Introduction

* Phenylketonuria (PKU) is an inborn error of phenylalanine (Phe)
metabolism that, if untreated, causes Phe accumulation in the
blood and brain leading to neurophysiological alterations and poor
developmental outcomes’

» Lifelong management of PKU centers on medical nutrition therapy
with a Phe-restricted diet to achieve (and maintain) appropriate
blood Phe levels??®; sapropterin dihydrochloride is indicated for
responsive individuals*® and pegvaliase is an option for adults with
uncontrolled blood Phe levels despite intervention®’

= Many adults are unable to achieve blood Phe levels within
guideline-recommended ranges, either due to waning adherence
to Phe-restricted diet or an inadequate response to treatment,
including due to disease severity®?; uncontrolled blood Phe levels
lead to adverse neurocognitive and neuropsychiatric outcomes™'>

= Comorbidities across organ systems have been reported in adults
with PKU, with claims-based studies finding a higher prevalence of
somatic comorbidities compared with a general population®4

A systematic literature review (SLR) was conducted to evaluate
the prevalence and severity of non-neurocognitive and
non-neuropsychiatric comorbidities in adults with PKU by
iIntervention, disease severity, and adherence, to provide insight
into specific treatment situations

Methods

* The SLR is registered with the Research Registry (reviewreqistry1476)

= Eligibility criteria were established using the Population, Intervention,
Comparator, Outcome, Study design (PICOS) framework (Figure 1)

Figure 1. Inclusion criteria established using the PICOS framework

Inclusion: Adult patients (aged 216 years, or as defined by the study)
with confirmed PKU or described as having PKU?

Exclusion: Children aged <16 years

Inclusion:

» Sapropterin dihydrochloride or pegvaliase

» Protein substitutes, in liquid, powdered, semi-solid, or solid forms
* Low protein foods

Inclusion:

* No therapeutic intervention (not receiving medical nutritional therapy/
Phe-restricted diet, and/or sapropterin dihydrochloride or pegvaliase, including
healthy controls or a reference population)

* Protein substitutes and/or low protein foods

Inclusion:

The prevalence or severity of different somatic comorbidities in patients with
PKU on medical nutritional therapy/Phe-restricted diet, and/or sapropterin
dihydrochloride or pegvaliase compared with:

* healthy controls

 the general population (including standard reference values)

 patients with PKU not receiving any form of therapeutic intervention
 patients with PKU who did not adhere to treatment

 patients with PKU who interrupted/discontinued treatment

The prevalence or severity of different somatic comorbidities in patients across
the PKU disease spectrum on medical nutritional therapy/Phe-restricted diet,
and/or sapropterin dihydrochloride or pegvaliase

Inclusion: Randomized controlled trials; single-arm clinical trials; cohort studies
(prospective and retrospective); cross-sectional studies and surveys

Exclusion: Systematic reviews and meta-analyses; narrative (non-systematic)
review articles; animal or in vitro studies; letters, editorials, and commentaries;
guidelines and best practice; congress abstracts; non-peer-reviewed articles

m Inclusion: Language of publication: English; date of publication: up to
February 1, 2022; countries: all

Exclusion: Language of publication: non-English

aStudies that included children but did not stratify outcomes by patient age were included.

= Literature was retrieved via the PubMed interface and included
publications from MEDLINE from earliest coverage (1946) to
February 1, 2022, using pre-defined free text and Medical Subject
Headings (MeSH) search terms based on the PICOS framework

= A two-stage screening process identified records eligible for
data extraction

— Records were screened by abstract, and those considered
potentially eligible were screened by full text to confirm
eligibility (concordance of eligibility decisions was assessed by
independent review of 10% of records selected at random)

= Data extraction was conducted by one reviewer into a pre-designed
spreadsheet (Microsoft Excel®) and was checked for accuracy by an
Independent reviewer

= Studies were grouped by PKU populations identified and by
comorbidity types

— Vote counting was used for data synthesis, allowing direction of
effect to be determined

= \ote counting followed the methods described in the Cochrane
handbook™ and was reported according to the Synthesis Without
Meta-analysis (SWiM) guidelines™

— A standardized binary metric was created by allocating votes to
the groups compared in studies according to the direction of a
higher comorbidity burden, regardless of statistical significance
of differences between the groups

— The number of votes allocated to each group was then compared
to determine the direction of effect
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Results

Study selection and characteristics

* |n total, 1,128 unique records were screened; 459 records were
identified as potentially eligible for inclusion and 73 studies spanning
10,640 patients were confirmed as eligible for inclusion (Figure 2)

— Most were of observational design and most were conducted in
European countries (n=53) and/or in North America (n=19)

Figure 2. PRISMA diagram showing article selection process
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PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses. Articles were excluded on a hierarchical basis, in the order
that questions were asked (i.e., if the answer to the first question was no, this was given as the main reason for exclusion, but articles may
have met or not met other criteria).

alncludes studies that did not present outcomes in a meaningful way which answered one or more of the pre-specified research questions.
®Includes open interventional trials, pooled analyses, and cost analyses.

= More than 15 different comorbidity types were reported across
the 73 studies: white matter abnormalities and bone-related
abnormalities were the most commonly reported

= Studies were grouped according to PKU populations (Table 1)
and then according to comorbidity type

Table 1. Grouping of studies by PKU population

Study groupings

Number Number Vote
of of counting

: studies® patients® | conducted
Intervention

population

Comparator
population

Patients with PKU

on a Phe-restricted Healthy controls

diet with or without or reference 5813.14.17-72 9,938 YesP
pharmacological values
therapy
Patients with PKU Patients with PKU
adherent to a non-adherent to a 88:44.65,73-77 417 Yes®

Phe-restricted diet Phe-restricted diet

Patients with PKU
on a specific
Phe-restricted diet

Patients with PKU
on a different 7 JEREH 96 No¢
Phe-restricted diet

Patients with
HPA or less )
severe PKU on a 3% 123 No*
Phe-restricted diet®

Patients with more
severe PKU on a
Phe-restricted diet®

Patients with
PKU treated
with pegvaliase
or sapropterin
dihydrochloride’

Patients with
PKU treated with 28586 166 No¢
placebo

HPA = hyperphenylalaninemia.

aTwo studies**®® are counted twice as both compare patients with PKU on a Phe-restricted diet with or without pharmacological therapy versus
healthy controls or reference values, and patients with PKU who adhered to a Phe-restricted diet versus non-adherent. ®Vote counting was
conducted on 47 studies: nine of the 58 studies did not report results for the healthy controls group and were excluded; another two studies were
also excluded as it was not possible to confirm treatment with a Phe-restricted diet in the full study population. °Vote counting was conducted on
seven studies: one study was excluded due to no clear correlation between the severity of comorbidity and dietary history of the patients. ‘Fewer
than five studies resulting in insufficient data, vote counting could not be conducted. ¢Includes studies of patients with classical PKU versus patients
with mild/moderate PKU and patients with PKU versus patients with HPA. ‘One study® included five participants who followed a Phe-restricted
diet (study did not specify whether these patients were in the pegvaliase or placebo group). Another study® did not indicate patients were on a
Phe-restricted diet.
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Data synthesis

* In the vote-counting analysis shown in Figure 3, a higher burden of
=1 comorbidity (or outcome measure) in patients with PKU versus
healthy controls or reference values was indicated in all 47 studies,
and a higher burden of 21 comorbidity
(or outcome measure) in healthy controls or reference values versus
patients with PKU was indicated in seven studies

— Bone-related abnormalities and white matter abnormalities were
the most commonly reported comorbidities with a higher burden
of 21 comorbidity (or outcome measure) in patients with PKU on
a Phe-restricted diet with or without pharmacological therapy
versus healthy controls or reference values

Figure 3. Burden of comorbidities in patients with PKU on a
Phe-restricted diet with or without pharmacological therapy
versus healthy controls or reference values (assessed by vote
counting, n=47 studies)
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or without pharmacological therapy
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COPD = chronic obstructive pulmonary disease.

Figure indicates the number of studies with a higher burden of 21 comorbidity or outcome measure (some studies reported more than one
comorbidity/outcome measure or had a differing direction of effect between comorbidities/outcome measure). Vote counting was conducted
regardless of statistical significance. In most studies, all patients were on a Phe-restricted diet, except: one study with a mixture of patients on and
not on a Phe-restricted diet?; one study in which some patients received sapropterin, some patients were on a Phe-restricted diet, and, for some
patients, it was not clear whether they were on a Phe-restricted diet or not™; and one study in which some patients were treated with sapropterin in
addition to dietary treatment®®.

Bone-related abnormalities: Higher burden in PKU (n=19)417.22.23.26.28.29.33.4042-45,5056.,57.63.70.71. hjgher burden in controls (n=4)'7232945_ White matter
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* Arange of outcome measures for bone-related abnormalities and
white matter abnormalities was reported across studies (Figure 4)

— The most commonly reported (in 24 studies) outcome measures
for bone-related abnormalities were Z-scores, markers for
bone resorption and bone formation, and prevalence of
osteopenia/osteoporosis

— The most commonly reported (in 24 studies) outcome measures
for white matter abnormalities were magnetic resonance imaging
grading, apparent diffusion coefficient, and fractional anisotropy

* |n the vote-counting analysis comparing the burden of comorbidities
In patients with PKU adhering to a Phe-restricted diet versus those
non-adherent, four studies indicated a higher burden of 21 comorbidity
(or outcome measure) in patients who adhered versus those
non-adherent, and six studies indicated a higher burden of =1
comorbidity (or outcome measure) in patients who did not adhere
versus those adherent

* A range of comorbidities was reported in the other PKU population
comparisons:

— White matter abnormalities were reported in a study of patients
with classical PKU versus mild/moderate disease (including a
mixture of patients off diet and patients on a Phe-restricted diet);
no significant difference was found in terms of the severity of white
matter involvement between the disease severity groups (p=0.36)%

— Bone-related abnormalities were reported in a study of patients
who were on a Phe-restricted diet with classical PKU versus
mild/moderate disease; the prevalence of osteopenia and
osteoporosis was reported to be similar between the disease
severity groups (no statistical comparison reported)®®

— Nutritional outcomes were measured in patients with PKU and
patients with HPA; differences in the concentrations of serum
pre-albumin, zinc, and iron between groups were not statistically
significant, but there was a statistically significant lower
concentration of selenium in adult patients with PKU compared
with adult patients with HPA (p=0.006)*

— Headache was reported as an adverse event in studies of
pegvaliase or sapropterin dihydrochloride®®

— One study of patients with PKU reported more headaches in
the placebo group than in the pegvaliase group (no statistical
comparison reported)®
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Systematic literature review of the prevalence and severity of somatic comorbidities
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— Another study reported headaches in patients with PKU or HPA
receiving sapropterin dihydrochloride; headaches (in 1 patient),
which were considered to be probably related to sapropterin
and headaches (in 8 patients) and migraines (in 4 patients),
which were considered to be possibly related to sapropterin®®

— Three studies evaluating different Phe-restricted diets reported
on prevalence of overweight/obesity’®®. Two studies reported
no significant differences between diets (p=1.000"°, p=0.367%°);
one study reported body mass index remained unchanged
between diets™

Figure 4. Measures used to report A) bone-related abnormalities
and B) white matter abnormalities in patients with PKU on a
Phe-restricted diet with or without pharmacological therapy versus
healthy controls or reference values
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OC = osteoclastogenesis; PR = prevalence ratio.

Underlined studies showed a statistically significant difference between groups. All 20 studies indicated a higher prevalence and/or severity in the PKU
group compared with healthy controls or reference values; with 17 reporting a statistically significant difference1417:22:2328:334042-45.5056,57.63.70 ' gne that did
not find a statistically significant difference®, and two that did not test for statistical significance between PKU group and controls?®*'. Further details on
this figure can be found in the forthcoming manuscript.
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ADC = Apparent diffusion coefficient; IW = intermediate weighted; NMR = nuclear magnetic resonance.

Out of 19 studies, seven studies did not report outcome values for healthy controls despite a clear indication of a control group, and therefore the
results are not comparative?'3254616272 From the 12 studies that did report outcome values for both healthy controls/reference values and patients
with PKU30:3134394146:49.52.53556669  g|| 12 indicated a higher prevalence and/or severity in the PKU group compared with healthy controls or reference
values; with eight studies reporting statistical significance®-31:343949526669 gnd four studies that did not test for statistical significance*':5%%%4_ Underlined
studies showed a statistically significant difference between groups. Further details on this figure can be found in the forthcoming manuscript.

Conclusions

* This SLR provides evidence for an unmet need in the current
treatment landscape, highlighting the higher somatic, non-neurocognitive
and non-neuropsychiatric comorbidity burden on patients with PKU
versus a non-PKU population. To potentially avoid the clinical and
economic implications of managing comorbidities, there is a need
for improved access to therapeutic interventions to maintain blood
Phe levels within recommended ranges over the long term

* No conclusions could be drawn from vote counting of the diet
adherent versus non-adherent populations, as numbers of studies
In each population indicating a higher burden were similar

* The scarcity of data from studies using similar designs and patient
populations, as well as consistency of outcome measures for many
comorbidities, restricted the synthesis methods that could be used
to evaluate the somatic comorbidity burden

— Although vote counting is considered an acceptable alternative
when meta-analysis is not feasible’™, not all studies could be
included in the analysis due to lack of comparative data; the
analysis does not account for differences in the relative sizes
of the studies or methodological aspects, and provides no
information on the magnitude of effect

= More robust studies reporting consistent outcome measures and
evaluating the relationship between effective metabolic control
and comorbidity burden are needed
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