33 W2

wibtotal (95% CI) T4 59
otal events: 5 {Sapropterin), 4 (Control)
feterogeneity: Chi2 = 033, df = | (F = 0.56); P =0.0%
est for overall effect Z = 0.3% (P = (L69)
Back pain
Lewy 2007 1141 347

wbtotal (95% CI) 41 47
otal events: | (Sapropterin), 3 (Control)
{eterogeneity: not applicable
est for overall effect 7 = 085 (P = 0.40)
Rhinorrhea
Trefz 2009 433 1112

wbtotal (95% CI) 33 12
otal events: 4 (Sapropterin), | (Caontrol)
{etercgeneity: not applicable
est for overall effect £ = 0.35 (P = 0.73)
Cough
Trefz 2009 533 o1z
wubtotal (95% CI) 33 12
otal events: 5 {Sapropterin), 0 (Contrel)
{eterogeneity: not applicable
st for overall effect Z = 1.00 (P = 0.32)

0 Pharybgolaryngeal pain
Trefz 2009 433 1712

wibtotal (95% CI)

otal events: 4 {Sapropterin), | (Control)

33 12

{eterogeneity: not applicable
st for overall effect 7 = 0.35 (P = 0.73)

| Contusion
Trefz 20059 333 1112

wubtotal (95% CI) 33 12
otal events: 3 {Sapropterin), | (Contrel)

{eterogeneity: not applicable

est for overall effect £ = 0.08 (P = 0.54)
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Source: Somaraju 2015 (111)

Study or subgroup Sapropterin

N

Control
n/

Risk: Ratio
M-H Fixed,35% C

Weight

Risk: Ratic
M-H,Fixed35% Cl

Trefz 2009 333

Subtotal (95% CI) 33
Total events: 3 (Sapropterin), 0 (Control)
Hetercgeneity: not applicable

Test for overall effect 7 = 067 (P = 0.50)

13 Decreased appetite
Trefz 2009 2433

Subtotal (95% CI) 33
Total events: 2 (Sapropterin), 0 (Control)
Heterogeneity: not applicable

Test for overall effect 7 = 043 (P = 0.67)

|4 Erythema

Trefz 2009 233
Subrtotal (95% CI) 33
Total events: 2 (Saproptering, 0 (Control)
Hetercgeneity: not applicable
Test for overall effect 7 = 043 (P = 0.67)

|5 Excoriation
Trefz 2009 433

Subtotal (95% CI) 33
Total events: 2 {Sapropterin), 0 (Control)
Heteropeneity: not applicable

Test for overall effect Z = 043 (P = 0.67)

16 Lymphadenopathy

Trefz 2009 233
Subtotal (95% CI) 33
Total events: 2 (Saproptering, 0 (Control)
Heterogeneity: not applicable
Test for overall effect 7 = 043 (P = 0.67)

17 Streptococal infection
Trefz 2009 233

Subtotal (95% CI) 33
Total events: 1 {Sapropterin), 2 (Control)
Hetercgeneity: not applicable

Test for overall effect 7 = .07 (P = 0.28)

18 Tooth ache
Trefz 2009 433

Subtotal (95% CI) 33

Total events: 2 (Sapropterin), 0 (Control)
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191 [0.10,37.20]
1.91 [ 0.10, 37.20 |

Source: Somaraju 2015 (111)
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(... Continued)

Study or subgroup Sapropterin Contro Risk: Ratio Weight Risk: Ratic
N N M-H Fixed,25% Cl M-H.Fixed 35% CI

Heterogeneity: not applicable

Test for overall effect 7 = 043 (P = 0.67)

Lals]] 0l | 10 oo

aVOUrs saproptern Favours placebo

Source: Somaraju 2015 (111)

Change in protein (phenylalanine) tolerance

The results from the comparison of sapropterin to placebo in change in Phe tolerance
are shown in Figure 27 and

Figure 28.

Figure 27. Comparison 1 sapropterin versus placebo, Outcome 5 Difference in
total phenylalanine intake

Review: Sapropterin difydrochloride for phenylketonuria
Comparisore | Sapropterin versus placebo

Outcome: 5 Difference in total phenylalanine intake

Study or subgroup Sapropterin Control

N Mean(50) N Mean(5D)

At baseline { week 0)
Trefz 2009 3 163 (B4 2 6B (7.6) —_ 050 [ 567,467 ]
2 Ower 2 months 2nd up to 3 manths

Trefz 2009 i3 438 (24.6) 1 235 (126) — 2030[9.29,3131 ]

Source: Somaraju 2015 (111)
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Figure 28. Comparison 1 sapropterin versus placebo, Outcome 6 Change in
phenylalanine tolerance.

Review: Sapropterin diydrochlonide for phenylketonuna

Comparison: | Sapropterin versus placebo

Qutcome: & Change in phenylalanine tolerance

Study or subgroup Sapropterin Control Mean Difference (SE)

N M

Ower 2 months and up to 3 months

Trefz 2009 3 2 77 (45) - 770[ 888 2651 ]

1o a 1o

avours placebo avours sapropterin

Source: Somaraju 2015 (111)

Conclusions

In this study, there was evidence of short-term benefit from using sapropterin in some
people with sapropterin-responsive forms of PKU; blood Phe concentration was lowered
and protein tolerance increased. There were no serious adverse events associated with
using sapropterin in the short term. As the meta-analysis included the two RCTs with
the specific timeframes and population, there was no way to comment on the evidence
of the long-term effects of sapropterin and no clear evidence of effectiveness in severe
PKU (111).

A Meta-analysis of Growth Outcomes in Phenylketonuria Patients Treated with

Phenylalanine-restricted Diet + Sapropterin (112)
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The objective of this meta-analysis was to assess growth outcomes in children (aged
0—4 years) with PKU treated with sapropterin (112).

Growth data on children (aged 0—4 years) treated with sapropterin were derived from
one registry in which patients were followed in a real-world setting, PKUDOS (5, 95), an
open-label Phase 3b trial (PKU-015) (99), and one randomized controlled trial, SPARK
(91, 103).

The following growth outcomes were assessed:
e Height
e Weight
e Head circumference

The results from the meta-analysis for each outcome can be found in Figure 29, Figure
30 and Figure 31.

Figure 29. Height for age Z-scores

| = - m

|
Baseline 6 12 18 24
Time (months)

Z-score

Source: Muntau 2018 (112)

Figure 30. Weight for age Z-scores
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Source: Muntau 2018 (112)

Figure 31. Head circumference for age Z-scores

T T
Baseline 6 12 18 24
Time (months)

Source: Muntau 2018 (112)

Conclusions

In this meta-analysis of approximately 250 children (aged 0-4 years) with PKU, PKU
patients treated with sapropterin and diet exhibited normal growth parameters (height,
weight, and head circumference) in contrast to the suboptimal growth observed in

children with PKU treated with diet only, over 2 years of follow-up (112).
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Efficacy and safety of sapropterin dihydrochloride in patients with phenylketonuria: A

meta-analysis of randomized controlled trials (113).

The aim of this meta-analysis was to evaluate the efficacy and safety of sapropterin in
PKU patients.

Studies were systematically searched in the PubMed, Embase, Cochrane Library and
ClinicalTrials up to 5 September 2018. The following search strategy was used: (kuvan
OR phenoptin OR sapropterin OR tetrahydrobiopterin) AND (phenylketonuria OR PKU
OR hyperphenylalaninemia OR HPA). Four studies met the inclusion criteria, Levy 2007
[PKU-003] (88), Trefz 2009 [PKU-006] (89), Burton 2015 [PKU-016] (90), Muntau 2017
[SPARK] (91).

Results

Change in blood Phe concentration

Participants were stratified according to the severity of PKU at baseline. Subgroup
analysis of patients with low baseline blood Phe level (< 600 ymol L-1 ) revealed no
substantial difference in the change in blood Phe concentration (WMD = -7.75 ymol
L-1;95% CI: -82.63 t0 67.13, P = 0.84, | 2 = 0%; Figure 32). While subgroup analysis
of subjects with high blood Phe concentration (= 600 umol L-1 ) at baseline showed
significant decrease in blood Phe concentration in sapropterin groups (WMD = -225.31
pmol L-1; 95% CI: -312.28 to -138.34, P < 0.00001, |1 2 = 0%; Figure 32).

Figure 32. Forest plot for the weighted mean difference of change in blood Phe
concentration with 95% confidence interval in the fixed effects model
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sapropterin Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed. 95% CI IV. Fixed, 95% Cl
1.1.1 Blood Phe concentration at baseline<600 pmol-L !

Muntau 2017 (6w) =393 1443 27 -491 1918 29 #11% 980[78.72,98.32

Trefz 2009 (3w) -1485 1342 33 -966 2346 12 163% -51.90[-192.31,88.51]

Subtotal (95% CI) 60 41 57.4% -7.75[-82.63,67.13]

Heterogeneity. Chif= 053, df=1 (P=047),F=0%
Test for overall effect Z=0.20 (P = 0.84)

1.1.2 Blood Phe concentration at baseline 600 umc—l-L"

Burton 2015 (4w) -266 427 61 -71.5 4451 57 130% -19450[35209,-3691] ——————=———————
Levy 2007 (6w) -2359 257 41 29 2395 47 206% -23880[343.09,-13451 ——%——
Subtotal (95% CI) 102 104  42.6% .225.31[-312.28,-138.34]  —~euliie-

Heterogeneity. Chi*= 0.21, df=1 (P = 0.65), F= 0%
Test for overall effect Z= 5.08 (P < 0.00001)

Total (95% CI) 162 145 100.0% -100.37 [-157.11. -43.62] -

Heterogeneity: Chi*= 14.55, df=3 (P= 0.002); F=79% + + t +

Testfor overall effect Z= 3.47 (P = 0.0005) Cave %F’E,'__ 1_00 07. _10!]—_. 200
Favours [saproptenn] Favours [control]

Test for subaroun differences: Chi*=13.80. df=1 (P =0.0002). F=92.8%

Qu et al. 2019 (113)

Change in dietary Phe tolerance

Two studies (89, 91) measured the dietary Phe tolerance. The meta-analysis
demonstrated that sapropterin significantly improved dietary Phe tolerance (WMD =
19.89 mg kg—1 d-1; 95% CI: 10.26 to 29.52, P < 0.0001, | 2 = 0%); ).
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Figure 33. Forest plot for the weighted mean difference of change in dietary Phe
tolerance with 95% confidence interval in the fixed effects model

Sapropterin Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Muntau 2017 (22w) 369 1419 27 131 118 27 21% 2380[42.10,89.70]
Trefz 2009 {10w) 277 N8 33 72 111 12 579% 1980[10.07, 29.53] .
Total (95% CI) 60 39 100.0% 19.89[10.26, 29.52] <*
Heterogeneity: Chi*= 0.01, df=1 (P=0.91); F=0% 100 20 ° 50 100

Test for overall effect Z= 4.05 (P < 0.0001) Favours [control] Favours [Sapropterin]

Qu et al. 2019 (113)

Conclusions

Sapropterin could bring benefit for PKU patients with high or low Phe level, due to Phe
reduction in a short time or dietary Phe tolerance improvement respectively. Sapropterin

has an acceptable safety profile (113).

B.2.9 Indirect and mixed treatment comparisons

No indirect or mixed treatment comparisons have been carried out for sapropterin

treatment.

B.2.10 Adverse reactions

The safety of sapropterin treatment has been evaluated across the full clinical
development programme for a total period of period of more than 10 years; safety data
continue to be collected in the ongoing studies. Only PKU-008 was designed to
investigate differences between sapropterin and a comparator treatment (active or
placebo) as a primary endpoint; in all other studies (PKU-001, PKU-003, PKU-004,
PKU-006, PKU-016, SPARK, PKUDOS, KAMPER) safety was a secondary endpoint.

These studies have consistently demonstrated that sapropterin treatment is generally
well-tolerated and demonstrates a favourable risk-benefit profile for treatment in
children and adults with PKU of all ages. In all cases, the vast majority of AEs observed
were mild or moderate in nature and did not result in withdrawal from treatment or the

study.
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PKU-008 is an open-label, non-comparative study designed to evaluate the long-term
safety of sapropterin as the primary outcome and the results of the study have been

presented in section B.2.6.2.

Phase |V patient registry studies KAMPER and PKUDOS both provide long-term safety

evidence of saproterin treatment.

In addition, the sixth version of the Periodic Benefit-Risk Evaluation Report (PBRER),
published on the 9t of February 2018, confirms the safety profile of the product and

indicates that the benefit-risk balance of sapropterin remains positive (114).

Details of the adverse events in the studies presented in B.2.2 section are presented

below.

Safety evidence from clinical trials

PKU-001

In PKU-001 study, patients were monitored for AEs by a combination of medical
interview, physical examination and laboratory tests at baseline and on days 4, 8 and
36 (96).

A total of 482 AEs was reported in 48% of the 489 patients included in the safety
analyses. Only 281 AEs were considered to be possibly or probably treatment related.

AEs that occurred in >2% of patients are listed in
Table 28 (96).

The most common AEs included gastrointestinal disorders, such as abdominal pain and
diarrhoea, and minor neurological symptoms, including headache. Most AEs were rated
by the investigator as mild to moderate in severity. However, five AEs were rated as
severe in 1% (4/489) of patients and included vomiting, headache and migraine, and

thrombocytopenia. No patient discontinued the study for an AE (96).
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No deaths occurred during the study. One patient developed appendicitis between the
final dose of sapropterin and day 36, but the condition was not considered to be

treatment related. No other serious AEs occurred (96).

Table 28. PKU-001. Adverse events that occurred in >2% of subjects

Sapropterin group
Patients N (%)
Diarrhoea 24 (5%)
Abdominal pain 23 (5%)
Nausea 16 (3%)
Flatulence 11 (2%)
Vomiting 9 (2%)
Decreased appetite 8 (2%)
Pharyngolaryngeal pain 9 (2%)
Upper  respiratory  tract | 17 (3%)
infection
Headache 50 (10%)
Hyperreflexia 10 (2%)
Tremor 9 (2%)
Fatigue 14 (3%)

Source: Burton 2007 (96)

PKU-003

Ninety-five AEs were reported by 34 (72%) of patients who received placebo and 53
adverse reactions were reported by 21 (51%) sapropterin-treated patients. 8/41 (20%)
of patients in the placebo group and 11/47 (23%) of patients in the sapropterin group
experienced AEs that might have been drug-related (p=0.80) (88).

Most adverse events were deemed to be unrelated to the study drugs. The most
commonly reported adverse event was upper respiratory tract infection. Nervous system
disorders (e.g., headache) were more frequent in the placebo group than in the
sapropterin group. No SAEs were recorded in either group, and no patient died during
the study (88).
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Table 29. PKU-003. Adverse events observed by treatment group and for all subjects (ITT
population)

Placebo group (n=47) | Sapropterin group | Total (n=88)
(n=41)

Patients Events Patients Events Patients | Events
Any adverse | 34 (72%) 95 21 (51%) 53 55 (63%) | 148
event on or
after first
dose
Adverse events that occurred in 5% or more of patients
Upper 13 (28%) 13 7 (17%) 7 20 (23%) |20
respiratory
tract
infections
Headache 7 (15%) 10 4 (10%) 5 11 (13%) |15
Vomiting 4 (9%) 4 2 (5%) 2 6 (7%) 6
Abdominal 4 (9%) 4 1(2%) 1 5 (6%) 5
pain
Diarrhoea 3 (6%) 3 2 (5%) 2 5 (6%) 5
Pyrexia 2 (4%) 2 2 (5%) 2 4 (5%) 4
Back pain 3 (6%) 3 1(2%) 1 4 (5%) 4

Source: Levy 2007 (88)
Notes: Only AEs with onset on or after first dose are summarised here. A patient was counted at most once for a
given AE. Several events were counted if patients had the same adverse events with different onset dates or times.

No patients in the sapropterin group and controls had clinically significant changes in
liver enzymes (alanine aminotransferase in one and aspartate transaminase in the
other). One patient in the sapropterin group had a clinically significant low T4 at week 0
(before sapropterin exposure) and again at week 6. This patient had normal TSH

concentration at week 0 and high TSH after 6 weeks (88).

No serious AE or death occurred during this study and no patient withdrew from the
study due to an AE (88).

PKU-004

Sixty-eight (85%) patients had at least one AE during the study. All AEs, except one,
were mild (563%) or moderate (31%) in severity. The most commonly reported AEs for
this study were headache, nasopharyngitis, and vomiting. Importantly, there was no
apparent relationship between the dose of sapropterin and incidence, frequency, or type
of AE (101).
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A total of 82 (32%) AEs in 31 (39%) patients were judged by the investigator to be
possibly or probably related to sapropterin. 29 AEs that were considered to be probably
related to sapropterin were upper abdominal pain (1 patient), nausea (2 patients),
headache (1 patient), dizziness (1 patient), and increased alanine amino-transferase (1
patient); with the exception of one episode of moderate nausea, all of these were mild
in severity. AEs that were considered to be possibly related to sapropterin and were
reported by more than one patient included: urinary tract (2 patients) or streptococcal
infections (2 patients), vomiting (4 patients), diarrhoea (2 patients), abdominal pain (2
patients), headache (8 patients), migraine (4 patients), pharyngolaryngeal pain (3
patients), cough (2 patients), decreased neutrophil counts (2 patients), and rash (2
patients). Thirty-one AEs possibly related to sapropterin were reported by 1 patient each
(101).

Table 30. PKU-004. Adverse events observed in >5% of subjects (ITT population)

Sapropterin group
Patients N (%)
Headache 16 (20%)
Pharyngo-laryngeal pain 12 (15%)
Nasopharyngitis 11 (14%)
Vomiting 10 (13%)
Diarrhea 8 (10%)
Upper  respiratory  tract | 8 (10%)
infection
cough 7 (9%)
Dysmenorrhea 3 (9%)
Migraine 6 (8%)
Back pain 4 (5%)
Gastroenteritis 4 (5%)
Influenza 4 (5%)

source: Lee 2008 (101)

Three patients each experienced one serious AE during the study. Two of these events,
urinary tract infection and spinal cord injury, occurred during the fixed-dose phase of
the study. The third event, tibia fracture, occurred after the week-22 visit. The spinal
cord injury and tibial fractures were accidental, sports-related injuries and the urinary
tract infection occurred in a 13-year-old female with duplex kidney and a history of prior

infection. None was considered related to sapropterin (92).
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Two patients had plasma Phe concentrations that reached 2,000 mmol/L (33.3 mg/dl)
or higher during the course of the study. One patient had plasma Phe concentrations
>2,000 mmol/L at week 6, which decreased to 1,819 mmol/L (30.3 mg/dl) by week 10
and increased again to >=2,000 mmol/L at all visits between week 12 and week 22: this
patient received the 20 mg/kg/day dose during the fixed-dose phase. The second
patient had plasma Phe concentration >2,000 mmol/L at week 0, which decreased to
766 mmol/L (12.8 mg/dl) by week 2: this patient also received 20 mg/kg/day during the
fixed-dose phase, during which time plasma Phe concentrations ranged between 476
mmol/L (7.9 mg/dl) and 873 mmol/L (14.6 mg/dl) (92).

No deaths occurred in this study and no patient withdrew from the study or discontinued

treatment because of an AE (92).

The authors of this study concluded that sapropterin is effective in reducing plasma Phe
concentrations in a dose-dependent manner and is well tolerated at doses of 5-20

mg/kg/day over 22 weeks in responsive patients with PKU (92).
PKU 016

Adverse events (AEs) that occurred in 25% in either treatment group included:
abdominal pain, cough, diarrhoea, headache, nasal congestion, nasopharyngitis,
nausea, oropharyngeal pain, pain in extremity, pyrexia, upper respiratory tract infection,
vomiting. Most AEs were mild or moderate. One person withdrew from treatment due to
heart rate increase classified as possibly or probably drug-related in a patient being

treated with sapropterin (93).

Serious AEs (SAE) occurred in one patient each and included amino acid level increase
(placebo patient before Week 13), animal bite (placebo patient after Week 13),
concussion (placebo patient before Week 13), necrotising fasciitis (placebo patient
before Week 13), and petit mal epilepsy (placebo patient after Week 13). The only SAE
classified as possibly or probably related to treatment was the petit mal seizure, which

occurred in a patient with a history of seizures (93).

No subjects withdrew due to SAEs.
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Table 31: PKU-016. Adverse events occurring in all enrolled subjects (N=206)

Randomised trial baseline to | Open-label treatment period

week 13 weeks 13 to 26 (all subjects on
Characteristic sapropterin)

Placebo Sapropterin Placebo/ Sapropterin

n=108 n =98 sapropterin n=95

n =104

Adverse events occurring in 2 5% of subjects in either group, n (%)
Abdominal pain, | 5 (4.6%) 4 (4.1%) 2 (1.9%) 7 (7.4%)
upper
Cough 8 (7.4%) 7 (7.1%) 8 (7.7%) 8 (8.4%)
Diarrhoea 4 (3.7%) 10 (10.2%) 8 (7.7%) 4 (4.2%)
Headach 28 (25.9%) 25 (25.5%) 16 (15.4%) 17 (17.9%)
Nasal 11 (10.2%) 7 (7.1%) 4 (3.8%) 12 (12.6%)
congestion
Nasopharyngitis | 9 (8.3%) 11 (11.2%) 12 (11.5%) 11 (11.6%)
Nausea 10 (9.3%) 4 (4.1%) 10 (9.6%) 7 (7.4%)
Oropharyngeal 10 (9.3%) 6 (6.1%) 11 (10.6%) 11 (11.6%)
pain
Pain in extremity | 3 (2.8%) 1(1.0%) 3 (2.9%) 7 (7.4%)
Pyrexia 5 (4.6%) 1(1.0%) 5 (4.8%) 7 (7.4%)
Upper 7 (6.5%) 4 (4.1%) 10 (9.6%) 3 (3.2%)
respiratory tract
infection
Vomiting 14 (13.0%) 4 (4.1%) 12 (11.5%) 3 (3.2%)
Serious adverse events n (%)
Amino acid level | 1 (0.9) 0(0) 0 (0) 0 (0)
increased
Animal bite 0 (0) 0 (0) 1(1.0) 0 (0)
Concussion 1(0.9) 0(0) 0 (0) 0 (0)
Necrotising 1 (0.0) 0(0) 0 (0) 0 (0)
Fasciitis
Petit mal | 0 (0) 0 (0) 1(1.0) 0 (0)
epilepsy

Source: Burton et al (93)
NOTE: Subjects who experienced more than 1 AE within a preferred term were counted once within that preferred
term.

SPARK

At least one AE (Table 32) was experienced by the patients in the safety population (54
patients); in the sapropterin plus Phe-restricted diet group, eight out of 27 patients
(29.6%) reported at least one treatment-emergent AE (TEAE) related to sapropterin.
The proportion of patients reporting TEAEs was the same in the two groups, and no
patients withdrew owing to AEs. None of the TEAEs were graded as severe. All patients
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had at least one TEAE that was judged to be mild in severity. Seven (25.9%) patients
in the sapropterin plus Phe-restricted diet group had nine TEAEs, and eight (29.6%)
patients in the Phe-restricted diet group reported 18 TEAEs graded as moderate in
severity, respectively (91, 103).

Table 32 Summary of safety data showing the proportion of patients reporting
adverse events (AEs) (Safety population)

Sapropterin + Phe-restricted | Phe-restricted diet alone
diet (n = 27) (n=27)
Patients, Events, n Patients, Events, n
n (%) n (%)
Treatment-emergent AEs | 27 (100) 282 27 (100) 278
AEs related to | 8 (29.6) 31 NA NA
sapropterin
Infections and | 3 (11.1) 3 NA NA
infestations related to
sapropterin
Gastrointestinal 3(11.1) 8 NA NA
disorders  related to
sapropterin
Amino acid | 6 (22.2) 20 NA NA
concentrations decrease
related to sapropterin
SAEs 3(11.1) 5 1(3.7) 2
Gastroenteritis 1(3.7) 1 0(0.0) 0
Rash 1(3.7) 1 0(0.0) 0
Overdose? 1(3.7) 2 0(0.0) 0
Stomatitis 1(3.7) 1 0(0.0) 0
Bronchiolitis 0(0.0) 0 1(3.7) 1
Bronchopneumonia 0(0.0) 0 1(3.7) 1

Source: Muntau (91)

@ On the day of first administration of study treatment, the subject had a sapropterin overdose (severity: mild; 80
mg/day instead of 75 mg/day by mistake). At 26 days after the first administration of study treatment, the subject had
another sapropterin overdose (severity: mild; 80 mg/day instead of 75 mg/day by mistake). Both events were reported
in accordance with the protocol and were therefore categorized as medically important. The subject recovered without
sequelae from both events. The administration of sapropterin plus Phe-restricted diet alone was continued without
change after the first overdose and the dose was reduced after the second overdose.

The most common TEAEs in the sapropterin plus Phe-restricted diet group and in the

Phe-restricted diet group were:

e pyrexia (63.0 and 66.7%)

e cough (48.1 and 48.1%)

e nasopharyngitis (48.1 and 40.7%)
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The most common TEAEs classified as related to sapropterin were:

amino acid concentration decrease (six patients [22.2%])
e rhinitis (two patients [7.4%])
e vomiting (two patients [7.4%])

e pharyngitis, diarrhoea, abdominal pain, mouth ulceration and increased amino

acid concentration (1 patient each). (91, 103)

Although the proportion of patients who reported a serious AE (SAE) was higher in the
sapropterin plus Phe-restricted diet group compared with the Phe-restricted diet (11.1

vs. 3.7%), all SAEs were assessed as unrelated to sapropterin treatment (91, 103).
Extension Study

Overall, 96.1% of subjects experienced at least one treatment-emergent adverse event
(TEAE): all 25 subjects in the “sapropterin continuous” group and 24/26 subjects in the

“sapropterin extension” group:

e Only 47 of 1401 TEAEs (3.4%) were assessed by the Investigator as related to

sapropterin, the most commonly reported (n, %) of patients were:
o Amino Acid level decreased — 24 events occurring in 9 patients
o Amino Acid level increased — 4 events occurring in 2 patients
o Vomiting — 4 events occurring in 3 patients
o Rhinitis — 3 events occurring in 3 patients

The proportion of subjects who were reported with a serious AE was similar between
the treatment groups — 6 subjects (24.0%) with 12 events in the “sapropterin continuous”

group and 7 subjects (26.9%) with 7 events in the “sapropterin extension” group.
All SAEs were assessed as unrelated to sapropterin treatment.
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No subjects withdrew from the study during the Extension Period due to an AE (94).
PKU-008

In PKU-008, safety was the primary outcome, as mentioned in section B.2.3.2, and was
assessed by monitoring every 3 months for AEs and SAEs, clinical laboratory
evaluations, physical examinations, concomitant medications, and vital sign

measurements (93).

Patient exposure to study drug

Mean (median, range) duration of exposure to sapropterin in PKU-008 was 658.7+221.3

(595, 56-953) days. The maximum exposure was 953 days (2.6 years).

The mean (range) duration of exposure during participation in multiple studies (parent
study plus extension study or studies) was 799.0£237.5 (135-1151) days. The mean
(median, range) daily amount of sapropterin taken was 16.4+4.4 (18.4, 4.8-22.1)
mg/kg/day (93).

Safety results

Of all participants who received at least one dose of sapropterin, AEs were reported for
93 (83.8%) subjects and drug-related AEs were reported for 37 (33.3%) subjects. Most

were considered mild or moderate.
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Table 33 and Table 34 list AEs occurring in >5% of subjects. No drug-related AEs

occurred at a frequency >5% (93).
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Table 33. Treatment-emergent adverse events occurring in >5% of subjects.

No. of subjects (%), no. of events

System Organ | 4-7 years 8-11 years 12—-17 years | 218 years Total

Class (N=20) (N=24) (N=28) (N=39) (N=111)
Infection and | 20 (100), 58 17 (70.8),42 | 14 (50), 32 23 (59), 66 74 (66.7), 198
infestations

Upper respiratory | 6 (30), 10 7(29.2),7 6(21.4),7 3(7.7), 4 22 (19.8), 28
tract infection

Nasopharyngitis 2(10), 4 1(4.2),1 5(17.9), 8 12 (30.8),17 | 20 (18), 30
Influenza 3(15),5 1(4.2),1 1(3.6), 1 4(10.3), 8 9(8.1),12
Viral infection 5(25), 8 1(4.2),2 1(3.6), 1 1(2.6), 1 8(7.2),12
Gastroenteritis 2(10), 2 3(12.5), 4 2(7.1),2 1(2.6), 1 8(7.2),9
viral

Pharyngitis 1(5), 1 4 (16.7), 10 0 2(.1),2 7(6.3), 13
Gastroenteritis 2(10), 2 1(4.2),1 2(7.1),2 2(.1),2 7(6.3),7
Bronchitis 2(10), 2 1(4.2),1 0 3(7.7),4 6(54),7
Gastrointestinal 11 (55) 16 9 (37.5), 16 8 (28.6), 12 15(38.5),29 | 43 (38.7),73
disorders

Vomiting 6 (30), 6 5(20.8), 6 4(14.3), 5 5(12.8), 7 20 (18), 24
Diarrhoea 1(5),1 3(12.5), 6 1(3.6), 1 5(12.8), 8 10 (9), 16
Respiratory, 7 (35),18 9 (37.5), 26 8 (28.6), 17 12 (30.8), 16 | 36 (32.4), 77
thoracic, and

midiastinal

disorders

Cough 4 (20), 8 6 (25), 8 4(14.3), 5 7(17.9),7 21 (18.9), 28
Pharyngolaryngeal | 0 6 (25), 11 2(7.1),2 2(5.1),2 10 (9), 15
pain

Nasal congestion | 2 (10), 2 2(8.3), 4 3(10.7),5 2(5.1),2 9(8.1), 13
Rhinorrhoea 3(15), 4 1(4.2),2 2(7.1),2 0 6(54),8
General disorders | 8 (40), 9 6 (25), 12 5(17.9), 6 6(15.4), 6 25 (22.5), 33
and administration

site conditions

Pyrexia 8 (40),9 5(20.8), 3 3(10.7),4 2(5.1),2 18 (16.2), 25
Nervous system | 2 (10), 3 4 (16.7), 7 4 (14.3), 8 6 (15.4) 35 16 (14.4), 53
disorders

Headache 2(10), 3 3(12.5), 6 3(10.7),7 5(12.8), 32 13 (11.7), 48

Source: Burton 2011 (93)

Table 34. Drug-related treatment-emergent adverse events occurring in >5% of

subjects.
No. of subjects (%), no. of events

System Organ | 4-7 years 8-11 years 12-17 years | 218 years Total
Class (N=20) (N=24) (N=28) (N=39) (N=111)
Infection and | 3 (15), 8 2(8.3),4 3(10.7),1 3(7.7),5 11 (9.9), 27
infestations
Upper respiratory | O 0 2(7.1),2 0 2(1.8),2
tract infection
Nasopharyngitis 0 0 2(71),2 1(2.6), 1 3(2.7),6
Influenza 0 0 0 1(2.6), 2 1(0.9), 2
Viral infection 1(5), 1 0 0 0 1(0.9), 1
Gastroenteritis 2 (10), 2 1(4.2),1 2(7.1),2 0 5(4.5),6
viral
Pharyngitis 0 0 0 0 0
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Gastroenteritis 0 0 0 0 0
Bronchitis 0 0 0 0 0
Gastrointestinal 4 (20), 5 0 4 (14.3), 5 6(15.4), 8 14 (12.6), 18
disorders

Vomiting 3(15),3 0 0 2(5.1),3 5(4.5),6
Diarrhoea 0 0 1(3.6), 1 2(.1),2 3(2.7),3
Respiratory, 1(5), 2 2(8.3),6 0 1(2.6), 2 4 (3.6),5
thoracic, and

midiastinal

disorders

Cough 1(5),2 1(4.2),2 0 1(2.6), 2 3 (2.7),
Pharyngolaryngeal | 0 1(4.2),4 0 1(0.9), 1
pain

Nasal congestion 0 0 0 0 0
Rhinorrhoea 0 0 0 0 0
General disorders | 2 (10), 2 2(8.3), 3 0 0 4 (3.6),5
and administration

site conditions

Pyrexia 2 (10), 2 2(8.3), 3 0 0 4(3.6),5
Nervous system | 1 (5), 1 0 0 5(12.8), 24 6 (5.4), 25
disorders

Headache 1(5),1 0 0 4 (10.3), 22 5(4.5),6

Source: Burton 2011 (93)

The most common drug-related AEs were viral gastroenteritis, vomiting, and headache
(each in 4.5% of subjects) (93).

Severe Adverse Events

Of the severe AEs reported for six subjects, one (difficulty concentrating and mood
swings) was considered possibly related to study drug, which resolved when timing of

sapropterin treatment was altered to not coincide with levothyroxine medication (93).

Serious Adverse Events

Of the serious AEs (SAEs) reported for 7 subjects, one (gastroesophageal reflux and
concomitant use of ibuprofen) was considered probably drug-related. Most subjects’
blood Phe levels stayed within recommended treatment range. 5 (4.5%) subjects had
blood Phe levels <26 umol/L on seven occasions. Low Phe levels were considered
transitory, not treatment- related and resolved without intervention. Twenty-four
subjects had transitory neutrophil counts <1.5 x 109/L at 35 time points that did not

require intervention. Thirteen subjects had platelet counts below the lower limit of
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normal that did not appear treatment related. One subject was withdrawn due to low

platelet count (93).

Study discontinuations

Twenty-one (18.9%) of the 111 subjects discontinued the study early. Of these 21

subjects:

e 3 discontinued due to an adverse event (AE) which were deemed to be possibly
drug-related (one each of difficulty concentrating, clinically significant decreased

platelet count, and intermittent diarrhoea);

e 3 discontinued at the Investigator's discretion due to uncooperative or non-

compliant behaviour;
e 9 subjects withdrew consent;
e 4 discontinued due to unresponsiveness; and
e 2 moved out of the country (93).

Study conclusions

Sapropterin was found to be safe and well tolerated in doses of 5 to 20 mg/kg per day
for up to 2.6 years. These PKU-008 data represent the longest exposure to sapropterin
with subjects receiving up to 2.6 years of treatment with a consistent safety profile to
other clinical trials. Controlled blood Phe levels throughout the study also confirm the

durability of long-term sapropterin response, regardless of dietary adherence (93).

Safety evidence from disease registries

In addition to the safety data reported in the sapropterin clinical development
programme, registry data collected over time have and will continue to provide insight
into the long-term safety of a large number of patients with PAH deficiency exposed to
sapropterin. An overview of the 2 key registries and evidence of safety to date is as

follows:
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PKUDOS

The Longo publication presents safety data from 7 years of sapropterin exposure for
1189 PKU patients enrolled in the PKUDOS registry and demonstrates that sapropterin

is well-tolerated in the longer-term and has a favourable safety profile (95).

e At 5 year follow up of patients in PKUDOS, drug-related AEs were reported in
6% of subjects, were mostly considered non-serious, and were identified in the
gastrointestinal, respiratory, and nervous systems. Serious drug-related AEs

were reported in <1% of subjects (95).

e Of the 113 drug-related AEs in PKUDQOS, 73% were considered mild, 23%
moderate, and 4% severe. Twelve percent of AEs culminated in permanent
discontinuation of sapropterin, 10% in temporary discontinuation, 4% in dose

reductions, and in the 62% the dose was not changed nor discontinued (95).

e In PKUDOS, 10 SAEs were reported as possibly related to sapropterin. Of these
10 SAEs, 3 were reported to be mild, 3 were moderate, and 4 were severe. The
AEs were: cardiac system (arrhythmia, n = 1); gastrointestinal system (abdominal
discomfort and gastroesophageal reflux, n = 2); hepatobiliary (cholecystitis, n =
1), metabolism and nutrition disorders (diabetes mellitus, n = 1); pregnancy,
puerperium and perinatal conditions (spontaneous abortions n = 3; premature
labour n = 1); and psychiatric system (conversion disorder, n = 1). Ten percent
(n=1) of SAEs culminated in permanent discontinuation of sapropterin, 20% (n =
2) in temporary discontinuation, and in the 60% (n = 6) the dose was neither

changed nor discontinued (95).

At the time of the most recent interim analysis (February 2017), AEs considered related
to sapropterin occurred in 9 (2.4%) previously-treated patients and 116 (12.8%)
continuously treated patients (see Table 35). There was a gradual decrease in the
number of AEs reported over the years. The most common drug-related AEs in
previously treated patients were gastrointestinal disorders (n=5; 1.3%), nervous system
disorders (n=2; 0.5%), and respiratory, thoracic, and mediastinal disorders (n=1; 0.3%).

Most common drug-related AEs in continuously treated patients were gastrointestinal
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disorders (n=62; 36.8%), nervous system disorders (n=30; 3.3%), and psychiatric
disorders (n=15; 1.7%) (5).

Table 35. PKUDOS. Most common AEs considered related to sapropterin from baseline
to last follow-up

Previously treated Continuously treated
(n=381) (n=908)
System Organ Class
Patients Events Patients Events
n (%) n n (%) n
Patients with 21 reported 9 (2.4%) 9 116 (12.8%) | 217
drug-related AE
Gastrointestinal disorders 5(1.3%) 5 62 (36.8%) 80
Nervous system disorders 2 (0.5%) 2 30 (3.3%) 40
Respiratory, thoracic and 1 (0.3%) 1 7 (0.8%) 10
mediastinal disorders
General disorders 0 0 7 (0.8%) 10
Psychiatric disorders 0 0 15 (1.7%) 17
Skin and subcutaneous tissue | 0 0 10 (1.1%) 16
Disorders
Musculoskeletal and | 0 0 4 (0.4%) 6
connective
tissue disorders
Infections and infestations 0 0 4 (0.4%) 5
Injury, poisoning and | O 0 2 (0.2%) 2
procedural
Complications

Source: Lilienstein et al (5)

KAMPER

The primary objective of the KAMPER registry is to assess the long-term safety in
patients treated with sapropterin. A total of 627 patients were to be enrolled in the
registry with a target patient enrolment target of 2019. However, the patient enrolment
target was reached early on 20 May 2016. Interim results have been published which
continue to show that sapropterin has a favourable safety profile. The Trefz 2015

publication was based on 325 patients (97, 108).

Data from the KAMPER registry (8th interim analysis) are now available and continue
to show that sapropterin has a favourable safety profile (108). Table 36 below, lists the

AEs by primary system organ class for PKU population.
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Table 36. Frequency of Adverse Events for PKU Population (table below is AIC)

Source: CRS KAMPER 2018 (108)
a This is an interim analysis with a data cut-off on 29 January 2018. Those un-coded events will be coded for the

following interim analysis.

The main findings from this 8th interim analysis (as yet unpublished) are:
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As demonstrated in the clinical trial evidence, the 8th interim analysis results from the

KAMPER registry continue to show that sapropterin has a favourable safety profile. In
general, blood Phe levels were lower than Phe levels prior to treatment, and Phe

tolerance was above pre-treatment values.

B.2.11 Ongoing studies

Currently, there are two ongoing Phase lllIb studies (SPARK Extension study and PKU
015) and 3 Phase IV observational studies (PKUDOS, KAMPER and KOGNITO). The
extension of the SPARK study is presented with the rest of the SPARK study, Phase IV
studies PKUDOS and KAMPER are presented throughout the sections B.2.2 to B.2.6
and KOGNITO is presented on Appendix F, as there are no published results yet for
this study.

In the Table 37 below, follow the summary of design methodology and interim findings
of PKU-015 study (99).

Table 37. PKU-015. Summary of design, methodology and interim findings

Title A Phase 3 study to evaluate the effect of sapropterin on neurocognitive
function in children ages 0 to 6 years of age with PKU (NCT00838435)
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Study design

PKU-015 is an ongoing multicenter, international Phase 3b open-label study
to evaluate the effect of sapropterin on neurocognitive function, maintenance
of blood Phe concentrations, safety, and population pharmacokinetics in
children between 0 to 6 years of age with PKU.

Study design: In part 1: patients received a 4-week trial designed to identify
BH4 responders.

Sapropterin responsiveness was defined as a 230% average reduction in
blood Phe concentration from baseline calculated from the average of
phenyl-alanine levels at weeks 1, 2, 3, and 4. Sapropterin-responsive
subjects received a baseline neurocognitive assessment within 6 weeks of
confirmation of sapropterin responsiveness.

Part 2 is the 7-year trial component to evaluate long-term effects on
neurocognitive function.

Subjects who responded to sapropterin and attained a score of 280 on the
infant developmental test or an 1Q =280 were eligible to enter part 2, which
included a 6-month safety and efficacy evaluation followed by a long-term
neurocognitive evaluation for 7 years of follow-up.

Study visits occurred monthly up to 1 year and every 6 months thereafter
through year 7. Interim assessments were conducted by telephone every 3
months to assess weight, adverse events (AEs), and concomitant
medications.

Objectives The primary objective is to determine the long-term efficacy of sapropterin in
preserving neurocognitive function in PKU children when treatment is started
at 0 to 6 years of age.

Inclusion e Established diagnosis of PKU with hyperphenylalaninemia (HPA) >= 360

criteria micromol/L
e Age 0 to 6 years old, inclusive, at Screening.

Exclusion Established diagnosis of primary tetrahydrobiopterin (BH4) deficiency

criteria Known hypersensitivity to sapropterin or its excipients

History of organ transplantation

Perceived to be unreliable or unavailable for study participation or to have

parents or legal guardians who are perceived to be unreliable or

unavailable

o Use of methotrexate or other medications that inhibit folate metabolism
Serious neuropsychiatric illness (eg, major depression) not currently
under medical control

o Use of sapropterin or any investigational agent within 30 days prior to
Screening, or known requirement for any investigational agent prior to
completion of all scheduled study assessments

e Concurrent disease or condition that would interfere with study
participation or safety (eg, seizure disorder, oral steroid-dependent
asthma or other condition requiring oral or parenteral corticosteroid
administration, or insulin dependent diabetes)

e Use of phosphodiesterase type 5 inhibitor, often shortened to PDE5

inhibitor (eg, sildenafil citrate, vardenafil, tadalafil, avanafil, lodenafil,

mirodenafil, udenafil)
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Intervention Sapropterin dihydrochloride

Outcomes Primary: Long-term efficacy in preserving neurocognitive function when
treatment is initiated at 0-6 years
Secondary: Long-term safety; Growth; Neurocognitive function;
pharmacokinetics

Results The study is ongoing with sites in the US and Canada, however 2-year

interim analysis data is available. Results are reported in Longo N,
Siriwardena K, Feigenbaum A, et al. Long-term developmental progression
in infants and young children taking sapropterin for phenylketonuria: a two-
year analysis of safety and efficacy. Genet Med 2014;17(5):365-73 (99)

The results from a 2-year interim analysis demonstrate that sapropterin
lowered blood Phe levels while allowing for increased prescribed dietary Phe.
Mean blood Phe declined in all children in each age group from baseline to
the week 4 visit, then increased to levels still below baseline by month 3, with
the exception of 3- to 4-year-old children, in whom blood Phe increased to
the baseline level (see Figure 34 below).

Figure 34. PKU-015. Blood Phe concentrations from baseline to 2 years,
overall and by age group

! Blood Phe concentration (umolA) from baseline to 2 years: overall and by age group
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Source: Longo 2015 (99)

Figure 35 below demonstrates that the prescribed dietary Phe (mg/kg/ day)
increased from baseline to 2 year follow up in all age groups.

Figure 35. PKU-015. Prescribed dietary Phe from baseline to 2-year
follow-up in all age groups
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b Prescribed dietary Phe (mg/kg/day) from baseline to 2 years: overall and by age group
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In terms of 1Q, the mean full-scale intelligence quotient was 103 £ 12 at
baseline and 104 + 10 at 2-year follow-up (p=0.50, paired t-test, n=25) and
was therefore maintained. For children younger than 30 months of age, the
cognitive composite score from the Bayley Scales of Infant and Toddler
Development, Third Edition was also maintained within the normative range
of 100+/-15. (99)

Safety

Sapropterin had a favourable safety profile and was well tolerated. AEs and
drug-related AEs were consistent with adverse reactions listed on the
sapropterin package insert. An analysis of long-term safety in an extension
study of multiple phase Il studies of sapropterin 5-20 mg/kg/day found that
most AEs were mild or moderate in severity and were unrelated to treatment.

Table 38 presents nonserious AEs classified as possibly or probably related
to sapropterin and occurring in >5% of individuals with PKU. These included
abdominal pain, diarrhea, vomiting, infections of the ear and upper
respiratory tract, nasal congestion, and headache. Six serious AEs were
reported in five (9%) subjects. None of the serious AEs, which included
constipation, croup, pneumonia, injury, anaesthesia complication, and
seizure, was deemed by the investigator to be related to sapropterin.

The study authors concluded that sapropterin has a favorable safety profile
and was well tolerated, based on dose adherence and absence of serious
AEs, consistent with previous studies of sapropterin in subjects older than 4
and 8 years of age (Table 38). The reported AEs and drug-related AEs were
consistent with adverse reactions listed on the sapropterin package insert.
An analysis of long-term safety in an extension study of multiple phase lli
studies of sapropterin 5-20 mg/kg/day found that most AEs were mild or
moderate in severity and were unrelated to treatment. All growth parameters
in the current study were slightly above the 50th percentile of the Centers for
Disease Control and Prevention reference values at baseline and did not
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change significantly during the study, indicating that sapropterin therapy for
up to 2 years does not affect growth in young children with PKU (99).

Table 38. PKU-015. Adverse events observed in >5% of subjects (ITT
population)

Sapropterin group
Patients N (%)
Drug-related adverse events occurring in >5% of
patients (overall for all age groups)

Vomiting 7 (12.7%)
Diarrhoea 6 (10.9%)
Upper respiratory  tract | 6 (10.9%)
infection

Abdominal pain 5(9.1%)
Nasal congestion 5(9.1%)
Upper abdominal pain 4 (7.3%)
Ear infection 3 (5.5%)
Headache 3 (5.5%)
Serious adverse events (all deemed unrelated to study
drug)

(overall for all age groups)

Airway  complication of | 1(1.8%)
anaesthesia

Constipation 1(1.8%)
Seizure 1(1.8%)
Croup (infections) 1(1.8%)
Injury 1(1.8%)
Pneumonia 1(1.8%)

Source: Longo 2015 (99)

Conclusion

Sapropterin use preserved developmental performance, intellectual quotient
scores, and neurocognitive performance in children who started therapy
between 0 and 6 years of age (99).

Furthermore, according to the systematic literature review conducted, of 116 hits, 3
studies of sapropterin were identified with primary completion date recently or occurring
in the next 12 months (Table 39).
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Table 39: Ongoing clinical trials from registry

NCT Number | Title Status Outcome Measures Sponsor/Coll | Age Pha | Enroll Study | Primary | Completio
aborators se ment Type Completi | n Date
on Date
NCT02677870 | The Recruitin | Change in plasma Phe levels | University 2Yearsto | 4 25 Inter- Jun-18 Aug-18
Effectiveness | g Change in Phe tolerance Hospitals 60 Years ventio
of Kuvan in Executive function/QoL Cleveland (Child, nal
Amish PKU Medical Adult)
Patients Center|BioMa
rin
Pharmaceutic
al
NCT00838435 | Effect of Active, Long term efficacy of BioMarin Upto 6 3 230 Inter- Aug-19 Jan-20
PKU-015 Kuvan on not sapropterin in preserving Pharmaceutic | Years ventio
Neurocognitiv | recruiting | neurocognitive function in al (Child) nal
e Function, children with PKU. when tx is
Blood initiated at 0-6 years
Phenylalanine Effect of sapropterin on
Level, Safety, growth.
and BL neurocognitive function for
Pharmacokin g .
etics in all gapropterln -responsive
Children With subjects and 6' month Bayley
PKU Il data for subjects who are
0-2 years old.
PKs of sapropterin in young
children
NCTO00730080 | Sapropterinin | Complet | Diffusion tensor imaging of Washington 6 Years to 50 45 Obser- | May-18 May-18
PKU/Kuvan/ Individuals ed the brain|n-back task/ University Years (Child, vation
White- With recognition span task/ list School of Adult) al
201104287 Phenylketonu learning task/ verbal fluency Medicine|
ria task/ go/no-go task/ stimulus- | BioMarin
response compatibility task/ Pharmaceutic
structural MR of the al|University
brain| WASI of Missouri-
Columbia

Abbreviations: MRI, magnetic resonance imaging; PKs, pharmacokinetics; PKU, phenylketonuria; WASI, Wechsler Abbreviated Scale of Intelligence
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B.2.12 Innovation

Sapropterin is the first approved pharmacological treatment for PKU, a synthetic form
of chaperone enzyme BH4, which enhances the activity of the PAH enzyme. In
responsive patients of all ages, sapropterin produces a significant and durable reduction
in blood Phe.

Clinical trial evidence has demonstrated the reduction in blood Phe and improvement in
Phe tolerance possible in patients responsive to sapropterin. As a result these studies

suggest that sapropterin will allow patients to increase the natural protein in their diet:

e The Phase llIb, SPARK extension study has shown that patients 0-4 years old
taking sapropterin treatment are steadily increasing their protein intake by 38.74
mg/kg/day vs. Baseline (95% CI: 28.9, 48.6; p<0.0001) (94) The original SPARK
study (Muntau 2017) showed an improvement in Phe tolerance from 50.1
mg/day to 80.6 mg/day of Phe. Those patients who remained on sapropterin
plus diet showed their Phe-tolerance increased significantly vs. Baseline and
significant increases were maintained throughout the 36- month duration of the
study. Dietary Phe tolerance at the end of study increased by 38.74 mg/kg/day
vs. Baseline (95% CI: 28.9, 48.6; p<0.0001).

e The Phase IV registries PKUDOS and KAMPER have shown even higher

increases:

o In the latest interim PKUDOS analysis published, continuously
sapropterin treatment patients of all ages have increased their median

Phe intake 1.7 times, consistently over the 6 year study period. (5)

o Inthe latestinterim KAMPER analysis published, dietary Phe and natural
protein intakes increased in all age groups by 1.5 to 2 times their intakes

prior to sapropterin treatment. (48)

Furthermore, sapropterin treatment has been related to improvements on
neuropsychiatric and neuro-cognitive functions. As shown in section B.2.6. Clinical Trial
Results, in PKU-016, sapropterin treatment was associated with a significant
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improvement in ADHD inattention symptoms that were maintained throughout the study
for individuals with PKU and ADHD symptoms (93). In PKU-015 sapropterin use had

been shown to preserve developmental performance, intellectual quotient scores, and

neurocognitive performance in children who started therapy between 0 and 6 years of
age (99).

Finally, in addition to the clinical benefits of sapropterin, other benefits include:

reduction in_healthcare resource: improved Phe control will result in fewer GP

and hospital outpatient appointments, fewer avoidable or emergency hospital
admissions, and a reduction in the use of concomitant medicines used to treat
some of the psychiatric and neurological symptoms of PKU, such as anxiety and

depression based on clinical opinion

reduction in the burden on caregivers: by reducing the reliance on a strict Phe-

free diet, sapropterin treatment is expected to result in a reduction in the burden

on caregivers

improvement of the psychosocial aspects of PKU and health-related quality of

life: treatment with sapropterin can help PKU patients reduce their Phe levels
and in turn improve their executive function. Patients will then be able to see
improvements in their planning, processing speed, working memory and quality

of life.

better social inclusion, improved work performance and educational outcomes:

Given the impact elevated Phe has on cognition, treatment with sapropterin
would reduce blood Phe, improve executive function, improve Phe tolerance and
therefore eat a more natural diet and engage with family and friends on a more
social and inclusive basis. In addition, one would expect to observe
improvements in their ability to concentrate thus improving their academic and

work performance.
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B.2.13 Interpretation of clinical effectiveness and safety evidence

In the pivotal Phase Ill RCT in 89 patients aged 8 years and over (PKU-003), 18/41
(44%) of patients treated with sapropterin had a reduction in blood Phe concentration
of 30% or more after 6 weeks (95% CI| 28-60), compared to 4/47 (9%) of patients in the
placebo arm (95% ClI, 2-20) (p=0.0002).

In SPARK, a Phase IlIb RCT to evaluate the safety and efficacy of sapropterin in PKU
patients aged under 4 years, the primary endpoint was Phe tolerance, or the amount of
natural Phe patients with PKU can consume whilst maintaining their blood Phe levels.
In the intention-to-treat population (n=56), at 26 weeks, the adjusted Phe tolerance was
80.614.2 in the sapropterin+diet group (n=27) (vs. 37.1£17.3 mg/kg/day at baseline)
compared 50.1£4.3 mg/kg/day (vs. 35.8+20.9 mg/kg/day at baseline) in the diet-only
group. The adjusted difference between the two treatment groups was 30.5 mg/kg/day
(95% CI: 18.7; 42.3) and was statistically significant (p< 0.001).

Compelling long-term, real world data in more than 2,700 PKU patients from the ongoing
registry studies PKUDOS and KAMPER highlight the long-term (up to 6-7 years of
treatment) benefits of sapropterin treatment when used as an adjunct to a low Phe diet,
including sustained and clinically meaningful Phe reduction and the ability to eat more

natural protein.

In PKUDOQOS, subjects continuously exposed to sapropterin since registry enrolment had
an average 34% decrease in blood Phe from baseline over a period of 5 years (p =
0.0009) and a 54% increase in their ability to consume, or tolerate, dietary Phe after 6

years.

As stated above, the relevant comparator is lifelong adherence to a restricted protein
diet. Direct comparative clinical evidence is available from the Phase Illb SPARK study,
which compared the efficacy and safety of sapropterin administered in conjunction with
a Phe-restricted diet vs. a Phe-restricted diet alone. Similarly, the PKUDOS registry
provides a series of cross-sectional data cuts over the long-term comparing sapropterin
treatment in responsive patients to a cohort of non-responders on diet only. Other data

comparing the clinical benefits and adverse effects of sapropterin treatment vs. placebo
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are also available from the Phase I, Illb and IV studies. These data are used to
populate the economic model and so no indirect treatment comparison has been

performed.

The safety of sapropterin treatment has been evaluated across the full clinical
development programme for a total period of period of more than 10 years; safety data

continue to be collected in the ongoing studies.

In totality, the long-term real-world evidence and historical clinical trial data consistently
demonstrate the benefits of sapropterin in both paediatric and adult patients across a
range of outcomes, including clinically relevant improved and sustained Phe control and
the ability to eat natural protein without affecting blood Phe levels. Continuous use of
sapropterin is associated with improved and sustained Phe control and improved Phe
control is associated with reduced neuropsychiatric complications. Sapropterin is well-

tolerated with a manageable safety profile.
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B.3 Cost effectiveness

B.3.1 Published cost-effectiveness studies

Appendix G details the systematic searches performed to identify relevant economic
data. The search strategies are provided within this appendix. Appendix G also
describes and compares the methods and results of the identified cost-effectiveness

analyses for the technology and/or the comparator.

The cost-effectiveness studies identified are summarised in Error! Reference source

not found..
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Table 40: Summary list of published cost-effectiveness studies

Study, year, Year Summary of model Patient population QALYs Costs (currency) ICER per QALY gained
reference (average age in yrs) (intervention, (intervention,
comparator) comparator)

Micoch et al. | 2016 Payer perspective, lifetime Pts with PKU requiring RPD reimbursed: RPD reimbursed: €19.955
2016a/b(115, 116) CUA Markov model, 1 yr cycle | lifetime RPD, mean age 23.16 EUR €16.235
AB and POS length, costs and outcomes NR RPD non- RPD non-

discounted at 3%, 3 HSs (on reimbursed 22.35 | reimbursed: EUR €0

diet, non-compliance to diet

(mental retardation), death)
TLV 2017 2017 Payer perspective (no indirect | Children and adults with NR NR + SEK 286,353
HTA  evaluation costs), lifetime horizon, HPA due to PKU with
summary landmark model, 1 yr cycle genetic conditions Accepted by TLV

length, 5 HSs (controlled,
partially controlled,
uncontrolled, asymptomatic,
death)

responding to Kuvan who
do not achieve an
adequate response to
dietary treatment alone
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NCPE 2017(117) | 2017 Payer perspective, 100-yr time | Pts with HPA due to PKU, | Incremental QALY | Incremental cost 34,638 (BC — 20% Phe
HTA  evaluation horizon, decision analytic uncontrolled or partially (sapropterin + (sapropterin + Phe- | toler.)
summary model, cohort-based Markov- | controlled (mean age NR) | Phe-RD vs Phe- RD vs Phe-RD):

type model, after BH4 RD): EUR €8,749,188

response test responders 252 59

move to recursive Markov part

of model, 1 yr cycle length, 5

HSs (controlled, partially

controlled, uncontrolled,

asymptomatic, and death), half

cycle correction applied
SMC 2018(118) 2018 Payer perspective, 100-yr time | Pts 0-18 yrs with HPA due | NR NR Not CE

SMC evaluation

horizon, decision analytic
model (during 4-week period of
testing responsiveness) and,
for responders, Markov model,
1 yr cycle length, 5 HSs
(controlled, partially controlled,
uncontrolled, asymptomatic,
and death)

to PKU, uncontrolled
(elevated Phe with
symptoms) & partially
controlled (Phe in target
with symptoms),
sapropterin-responsive, &
maternal PKU females

+Incremental costs NR. Average cost of sapropterin: SEK 1,080,000/patient/year. Average cost of diet SEK 167,065/patient/year. Cost of visit to dietitians and specialists given
per visit and number of visits per HS reported.
Abbreviations: AB, abstract; BC, basecase; CE, cost-effective; CUA, cost-utility analysis; EUR, euros; HPA, hyperphenylalaninaemia; HS, health states; ICER, incremental cost-
effectiveness ratio; NCPE, National Centre for Pharmacoeconomics (Ireland); NR, not reported; Phe, phenylalanine; Phe-RD, phenylalanine restricted diet; POS, poster; pts,
patients; QALYs, quality-adjusted life years; RPD, restricted protein diet; SMC, Scottish Medicines Consortium; toler., tolerance; uos, unless otherwise stated; yr, year; yrs, years
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B.3.2 Economic analysis

Patient population

Conceptually, the patient population of interest is as stated in the SmPC and decision
problem, namely for the treatment of HPA in patients of all ages, with phenylketonuria
PKU who have been shown to be responsive to treatment with sapropterin
dihydrochloride (119).

Based on the scope agreed with NICE, the following populations are captured in the

economic model:

e 0to4 yearsold

e (0to12yearsold

e 0to 17 years old

e 51to 12 years old

e 13to 17 years old

e Adults (=18 years old)

e Women of childbearing age (defined as 18 to 40 years old)

e All years (base case)

Of these, the base-case patient population considered in this economic evaluation
comprises controlled PKU patients starting treatment from four weeks of age, who
were shown to be responsive to sapropterin treatment during the response testing
period and who are treated for the duration of their lifetime (i.e. the all years group). It
was considered imperative to capture the cost-effectiveness of sapropterin treatment
when taken immediately after the completion period, because PKU is diagnosed by
newborn screening, and babies must begin treatment immediately to prevent
irreversible brain injury (further information is provided in Section B.1.3). Cost-
effectiveness results for all the other patient populations are also reported in this

submission.

Company evidence submission template for sapropterin dihydrochloride for the treatment of
hyperphenylalaninaemia in adults and paediatric patients of all ages with phenylketonuria
who have been shown to be responsive to such treatment

© BioMarin (2018). All rights reserved Page 156 of 218



Model structure

A decision analytic Markov model was developed in Microsoft Excel®, with the overall

structure shown in Error! Reference source not found..

Figure 36: Schematic representation of the Markov model

Uncontrolled

[sapropterin + protein-
restricted diet)

Controlled
(sapropterin + protein-
restricted diet)

\ Uncontrolled (protein-
restricted diet only)

Controlled (protein-
restricted diet only)

The model uses a cycle length of one year to estimate the transition of a hypothetical

cohort of PKU patients through the following five health states:
e Controlled (sapropterin in conjunction with a protein