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Abstract

Background: Phenylketonuria (PKU) is a rare inherited metabolic disorder caused by defects in the phenylalanine-
hydroxylase gene (PAH), the enzyme catalyzing the conversion of phenylalanine to tyrosine. PAH impairment causes
phenylalanine accumulation in the blood and brain, with a broad spectrum of pathophysiological and neurological
consequences for patients. Prevalence of disease varies, with peaks in some regions and countries, including Italy. A
recent expert survey described the real-life of clinical practice for PKU in Italy, revealing inhomogeneities in disease
management, particularly concerning approach to pharmacotherapy with sapropterin hydrochloride, analogous of
the natural PAH co-factor, allowing disease control in a subset of patients. Therefore, the purpose of this paper is to
continue the work initiated with the expert survey paper, to provide national guidances aiming to harmonize and
optimize patient care at a national level.

Participants: The Consensus Group, convened by 10 Steering Committee members, consisted of a multidisciplinary
crowd of 46 experts in the management of PKU in Italy.

Consensus process: The Steering Committee met in a series of virtual meeting in order to discuss on clinical focuses
to be developed and analyzed in guidance statements, on the basis of expert practice based evidence, large system-
atic literature review previously performed in the expert survey paper, and evidence based consensus published.
Statements were re-discussed and refined during consensus conferences in the widest audience of experts, and
finally submitted to the whole consensus group for a modified-Delphi voting.

Results: Seventy three statements, divided in two main clinical areas, PKU management and Pharmacotherapy,
achieved large consensus in a multidisciplinary group of expert in different aspects of disease. Importantly, these
statements involve guidances for the use of sapropterin dihydrochloride, still not sufficiently implemented in Italy, and
a set of good practice to approach the use of novel enzyme replacement treatment pegvaliase.

Conclusions: This evidence-based consensus provides a minimum set of guidances for disease management to be
implemented in all PKU centers. Moreover, these guidances represent the first statement for sapropterin dihydrochlo-
ride use, implementation and standardization in Italy, and a guide for approaching pegvaliase treatment at a national
level on a consistent basis.

*Correspondence: g.biasucci@ausl.pc.it; andrea.fasciani@cdpharma.it
2 Maternal and Child Health Department, Pediatrics and Neonatology
Unit, Guglielmo da Saliceto Hospital, 29121 Piacenza, Italy

Full list of author information is available at the end of the article

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-7441-9248
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-021-02086-8&domain=pdf

Burlina et al. Orphanet J Rare Dis (2021) 16:476

Page 2 of 18

Keywords: Phenylketonuria, Italian consensus, Transition, Pharmacotherapy tailoring, BH4 test, Sapropterin,

Pegvaliase

Background

Phenylketonuria is an autosomal recessive disor-
der caused by defects in the PAH gene, occurring in
1:10,000 live births in Europe, with higher prevalence
in some countries, including Italy [1]. PAH catalyze
the oxidation of phenylalanine (Phe) to tyrosine, thus,
defects in PAH activity lead to impaired Phe metabo-
lism and increase in blood concentration characteriz-
ing disease, with serious consequences for brain health
[2]. The genetic landscape of PKU reveals more than
950 variants in PAH gene, causing different degrees
of PAH loss of function and determining different
clinical phenotypes, with blood Phe concentrations
increasing with decreasing PAH residual activity [3].
On clinical ground, hyperphenylalaninemias (HPAs)
are now classified according to the treatment options,
including non-PKU HPA (Phe concentration rang-
ing from 120 to 360 pumol/L), and PKU HPA (blood
Phe concentration>360 pumol/L) [4]. High blood Phe
levels result in brain Phe accumulation which affects
postnatal neurodevelopment, leading to severe and
irreversible neurological and intellective impairment.
Neonatal screening for PKU and early treatment have
eradicated this clinical condition in countries with
advanced health systems (https://www.osservatorioscr
eening.it/fenilchetonuria-screening-neonatale/). Cur-
rent European guidelines recommend a lifelong treat-
ment aimed at keeping blood Phe levels within the
target range of 120-360 pmol/L until 12 years of age, to
prevent neurodevelopmental derangement, and within
120-600 umol/L later, in order to prevent possible neu-
rocognitive decline or deterioration [5].

The milestone of PKU therapy is a strict low-Phe diet,
requiring avoidance of high-protein foods, consump-
tion of protein substitute distributed throughout the
day and adequate energy intake, with significant patient
burden [6]. Compliance is often poor, particularly dur-
ing emotionally complicated adolescent years and in
adults, when diet management also profoundly influ-
ences patient’s social relationships and quality of life
[7].

In recent years, pharmacological treatments for PKU
were developed, allowing to control blood Phe levels
while easing or normalizing diet, opening the way to
a possible alternative for PKU patients. Pharmacologi-
cal treatment options include supplementation with
sapropterin dihydrochloride, the synthetic form of
tetrahydrobiopterin (BH4), the natural chaperone for

PAH, and enzyme substitution therapy with phenyla-
lanine-ammonia-lyase, pharmacologically active as the
PEGylated form, pegvaliase.

Sapropterin dihydrochloride was the first pharmaco-
logical therapy developed for PKU, indicated in pediat-
ric and adult patients with BH4 responsive-PKU [8], in
association to diet therapy. BH4 activates residual PAH
enzyme, improving oxidative metabolism of Phe, thus
decreasing blood Phe levels and increasing Phe tolerance.
Patients eligible for BH4 treatment can be identified
based on a BH4 response test [9]. In responding patients
with adequate metabolic control, sapropterin dihydro-
chloride treatment allows to significantly reduce blood
Phe concentration while easing diet by increasing natu-
ral protein intake, leading to improved compliance and
disease management [10]. Although sapropterin dihy-
drochloride was approved by the European Medicines
Agency (EMA) in 2008 [11], clinical practice is still sig-
nificantly variable among countries, particularly concern-
ing BH4 response test, with a wide variety of protocols
adopted in different countries and even within the same
country [10, 12].

Pegvaliase, developed more recently, is based on a dif-
ferent mechanism of action, representing the first enzyme
substitution therapy for PKU. Pegvaliase directly con-
verts phenylalanine to ammonia and trans-cinnamic acid,
regardless of PAH residual activity [13]. Pegvaliase treat-
ment is indicated for adult PKU patients (> 16 years) with
uncontrolled blood Phe levels above 600 pumol//L, on
existing therapy [14]. In clinical trials, pegvaliase showed
high clinical efficacy in reducing and maintaining blood
Phe levels within target ranges, while allowing a diet
with intact protein intake close to those recommended
for general population. Improvement in inattention and
mood symptoms were also observed with the use of peg-
valiase [15]. Based on comparative clinical studies, peg-
valiase was also defined by some authors as the most
effective treatment option for adults with PKU who have
difficulty keeping blood Phe <600 umol/L with diet alone
or diet+ sapropterin [16]. Pegvaliase was approved for
use in the EU in 2019 [17] and its use in clinical practice
is currently being diffusing in most countries.

Thus, evidences show that enormous progresses in
treatment of PKU patients were made in last years,
although clinical practice largely differs among countries.
The situation of PKU management in Eastern and South-
ern Europe was recently investigated in a survey study,
outlining huge disparities in diagnosis and treatment
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in some countries and claiming for targeted efforts to
optimize diagnostic and management approaches [18].
Accordingly, a recent survey study described the Italian
real-life clinical experience of PKU management, with
particular focus on management of adult PKU patients,
Phe target ranges in different centers, therapeutic strat-
egies, follow-up schedules and expectations regarding
future treatments. The study revealed significant differ-
ences in PKU management among different specialistic
centers in Italy, with particular issues concerning compli-
ance to diet therapy in adult patients and heterogeneity
in BH4 therapeutic approaches among different cent-
ers, highlighting the necessity of establishing a network
of knowledge and experience among PKU specialistic
centers, in order to optimize therapies and improve PKU
patients life in Italy [10].

To this purpose, this article presents the first Ital-
ian Consensus on PKU management and pharmaco-
therapy, proposing alignment practices for ameliorating
care throughout the country and approaching pegvali-
ase pharmacotherapy on a consistent basis, according to
best evidences, expert opinion and current guidelines. In
particular, the consensus program aimed to deeply inves-
tigate the conformity of current clinical practice in Italy
with recent European guidelines, specifically address-
ing the opportunity to find a common approach among
Italian centres and to apply best practice not yet imple-
mented in real life. In this setting, guidance statements
provided represent an integration between general guid-
ances of European guidelines with peculiarities of clinical
practice in Italy.

Methods

Development of guidance statements

This consensus process is the natural prosecution of an
expert survey analysis on the state of art of PKU man-
agement and pharmacotherapy in Italy, culminated in
the publication of an expert paper in 2021 [10], assess-
ing relevant differences and gaps in PKU patients man-
agement among different specialistic centers, beside the
lack of national guidances. A group of 10 health care
practitioners from 8 specialistic centers in Italy, including
pediatricians, metabolic specialists, neuropsychiatrists,
psychologists and dieticians, with specific expertise in
PKU care, was identified as the Steering Committee (SC)
to guide the consensus process. All authors of the Italian
expert paper were included in the SC to maintain conti-
nuity of the process. The SC met in a first Virtual Work-
ing Group Meeting where they identified a list of clinical
topics to address and grouped the topics in two areas of
clinical focus, PKU management and Pharmacotherapy.
During the workshop, the SC shared experiences and
knowledge on the topics, addressing peculiar experiences
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and clinical practice, in order to find an agreement on
interventions needed to optimize clinical practice for
PKU management and pharmacotherapy. Based on the
discussion during the first meeting, guidance statements
were developed by the SC and analyzed in a second vir-
tual workshop, organized in two meetings, one per clini-
cal focus. The SC then met in a series of virtual meetings
to refine the guidance statements to be submitted for
a modified-Delphi Consensus in a wider audience of
experts.

The project was sponsored by BioMarin Pharmaceuti-
cals. All SC meetings and consensus process were organ-
ized by CD Pharma, an independent communication
agency, with no intervention of the sponsor in statements
development or discussion.

Consensus process

Guidance statements were analyzed in a first virtual con-
sensus conference, divided in two sessions at a distance
of one week, the first to discuss guidance statements
related to PKU management and the second to analyze
statements concerning pharmacotherapy. The SC shared
the discussion with an audience of 36 experts from the
main reference centers around Italy. In order to facili-
tate discussion, statements were divided in two groups
in both conferences, and so were the SC and audience;
each group of experts was assigned to a different work-
ing group/break-out room according to their particu-
lar expertise, where guidance statements were analyzed
and refined to be submitted for consensus evaluation by
the whole SC and audience. Working group A analyzed
clinical topics related to Multidisciplinary Team, Nerv-
ous System Functioning, Neurocognitive and Psychiatric
and Neuroimaging use in Follow-up, PKU Quality of Life;
working group B, clinical topics concerning Predictive
Value of the Genetic Profile, DBS Follow-up, Transition
and Comorbidities, Adherence and Compliance; work-
ing group C discussed statements related to Sapropterin
hydrochloride; working group D, statements related to
Pharmacotherapy Tailoring and Pegvaliase.

Guidance statements were then sent to all participants
for consensus evaluation in a modified Delphi survey,
using a Survey Monkey platform. Participants expressed
their level of agreement/disagreement on each state-
ment anonymously, using a 5-point Likert-type scale
(1=strongly disagree, 2=disagree, 3=somewhat agree,
4 =agree and 5=strongly agree). The number and per-
centage of participants who scored each item as 1 or 2
(disagreement), or as 3 (partial agreement) and as 4 or
5 (full agreement) were calculated. Consensus was con-
sidered to be reached when the sum for full agreement
was>66%. All statements that achieved<66% of full
agreement in the first survey were further discussed by
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the SC during a virtual meeting. During this meeting,
statements were refined and rephrased for clarification,
to be proposed to all participants for further discussion
in a second consensus conference. During the confer-
ence, statements were analyzed by all participants in a
one part-session and further modified considering dis-
cussion and experts suggestions. According to the Delphi
methodology, the statements were sent to all participants
for a second round of consensus evaluation, using the
same Survey Monkey platform and the same protocol for
counting applied at the first round. Again, Consensus was
considered to be obtained when the sum for full agree-
ment was > 66%.

Results

A total of 73 guidance statements were developed after
discussion among the SC about clinical topics related to
management of patients with PKU and pharmacother-
apy. After the first voting round, 59 statements reached
consensus with>66% of full agreement. 14 statements
scored from 39 to 65% of full agreement, thus, after
further analysis in the SC, these statements were re-
discussed, slightly changed and rephrased, to be sub-
mitted in a second consensus conference, obtaining full
consensus.

Results presented below include the final guidance
statements and a summary of the rationale behind guid-
ances. A thorough dissertation about literature and
discussion is provided for some clinical topics as sup-
plementary material (Multidisciplinary team, Follow-
up, Sapropterin dihydrochloride during pregnancy,
Sapropterin efficacy, Pegvaliase induction, titration and
maintenance strategy, Pegvaliase AEs prevention and
management), leaving here arguments strictly related to
statements development or resulting from particularly
relevant discussion during consensus.

PKU management

Multidisciplinary team

Current European guidelines provide the minimum
requirements of the PKU multidisciplinary team estab-
lished by the E.S.PKU [19]. Discussion among experts
focused on the necessity of gathering all the indications
of guidelines, in order to harmonize them with local
practice and summarize them in guidance statements.

Statement # 1

PKU needs to be managed through an integrated multidisciplinary
transversal approach, all along patients'life, throughout pediatric and
adult care

Statement # 2
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PKU multidisciplinary transversal team should include, as a minimum,
one pediatrician with expertise in inherited metabolic diseases for care
of infants and children, who should then accompany adolescents in
the hands of an internist or metabolic expert for specific adult care,
collaborating with at least one dietician and one psychologist

Statement # 3

Lab medical and genetics specialists, neuropsychiatrists and nurses are
also needed to follow up clinical and pharmacotherapeutic manage-
ment and outcomes

Statement # 4
Gynecological care is additionally required during childbearing age

Predictive value of the genetic profile

The degree of PKU severity is strictly related to the
genetic abnormalities in PAH gene, affecting residual
enzyme activity and determining a broad spectrum
of phenotypes. Several allelic variants of PAH have
been isolated and described, implementing databases
(BIOPKU, http://www.biopku.org/home/biopku.asp) and
genotype/phenotype association, thus providing a pow-
erful tool for phenotype prediction, in order to imple-
ment tailored treatment strategies in PKU patients [20].
Recently, the statistical power of the BIOPKU database
was investigated by using an allelic phenotype value
(APV) algorithm to describe the relationship between
genotype and phenotype in PKU. APV is a value defining
the association of a variant with the corresponding meta-
bolic phenotype, thus defining its severity, with APV=0
corresponding to classic PKU, APV =5 indicating mild
PKU and APV=10 mild HPA. Data revealed the high
predictivity of APV and related genotypic-phenotype
value, resulting in a genotype-based phenotype predic-
tion of 99.2% for classic PKU, 46.2% for mild PKU and
89.5% for mild HPA [1, 21]. In Italy, patient genotyping is
performed mostly to predict mild/moderate phenotypes
for BH4 responsiveness [10]. As a matter of fact, geno-
type analysis should be considered in all PKU patients,
in order to outline the metabolic phenotype and predict
responsiveness to treatments [5].

Statement # 5

PKU patient genotyping is required, as allelic variants can be useful to
outline disease phenotype and the appropriate therapy tailoring

Statement # 6

International database on PKU might be helpful (BIOPKU database at
http://www.biopku.org/home/biopku.asp) to understand PKU genetic
profile analysis

Follow-up

Dried blood spot (DBS) follow up

Dried blood spot (DBS) follow-up of patients with PKU
is aimed to maintain Phe levels within the target range
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recommended, in order to prevent neuropsychological
impairment. The consensus group agreed on the oppor-
tunity to align Italian practice to the recommendation of
European guidelines [5], both concerning targeted ranges
recommended and the schedule of DBS in different age
ranges and conditions.

Statement # 7

Life-long systematic blood Phe level evaluation is
recommended for PKU treated patients

Statement # 8

Frequency of DBS follow-up for blood Phe testing should
be adjusted according to age and patient’s condition:

0-1 year Weekly
1-12 years Every

2 weeks
> 12 years Monthly
Women preconception Weekly
Pregnancy Twice

weekly
Statement # 9

In non-treated HPA patients DBS follow-up for blood
Phe testing should be performed at least monthly, up
to 2 years of age

Statement # 10

Frequency of DBS should be increased in particular
conditions: treatment changes, intercurrent infections
(gastroenteritis, fever), social or familiar changes (e.g.
change of school/job, living home, family or work
problems), pregnancy with specific requirements,
adherence issues

Statement # 11

Target blood Phe ranges recommended are 120-
360 umol/L for 0-12 years patients and during preg-
nancy, 120-600 pmol/L after 12 years of age

Nervous system functioning follow-up

PKU effects on postnatal development of the brain, as
well as on mature brain functioning, are still not com-
pletely described [22]. High Phe levels (>600 pmol/L)
affect brain health in different ways, including both
myelinization and neurotransmitters deficit (dopamine,
serotonin), thus resulting in different effects on cogni-
tive function and behavior, depending on the type of task
analyzed and the age of patient [23], with peculiar neu-
rocognitive deficits mostly associated to younger rather
than to older patients [24]. For these reasons, the con-
sensus’ group focused on the need of a tight schedule for
nervous system functioning follow-up and the presence
of neurology and psychiatry specialists and psychologists
in the multidisciplinary team, as also recommended in
current guidelines [5].
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Statement # 12

Phe levels affect nervous system health, with peculiarity related to
specific patient physiology and overall effects on neurotransmitter
depletion and increased brain vulnerability

Statement # 13

Patients with Phe values above defined safety range (120—

600 pmol/L)—Dboth early treated and late diagnosed—need to be
tightly monitored, because of possible consequences on the nervous
system, despite historical Phe

Statement # 14
The PKU multidisciplinary care team should include neuropsychiatrists,
psychiatrists, psychologists and neurologists for routine evaluation of

nervous system health and neurological damages in particular condi-
tions

Neurocognitive and psychiatric follow-up

Neurocognitive studies in patients with early treated
PKU confirm the relationship between metabolic control
and the impairment in specific cognitive domines, as a
result of Phe exposure in different developmental stages,
throughout the life span [23]. In this framework, the
necessity of implementing a shared schedule for neuro-
cognitive and psychiatric follow-up of patients with PKU
in Italy emerged, harmonizing any discrepancy in local
practice with current guidelines [5] and best practices.

Statement # 15
IQ full scale assessment is highly suggested at 12 and 18 years
Statement # 16

Neurocognitive and psychiatric follow up should be tailored according
to patient’s clinical and life conditions, including but not limited to:

Worsening performance (school or work)

Comorbidities

Metabolic unbalance, due to dietetic or therapeutic incompliance
Psychiatric problems

Concerns of clinicians

Statement # 17

Neurocognitive assessment domains to evaluate according to patient’s
clinical and life conditions are:

Planning, mental flexibility and problem solving
Inhibitory control (reaction time)

Visual-spatial memory

Visual-motor coordination

Short term memory /Working memory

Speed of processing

Sustained attention

Verbal fluency

Verbal memory and learning
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Neuroimaging use in follow-up

Alterations on magnetic resonance imaging were
observed both in early and late treated PKU patients [25].
Nonetheless, no long term evidences exist of a correla-
tion between white matter or grey matter damage and
Phe metabolic control. For this reason, waiting for fur-
ther longitudinal studies, the consensus group agreed
on the opportunity to follow the recommendation of
European guidelines [5] and perform brain MRI only in
patients with clear neurological alterations.

Statement # 18

Brain MRI should be implemented in routine PKU care in case of clear
neurological impairments

PKU quality of life

PKU strongly affects quality of life (QoL) of patients
all along their life, also considerably impacting on their
families and caregivers, bearing the responsibility of eve-
ryday care of children with PKU to prevent neurological
damage [26, 27]. The strict diet therapy is a main daily
struggle, with the stress related to preparation of food
and obligation to a strict family organization represent-
ing an important burden for both patients and their
families, importantly worsening their QoL [28]. Never-
theless, compliance to therapy is generally high during
childhood, when diet is exclusively managed by parents,
while diet management becomes particularly challenging
during adolescence and later [6, 29]. Limits on socializa-
tion, perception of social isolation and the daily stigma
imposed by diet are factors strongly affecting QoL of
PKU patients, particularly because of problems related
to self-esteem and the whole emotional sphere [30]. The
requirement of lifelong follow-up may also represent fur-
ther strains on patient’s QoL. A poor QoL generally leads
to decreased confidence in treatments and, as a conse-
quence, to poor compliance, with loss of follow-up and
poor metabolic control, particularly in adolescents and
adults [31]. Poor compliance thus increases the risk of
cognitive and behavioral impairment, further intensifying
the burden of illness (BOI) and, in turn, adding an addi-
tional load to patient’s QoL in a negative feed-back [32].
Based on these issues, experts agreed that QoL should
be considered an all-encompassing aspect that needs to
be investigated with a specific disease-related PKU-QOL
instrument in PKU patients of all ages [10]. To this aim,
the four PKU-QOL questionnaires, developed for differ-
ent ages (Child PKU-QOL, Adolescent PKU-QOL, Adult
PKU-QOL), and for parents of children with PKU (Par-
ent PKU-QOL) represent valid and reliable instruments
for assessing the multifaceted impact of PKU on patients
of different age groups and their parents [26, 33].
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Statement # 19

QOL in PKU patients is an all-encompassing aspect, including the
impact of clinical management and therapy adherence/compliance
on the social and neurocognitive profile, following a virtuous circle
modality, which needs to be investigated systematically with a PKU
validated questionnaire—PKU-QOL specific for child, adolescent, adult
or parents—addressing factors improving patient comfort, confidence
in treatments, sociality and overall health

Statement # 20

PKU-QOL is dedicated to patients, families/caregivers, and tailored
according to different needs for different age ranges—children, adoles-
cents or adults

Statement # 21

PKU-QOL is highly suggested in chronic disease as part of clinical
follow-up, and is useful to improve the overall management

Transition and comorbidities

Transition from childhood to adulthood is a difficult
period for all adolescents, suffering emotional and social
changes, in particular for young adults dealing with a
metabolic disease like PKU and becoming more and
more responsible of managing their condition. The main
issue related to lack of follow-up during transition is
patient perception of PKU as a pediatric disease and not
as a lifelong condition [7]. Besides, in many countries,
including Italy, adults with PKU continue to be cared in
pediatric departments, a main cause of psychological and
emotional discomfort for patients, leading to lack of con-
fidence in the healthcare system, inconstant care and also
loss of follow-up [7, 10, 18, 32]. Given these issues, any
intervention to increase patient awareness about disease
and the necessity of lifelong treatment, would be par-
ticularly beneficial for adolescents. To this aim all Italian
centres agreed that PKU transition programs should be
implemented toward an integrated, adult dedicated mul-
tidisciplinary team, to meet adult psychological require-
ments and clinical necessities, related to the overall BOI
in adult patients with PKU that can lead to numerous
comorbidities [34] and need to be specifically managed
[10]. Basically, the discussion was leaded by experts from
Italian centres that are approaching an implementation
of the transition process, although with differences in
protocol details. In particular, the necessity of working
together on this topic was highlighted, in order to align to
a common approach.

Statement # 22

Transition from pediatric to adult care is a critical phase, due to
changes in physiopathology, social life and overall care need

Statement # 23

Particular awareness and a structured care program are recommended
during transition in order to match specific patient needs and expecta-

tions
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Statement # 24

Adult specific care is also required in order to manage putative comor-
bidities emerging in adult patients—e.g. bone disease, diabetes risk,
cardiovascular involvement

Adherence and compliance

PKU is mostly managed with the strict Phe-restricted
diet therapy, considerably challenging and often diffi-
cult for patients to follow, particularly in adolescents and
adults [6, 29]. Compliance is critically related to patient
knowledge on his/her condition, and to factors influenc-
ing motivation and attitude [7, 32]. In this framework,
it is crucial to implement a patient tailored approach
to improve long-term adherence to diet treatment
and prevent the nutritional, metabolic and cognitive
abnormalities associated to non-compliance [6, 32, 35].
Accordingly, doctor-patient communication and rela-
tionship between patient and healthcare system should
be seriously considered as a main factor facilitating
adherence and engagement in the management of PKU,
particularly during transition and in adults [5, 7, 10].

Statement # 25

Adherence is a major concern in patients transitioning from childhood
to adolescence to adulthood

Statement # 26

A patient tailored approach is recommended to achieve long-term
compliance

Pharmacotherapy
Pharmacotherapy tailoring
Pharmacotherapy provides an adjunct opportunity for
patients with PKU to manage disease and maintain meta-
bolic control. Both treatment with sapropterin dihydro-
chloride and pegvaliase allow to control Phe levels while
relaxing or normalizing diet, with significative improve-
ments in disease management and QoL [36].
Genotype—phenotype associations in PKU genetic
databases provide a useful tool to predict the severity of
phenotype [20] and responsiveness to sapropterin [3].
This is not the case for pegvaliase, since, as an enzyme
substitution therapy, it is effective independently of the
genetic profile [14]. Beside genotype—phenotype cor-
relations, the main responsibility for clinicians is to
make sure that pharmacotherapy is the most suitable
treatment for a particular patient, both in term of effec-
tiveness, feasibility and overall QoL. Moreover, it is
important to considerate compliance and adherence to
diet in those patients struggling with diet restrictions,
resulting in poor metabolic control. Patients and their
families/caregivers need to be aware about efficacy and
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potential benefits and risks, in order to best manage their
expectations about treatment. Similarly, they have to be
informed about how pharmacotherapy is administered
and how therapy will influence their everyday life, in
order to carefully consider their willingness of initiating
and follow the treatment [37]. Definitely, particular atten-
tion is required when dealing with women in childbear-
ing age and during pregnancy, carefully weighing possible
benefits of pharmacotherapy in case of poor adherence to
diet therapy [5].

Essentially, according to the group’s consensus, the
choice of initiating pharmacotherapy requires a thorough
evaluation of genotype and clinical/biochemical charac-
teristics of the patient, the overall BOI, a comprehensive
evaluation of patient’s attitude to change life habits and
patient’s willingness of managing pharmacotherapy and
testing schedule.

Statement # 27

PKU pharmacotherapy should be initiated considering genetic profile,
dietary compliance, gender, fertility, age of patients and family environ-
ment and support

Statement # 28

PKU pharmacotherapy should be considered in patients not able to be
adherent, due the burdensome diet and overall burden of illness (BOI)
that lead to persistent uncontrolled level of blood Phe

Statement # 29

PKU pharmacotherapy tailoring should consider patient clinical frame-
work: BOI, patient willingness and life related feasibility

Statement # 30

Pharmacotherapy should be offered to patients considering the overall
long-term compliance and adherence to prescribed treatment

Sapropterin dihydrochloride/BH4

Sapropterin was the first pharmacological treatment for
PKU, approved by the Federal Drug Administration in
2007 and then by EMA in 2008 [11], providing an alter-
native to the strict low-Phe diet for patients with BH4
responding PKU. More than ten years of clinical practice
provided reliable evidences for sapropterin efficacy and
safety, so that guidances for patients testing and treat-
ment were also included in last European guidelines [4,
5], Accordingly, sapropterin pharmacotherapy was dis-
cussed in consensus in order to align Italian practices to
best recommendations and published guidelines.

Patient selection
Sapropterin is indicated in the treatment of HPA in
patients of all ages who were shown to be responsive
after a BH4 loading test [8]. Approximately 25% to 50% of
patients with PKU respond to sapropterin [13].

The discussion focused on the necessity of consider-
ing overall patient’s characteristics beyond mere clinical
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parameters and genotype. An important issue to consider
is patient’s (and family’s in case of children) real expecta-
tions and wills about therapy. For instance, they should
be aware that responsive patients may still necessitate
to follow a Phe-restricted diet together with sapropterin
dihydrochloride, although diet will be less restrictive
than without treatment [12, 37]. Also, in case of patients
already on diet therapy, clinicians should accurately con-
sider with them and their families the opportunity of
modifying their consolidated dietary habits and lifestyle,
to confirm their real willingness of initiating a different
treatment [10].

Moreover, the use of sapropterin and criteria for testing
largely differ across European countries and also within
the same country [12]. In Italy as well, BH4 test is not
routinely implemented for all patients in all PKU refer-
ence centers, with some center only testing patients with
mild PKU and not all centers offering BH4 treatment to
adult patients [10]. Thus, according to the group’s con-
sensus, sapropterin treatment for Italian patients with
PKU needs to be implemented, and criteria for treat-
ment should be assimilated to those recommended in the
European guidelines. Accordingly, BH4 treatment should
be offered to all patients proven to be responders, for a
most effective management of PKU compared to stand-
ard diet-therapy [5].

Concerning the use of sapropterin during pregnancy,
cautions are recommended as for any pharmacological
treatment [38]. Specific details of the discussion on this
issue are provided as supplementary material.

Statement # 31

BH, treatment should be offered to all responding patients, due to a
most effective disease management compared to standard dietary
treatment

Statement # 32
BH4 treatment, allowing reduction in diet restrictions, should be

offered to all responding patients, leading to an increase in long-term
compliance and adherence to prescribed treatment

Statement # 33

Regarding the use of BH4 during pregnancy, specific awareness must
be taken over the pregnancy trimesters about required blood Phe
ranges

Statement # 34

BH4 treatment should be evaluated possibly before or at most during
pregnancy, considering risks and benefits of initiating, interrupting or
continuing treatment

BH4 genotype

According to current European guidelines, genotype
is highly predictive of metabolic phenotype and BH4
responsiveness, thus all patients should be considered for
BH4 responsiveness either by genotyping or with a BH4
response test [5]. Patients responding to BH4 generally
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present PAH allelic variants associated with mild-mod-
erate phenotypes and only 1-2% of all HPAs are caused
by pathogenic variants affecting the genes involved in
BH4 metabolism [3]. It has been demonstrated that BH4
responsiveness is best predicted by APV values in 71%
of patients analyzed in the BIOPKU database, provid-
ing a solid basis for suggesting genotype in all patients
with a positive HPA diagnosis [12, 21]. BH4 responsive-
ness is associated to specific allelic variants, affecting the
oligomerization of PAH multidomain arrangement that
allows the complex regulation of the enzyme. Exogenous
BH4 would partially or totally restore enzymatic activity,
depending on allelic variants and degree of conforma-
tional impairment [39]. In patients carrying these muta-
tions, BH4 responsiveness occurs almost in 80% of cases
[40, 41]. Accordingly, in presence of a double known
BH4 responding mutation, sapropterin treatment can be
initiated without performing a BH4 response test [12].
After initial uncertainty of some experts about this issue,
mainly due to discrepancies in clinical practice (agree-
ment mostly equated disagreement after first voting),
discussion during second consensus was particularly
productive, with a thorough analysis of current litera-
ture and guidelines that finally led to a slight rephrasing
of the statement (from “..test can be avoided..” to “
test may be avoided..”). The use of “may” was deemed
more appropriate, since it leaves more space for individ-
ual decision, and the statement achieved full consensus.
Importantly, BH4 responsive mutations were considered
as predictive as PAH null mutations that correspond to
non-responsiveness [41-43].

Statement # 35

Genotype is highly suggested, as it can predict BH4 responsiveness
with 71% accuracy

Statement # 36

Sapropterin should be used to treat PKU mild-moderate phenotypes,
while classic phenotypes should be deeply investigated for allelic
variants

Statement # 37

Patients with a double PAH null-mutations are not expected to respond
to BH4; BH4 responsiveness test is not to be performed in these
patients

Statement # 38

Patients with PKU sustained by a double mutation PAH, 100% respon-
sive in BIOPKU, are BH4 responders; BH4 responsiveness test may be
avoided in these patients and treatment started

Sapropterin efficacy

Approximately 25-50% of patients with PKU respond
to sapropterin [13]. Most notably, sapropterin treat-
ment allows to ease or normalize diet in some cases, by
increasing Phe tolerance. This significantly helps patients



Burlina et al. Orphanet J Rare Dis (2021) 16:476

and their caregivers in maintaining adherence to treat-
ment, improving the everyday management of disease
and QoL [2, 5, 10], as a main consequence of increased
Phe control and improved neurocognitive outcomes [9,
44].

Sapropterin efficacy is assessed in a BH4 response
trial by measuring blood Phe reduction in response to
the administration of the drug. Efficacy is unanimously
defined as a reduction of blood Phe concentration of at
least 30% from baseline in a BH4 responsiveness test [5,
12, 45], as a lower threshold decrease (>20%) was shown
not to be predictive of true BH4 responsiveness [46]. In
responding patients, sapropterin efficacy is also deter-
mined by an increase in Phe tolerance by a 100% rate [5,
12], allowing to introduce more natural protein in diet,
while maintaining blood Phe levels within target ranges
[47]. Discussion during consensus underlined the impor-
tance of considering both the decrease in blood Phe
levels and the increase in Phe tolerance to identify one
patient as a BH4 responder.

Importantly, sapropterin efficacy should always be
evaluated on an individual case basis, considering over-
all benefits of treatment for the patient, beyond clinical
improvements in Phe tolerance.

Statement # 39

Sapropterin allows 30% in blood Phe reduction and 100% increase in
Phe tolerance

Statement # 40

Therapeutic efficacy should be evaluated considering improvement in
metabolic balance, neurocognitive profile and overall QoL

Statement # 41

Therapeutic efficacy should be evaluated considering less dietary
restrictions and improvement in patient disease management, leading
to better adherence and compliance

Pharmacokinetic

In Italy sapropterin is available as soluble tablets for oral
administration [8]. Data show an improved bioavailability
of sapropterin when administered with food, with a max-
imum blood concentration (maximum bioavailability)
4.5 h after drug administration with food [48]. Accord-
ingly, DBS measures during short BH4 loading trials
should be planned according to sapropterin pharmacoki-
netic, at least 4 h after drug administration.

Statement # 42

During BH4 loading test for differential diagnosis between PAH and
BH4 pathway deficiency, DBS testing should be started between 4 and
12 h after drug administration, according to sapropterin pharmacoki-
netic
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BH4 test

BH4 loading test

Historically, the BH4 loading test has been performed
immediately after neonatal screening in order to distin-
guish patients with HPA due to PAH deficiency from
patients with BH4 defects [45], although it is also used
to identify BH4-responsive PKU, since BH4 treatment
should be initiated as soon as possible after the HPA
diagnosis [2]. There is no universally defined schedule for
BH4 loading test and protocols widely vary among coun-
tries and even within the same country, from a 24-48 h
test with administration of BH4 (10-20 mg/kg) every
24 h in Europe, to several weeks of administration with
daily or weekly monitoring of blood Phe levels in the USA
[38, 49]. Discussion during consensus compared oppo-
site opinions, particularly on loading test purpose and
timing, leading to borderline results for consensus dur-
ing first voting round. The statements were rediscussed,
referring to current guidelines and to assertions made
in the Italian survey recently published, with a highly
profitable debate that led to a wide acceptance. In Italy,
BH4 test protocols slightly vary among different cent-
ers, although a 48 h schedule for BH4 loading is widely
adopted for neonatal screening with 10 or 20 mg/kg of
sapropterin [10]. According to the group’s consensus, a
conventional 24 h protocol for loading test with 20 mg/
kg of sapropterin should be used for differential diagnosis
in neonates. Performing longer trials would delay initia-
tion of treatment, possibly causing neurological damage
in this delicate phase of neural development. As for blood
Phe testing schedule, after basal DBS, 4, 8, 12 and 24 h
samples were considered sufficient, according to conven-
tional protocol of BH4 loading [50] and also considering
that 16 h samples are difficult to collect in an out-patient
setting.

Loading test patient selection
Statement # 43

BH4 loading test should be performed as soon as possible after birth,
following a positive HPA at newborn screening test

Statement # 44

BH4 loading test is used to primarily discriminate HPA sustained by BH4
deficiency from HPA caused by PAH loss of function

Loading test execution

Statement # 45

BH4 loading test should be performed in neonates or infants by a

20 mg/kg load monitored in 24 h, with blood Phe concentration meas-

ured at 0 h (pre), 4 h, 8 h, 12 h, 24 h. Breastfeeding or infant formula are
maintained during the test
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BH4 responsiveness test

Taking for granted all factors to ponder before con-
sidering BH4 pharmacotherapy, several protocols for
BH4 test are adopted around the world and differences
among Italian centers also emerged in the recent survey
[10]. Discussion during consensus revealed the neces-
sity to converge toward a widely shared protocol for BH4
testing, in order to optimize and standardize results,
while offering the broadest opportunity for treatment
to responding PKU patients. In neonatal patients the
uppermost priority is initiating treatment with diet and/
or sapropterin before day 10 [10, 12], thus a short BH4
test is most suitable. Conversely, non-neonatal patients
already on diet therapy, who may not respond to BH4 in
a shorter response test, a BH4 response test over 1 week
or more, according to metabolic response, may be the
preferred choice [12]. On this basis, any attempt to best
fit BH4 test schedule with patient clinical characteris-
tics and patient’s/parent’s feasibility and wills should be
implemented, in order to optimize compliance, test reli-
ability and benefits for the patient. After evaluation of
clinical practice in PKU centers in Italy and comparison
with current guidelines for BH4 test [12], experts widely
agreed upon the opportunity of performing BH4 respon-
siveness test considering a short or a long protocol, for
all patients, with specific cautions for pregnant women.
Discussion also highlighted the importance of detect-
ing Phe values before sapropterin administration [50] to
evaluate the basal daily variation of blood Phe and com-
pare it with BH4 induced variations during test. In case
of no response in the 48 h or 1 week BH4 test, patients
should be re-tested in a longer trial, up to 4 weeks, in
order to detect late responders [10, 49, 51]. This particu-
larly applies to patients with APV >5, since they have a
high probability of response [12]. Duration of re-testing
should not be mandatory but clinicians can decide on the
basis of feasibility and response observed, by monitoring
with DBS performed daily or twice a week. Following the
proposal of some SC members, a dose range of 5-20 mg/
kg/day was initially recommended in the guidance state-
ment #52, based on the observation that some patients
respond to a dosage as low as 5 mg/kg/day. Actually, this
position was not widely accepted among participants
and it was necessary to re-discuss statement #52 and
restrict the recommended range for dosage adjustment
between 10 and 20 mg/kg/day, according to Phe toler-
ance observed, as considered more indicated to observe a
response to sapropterin, in alignment with most accepted
evidences and recommendations [5, 49, 52], and prescrib-
ing information [8]. A further point of critical discussion
was the timing of BH4 test for pregnant women. After
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initial hesitance of some experts about statement #53
and further discussion in second consensus conference, a
wide agreement was achieved on the necessity of assess-
ing BH4 responsiveness in those women who are unable
to maintain Phe levels in target ranges with diet only.
Responsiveness, if not tested before, should be assessed
as soon as possible in a short test, in order to limit dan-
gerous effects of high Phe levels for the fetus. According
to the group’s consensus, a 48 h trial is the most suitable
during pregnancy, both considering discussion on clini-
cal practice and current guidelines [10, 12].

Responsiveness test patient selection
Statement # 46

BH4 responsiveness test is aimed to evaluate the efficacy of exogenous
BH4 co-factor to increase PAH residual enzymatic activity

Statement # 47

BH4 responsiveness test schedule should be decided according to
patient clinical features and patient/family/caregiver willingness and
feasibility

Statement # 48

BH4 responsiveness test should be considered in all patients not dis-
playing a double null PAH mutation

Statement # 49

A previous negative BH4 loading or responsiveness test should not
exclude re-testing, both in infants/children and adults once metabo-
lism and diet are stabilized, in case of positive allelic phenotype values

Responsiveness test execution
Statement # 50

BH4 responsiveness test for neonates, infants, children, adolescents and
non-pregnant adults can be performed in a short or in a long protocol:

The 48 h protocol with 20 mg/kg/day sapropterin dihydrochloride, with
2 sapropterin administrations at 0 and 24 h. Response is assessed by
DBS Phe measurement at -24, -16, -12, the day before as baseline evalu-
ation, then 0 h (pre), 4 h, 8 h, 12 h, 24 h after first sapropterin, and at 4 h,
8h, 12 h, 24 h, after second administration;

The 1 week protocol with 10 or 20 mg/kg/day sapropterin dihydrochlo-
ride administration and DBS Phe concentration assessed daily, which
can be prolonged up to 4 weeks, with Phe measurement from daily to
bi-weekly

Statement # 51

No response in a 48 h test orin 1 week test does not exclude a late
response, evaluated by a 4 week test, particularly in case of positive
allelic phenotype values

Statement # 52

During BH4 response test, dosage can be titrated up or down between
10 and 20 mg/kg/day, to observe response

Statement # 53

A 48 h BH4 response test should be considered in pregnant women
unable to maintain recommended blood Phe levels with a Phe-
restricted diet

If patient is not responsive in the 48 h test, pharmacological treatment
should be discontinued and patient managed with dietary treatment
only

If patient responds to the 48 h test, sapropterin treatment is maintained

adjusting the existing diet treatment
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Dietary and drug maintenance and adjustment

Patients with PKU normally presents day by day oscilla-
tions in Phe tolerance, thus it is important that blood Phe
values are stable before introducing adjustments in die-
tary Phe intake. For this reason, increase in dietary Phe
should only be introduced following a systematic sched-
ule, adding a fixed amount of Phe (i.e. 100 mg/day) per
day and waiting at least 7 days to observe stable Phe tol-
erance before next adjustment [37]. In the SPARK clinical
study by Muntau et al. [52], an algorithm for Phe intake
adjustment according to mean Phe concentrations was
proposed, advising adjustments every 2 weeks and intro-
ducing 5-15 mg of dietary Phe increase, according to
patient’s phenotype and blood Phe concentration range
observed. Also, it is important to consider that Phe tol-
erance is an individual parameter, strictly depending on
PKU phenotype and growth. Current European guide-
lines recommend to increase Phe intake systematically
by 50 mg/day, if blood phenylalanine levels are consist-
ently maintained within the lower half of target blood
Phe levels for at least 3 months (i.e. 120-240 umol/L
up to 12 years of age and 120-360 umol/L if aged >12)
[53]. A striking heterogeneity in clinical practice for diet
adjustment in patients on sapropterin emerged during
discussion among Italian experts. Diversity of protocols
adopted in different centers was a main determinant of
disagreement in the first phase of consensus, since state-
ments were considered exceedingly strict and mandatory.
On the basis of this diversity, the SC dietician specialist
conducted an internal discussion among all dieticians
participating in the process, and reformulated the state-
ments proposing guidances aligned to best evidences and
recommendations, while allowing clinicians and dieti-
cians to fine-tune protocols for diet adjustment accord-
ing to their consolidated clinical practice and to patient’s
age and phenotype. Thus, titration schedules were finally
formulated for 0-1 children or all older patients, and
protocols were changed toward a wider flexibility to suit
different clinical practices. As a result of re-discussion
of protocols, all statements achieved full consensus after
second voting round. Experts also agreed that diet titra-
tion should be performed without changing the compo-
sition and quality of (medical or natural) food, in order
to minimize the psychological impact of diet change for
patients, particularly in case new high-protein food is
introduced and then a switch back to previous diet regi-
men is necessary [37]. Nevertheless, a gradual introduc-
tion of more natural protein in diet is desirable, since
breastfeeding for infants with PKU is also encouraged in
current European guidelines [5]. In older patients, intro-
ducing natural proteins in diet is associated with better
acceptance, nutritional benefits, they are more efficiently
utilized and, in turn, it translates in improvements in

Page 11 0f 18

everyday management of diet, with psychological and
social benefits. As for any diet adjustment, the amount of
Phe introduced with natural food, protein substitutes or
special food should be calculated according to standard
tables and Phe tolerance tightly assessed by regular DBS
measurement, waiting at least seven days before next diet
change, to assess stable Phe tolerance [53].

Statement # 54

During BH4 responsiveness test, diet should be initially maintained,
keeping in mind basal Phe value, then natural protein intake should be
titrated according to increase in Phe tolerance and overall efficacy

Statement # 55

Increase in natural protein intake should be performed among the
same type and quality of foods already included in the diet, whenever
possible

Statement # 56

Natural proteins requirement should be maximized and stabilized
while protein substitutes gradually adapted accordingly
Statement # 57

In BH4 responsive patients, titration of dietary Phe intake should be
done gradually, to assess maximum Phe tolerance

In children up to 1 year of age on BH4 therapy, if blood Phe levels
are consistently maintained under the lower half of target Phe range
(i.e.< 240 pmol/L), an increase of 5-10 mg/kg/day could be appropriate|

For older children and adults, increasing Phe by 50-100 mg per day
or up to a maximum of 20% of the current Phe intake should be
considered

Statement # 58

For any dietary natural protein increase, it is highly suggested to wait
minimum 7 days after last adjustment and enough related DBS results,
before any further change

Pegvaliase
Polyethylene  glycol (PEG)-Phenylalanine-Ammonia
Lyase (PAL) or Pegvaliase is the first enzyme substitu-
tion therapy indicated to reduce blood Phe concen-
trations in adult patients (>16 years) with blood Phe
levels >600 um/L, who were unable to maintain recom-
mended blood Phe levels with existing treatment [14].
Since the drug is still not available in Italy, a discus-
sion on the best approach to pegvaliase treatment was
considered appropriate in this work, analyzing prescrib-
ing information, best evidences and recommendation

published.

Patient selection

Unless previously available pharmacological treatment for
PKU, pegvaliase reduces blood phenylalanine concentra-
tions by directly processing phenylalanine to trans-cinnamic
acid [54], thus providing for enzymatic Phe processing in
all PKU phenotypes, independently of PAH residual activ-
ity or BH4 chaperone. For this reason, pegvaliase is the only
pharmacological treatment available for patients with severe
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classic PKU, determined by double PAH null-mutation
[15]. According to these considerations, pegvaliase should
be considered in all adult patients with PKU who have the
ability to give informed consent to treatment and who the
clinician considers able to adhere to treatment [55]. Impor-
tantly, discussion among experts also focused on factors to
consider when deciding on pegvaliase treatment opportu-
nity for a specific patient, beyond prescribing information.
The main issue pointed out was the necessity of a compre-
hensive evaluation of clinical characteristics and an individ-
ual characterization of disease management of the patient
before initiating treatment. Since pegvaliase is indicated for
those patients who are not able to maintain Phe control with
existing treatment [14], considering the ability of patient to
manage with PKU and his/her problems in being adherent
to previous treatment was considered of outstanding impor-
tance. Accordingly, it should be considered that pegvaliase
would represent a therapeutical improvement for all those
patients who are not able to attain to the Phe-restricted
diet (alone or in combination to sapropterin), and clinicians
should evaluate and discuss possible clinical and life-related
benefits of pegvaliase treatment for the patient. In these
patients the history of disease management and the associ-
ated BOI should be thoroughly evaluated, since pegvaliase
could represent the opportunity to achieve metabolic con-
trol while improving significantly disease management and
BOL Clinicians should also consider particular problems
with every day treatment management that could emerge
in patients with neurocognitive problems [56]. In those
patients, it is advisable to consider both possible problems
in attaining to pegvaliase treatment and potential benefits of
pegvaliase therapy for neuropsychological health observed
in clinical studies [57]. Besides, since pegvaliase treatment
has been associated with the risk of hypersensivity reac-
tions, although not mandatory in prescribing information
[14], the presence of a trained observer who can recognize
and manage hypersensivity is highly suggested, as stated in
current recommendations for pegvaliase use, based on evi-
dence and consensus evaluation [55].

Statement # 59

Pegvaliase is the only pharmacological approach available for classic
PKU phenotypes sustained by two PAH-null mutations

Statement # 60

Pegvaliase treatment should be considered taking into account the
difficulties in following diet regimen and be adherent to previous
therapeutic approaches

Statement # 61

The overall BOI related to treatment history may represent an indication
for the choice of initiating pegvaliase treatment

Statement # 62

Pegvaliase patient targeting should also evaluate neuropsychological
health, life related feasibility and the presence of a trained care-giver
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Pegvaliase therapeutical goals

Clinical efficacy and safety of pegvaliase treatment were
thoroughly investigated in phase 1 to 3 clinical studies
[16, 57-61]. Results showed that pegvaliase long-term
administration was associated with sustained reduc-
tions in blood Phe concentration within recommended
target range, while increasing natural protein intake to
levels recommended for the general population, with
an acceptable safety profile [15, 55, 57, 59, 61]. Clinical
efficacy was also related with significant improvements
in neurocognitive performance, with better mood and
inattention scores, beside improved cognitive flexibility
and working memory performance in patients on peg-
valiase, related to lower blood Phe levels [15, 55, 57, 59].
Long term efficacy of pegvaliase was also demonstrated
in extension studies, where patients treated with pegvali-
ase for 5 years obtained a sustained and stable reduction
of blood Phe levels within recommended target range
[60]. According to clinical studies, therapeutic response
to pegvaliase should be defined when achieving a 20%
reduction in blood Phe concentration from baseline, or
a blood Phe concentration <600 pmol/L after 24 weeks
[15, 16]. Clinical evidences also showed that time for
response to pegvaliase treatment may vary in different
patients, probably relating to patient’s immune condi-
tion [58]. Although most patients achieve therapeutical
efficacy within 18 months of treatment, it could also take
up to 30 months to achieve significant blood Phe reduc-
tion [14, 63]. Accordingly, discontinuation of therapy
in patients not responding after 18 months could be
considered. Besides, after discussion about prescrib-
ing information and recommendations, experts agreed
that continuation of pegvaliase should be considered in
those patients showing an overall benefit of treatment,
beyond clinical values [14]. In fact, pegvaliase is effective
in improving disease burden, due to beneficial effects on
mood and inattention, and the enormous benefits of a
natural diet, considerably ameliorating disease manage-
ment and patient’s psycho-social condition, all factors to
be seriously considered while evaluating pegvaliase effi-
cacy [55].

Thus, after an extensive discussion on clinical studies
and evidence based consensus guidances [15, 55], the
consensus group agreed that pegvaliase treatment should
be considered for life-long maintenance of physiological
Phe values, also considering overall benefits of treatment
for the patient and liberalization of diet.

Statement # 63

Pegvaliase can lower Phe levels beyond the target range of <600 pm/L,
down to physiological values

Statement # 64
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If a patient does not reach a clinically relevant blood phenylalanine
reduction after 18 months of treatment, pegvaliase discontinuation
should be considered

Statement # 65

The physician may decide, with the patient, to continue pegvaliase
treatment in those patients who show beneficial effects (e.g. ability to
increase protein intake from intact food or improvement of neurocog-
nitive symptoms)

Statement # 66

Pegvaliase should be considered for life-long maintenance of blood
Phe close to physiological while normalizing natural protein intake and
liberalizing diet

Dietary and drug maintenance and adjustment

Pegvaliase is introduced following an induction, titra-
tion and maintenance schedule for dosage, under con-
tinuous supervision of a healthcare provider [14, 55].
Complying the SmCP [14], the induction-titration-main-
tenance schedule should be tailored according to patient’s
response, reducing the dosage and increasing time sched-
ule in case of tolerability concerns and adjusting dosage
according to efficacy response.

At the same time, since pegvaliase substitutes PAH
activity, allowing to reestablish normal Phe metabolism,
pharmacological efficacy translates in normalization of
Phe tolerance and diet can be liberalized consistently.
According to prescribing information and current guide-
lines, patients should be followed by a clinician and a die-
tician for diet adjustment while on pegvaliase treatment.
Consistently, diet should be initially maintained dur-
ing induction, in order to observe improvement in Phe
metabolism due to pegvaliase treatment [14, 55]. Main
clinical studies indicate to advise patients to remain on
existing diet during pegvaliase introduction and main-
tain dietary protein intake (from natural or medical food)
within a 10% variation from baseline diet [57]. Blood
Phe measurement during dose and diet titration should
be performed every 1-4 weeks, and risk of hypopheny-
lalaninemia should be carefully monitored, decreasing
pegvaliase dosage or increasing dietary protein intake if
necessary. In patients on a Phe-restricted diet, protein
intake from natural food should gradually substitute
protein from medical food until reaching the daily rec-
ommended intake for general population, by increasing
intact protein by 10-20 g per step, according to meta-
bolic response. In patients on unrestricted diet, pegvali-
ase dose titration is predominant and dosage should be
reduced by 10-20% weekly, in case of persistent hypo-
phenylalaninemia (blood Phe <30 umol/L in two conse-
quent DBS) [55].

Statement # 67

Patients should be counseled by dietitians to maintain consistent pro-

tein intake from natural food and medical food, within 10% of baseline,
during induction and titration, to clearly evaluate pegvaliase impact on
Phe metabolism

Statement # 68

Diet should also be adjusted during titration and maintenance, up to
normalization

Statement # 69

Pegvaliase treatment should comply to Summary Characteristics of
Product (SmCP) induction, titration and maintenance regimen and
should be tailored, reducing dosage and increasing time schedule,
according to patient’s tolerability, adverse reactions and efficacy
response

Adverse events prevention and management

Pegvaliase determine immunogenic response in all
patients, with the production of both anti-PEG and
anti-PAL antibodies, both in the early (first 6 months)
and late period of treatment (after 6 months) [58]. Anti-
drug antibodies in circulation form drug-Ab complexes,
whose presence is more significant during early pegvali-
ase treatment and then gradually decreases over time.
Accordingly, initiation of treatment and titration are
most critical for patient’s immune response, and particu-
lar attention should be dedicated to possible hypersensiv-
ity events in these phases [62]. Accordingly, pegvaliase is
only available through a Risk Evaluation and Mitigation
Strategies (REMS) program, in order to minimize and
manage possible events of hypersensivity. The REMS
also include strategies to minimize the risk of severe
AEs. Clinical trials have shown that premedication is
successful in preventing adverse hypersensivity reac-
tions [57, 61, 62]. Premedication with an H1 antagonist,
H2 antagonist, and antipyretic is required starting from
the day before first administration and prior to each peg-
valiase dose during induction and titration, while during
maintenance, premedication should be considered on the
basis of patient tolerability [14, 55, 62]. In case of acute
severe hypersensivity reaction, pegvaliase interruption
should be considered. Experts agreed that reintroduction
of treatment could be evaluated by the clinician in case
of less severe hypersensivity reaction, according to risk—
benefit evaluation and considering referral to an allergy/
immunology specialist. Also, rechallenge should be per-
formed in a controlled setting to promptly intervene in
case of acute reaction, and resuming premedication and
trained observer should be evaluated by the clinician for
the first weeks [14, 55]. Dose for rechallenge should be
lower than before drop out and so should frequency of
administration [55, 59].
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Statement # 70

Premedication is highly suggested to prevent hypersensitivity reactions
among induction and titration of pegvaliase, with the administration

of antihistamines (H1/H2 receptor antagonists, e.g. ranitidine, cetirizine,
fexofenadine), with or without antipyretics or anti-inflammatory drugs
(e.g. paracetamol, acetaminophen or ibuprofen) on a daily basis from
the day before initiation

Statement # 71

Reduction or discontinuation of premedication may be considered,
based on clinical judgment, once stable dosing is reached

Statement # 72

In case of severe hypersensitivity reactions during pegvaliase treat-
ment, referral and/or supervision by an allergy/immunology specialist
may be considered at the discretion of the prescribing metabolic
specialist

Statement # 73

Rechallenge following acute systemic hypersensitivity reaction should
be at a lower dose/frequency of pegvaliase than the last dose taken,
considering resuming premedication and reinstate the trained car-
egiver, at the discretion of the prescribing metabolic specialist

Discussion

The background of this consensus is in the survey anal-
ysis recently performed to describe the real life of PKU
clinical management in Italy, revealing heterogeneity of
clinical practice among different centers, particularly
concerning PKU pharmacotherapy [10]. Also, as for
all rare diseases, the challenge of small data is a further
obstacle for clinicians on the road to standard clinical
practice. Therefore, with this process we aim to fill the
gap of poor and inconsistent data on clinical practice at a
national level and the lack of clinical guidelines for PKU
care in Italy. Particularly, the consensus aims to provide
standard guidances to optimize management of PKU
patients at a national level and widen knowledge on phar-
macotherapies now available for treating PKU patients.
In this framework, the consensus was a main opportu-
nity for comparing different positions coming from main
PKU centers in Italy, more aligned on updated clinical
guidelines, and smaller reference hospitals, sometimes
attached to old positions and protocols, particularly con-
cerning sapropterin treatment. Some statements didn’t
achieve consensus after first voting round and required
a thorough analysis, re-discussion during second con-
ference, and some of them were also reformulated for
clarifying concepts and/or incorporate different prac-
tices, before second voting. This process represented an
extremely valuable occasion of detailed study and dis-
cussion on most recent guidelines, evidences and obser-
vations emerged from the last Italian survey [10]. As a
result, the consensus had a highly formative role, pro-
viding a widest audience with the opportunity of recon-
sidering dated positions and evaluate best practice and
guidelines in the context of real-life clinical practice.
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All guidance statements were developed, phrased and
fine-tuned exclusively by the SC on the basis of discussion
about expert practice based evidence, large systematic lit-
erature review and evidence based consensus published,
without any influence from the sponsor. Moreover, the
whole consensus process was managed by an independ-
ent communication agency, in order to maintain editorial
independence from the sponsor. Experts were enrolled
on the basis of their particular expertise in PKU manage-
ment. Particularly, given the complexity of PKU, health-
care professionals with diverse medical education were
invited and, considering heterogeneity of clinical practice
in different reference hospitals, experts from different
centers all around the country were enrolled in the pro-
cess. Our conference process methodology provides reli-
ability and strength to the consensus due to the diverse
medical background and geographic localization of the
SC members and expert audience, beside the anonymous
voting method, conferring affordability to the crowd of
experts and ensuring that voting decisions were taken
independently, without biases, in accordance with the
Delphi methodology [63]. Further validating the meth-
odology for consensus, all statements proposed by the
SC reached a wide consensus after first round of voting
or after re-discussion and second voting, also confirm-
ing adequacy of clinical topics discussed. Notably, a main
purpose of the consensus process was the discussion
of caveats related to lack in standard practice in some
healthcare institutions. In fact, experts participating to
consensus came from medical institutions of various
typologies, from district hospitals to University institu-
tions with research facilities and availability of multidis-
ciplinary competences collaborating in PKU care. This
allowed to identify and discuss in consensus conferences
points of strength and weakness in PKU management in
Italy and specifically address meaningful guidances that
need to be implemented in all centers, as considered
minimum essential requirements for optimal PKU care.

In particular, the necessity of aligning to most recent
European guidelines for general management of patients
with PKU definitely emerged from discussion and was
confirmed by statements agreement. The urgency to
converge toward standard requirements of a multidisci-
plinary team encompassing all aspects of disease, includ-
ing transversal follow up of patients from childhood to
adulthood with systematic implementation of a struc-
tured transition, was a mainstay of discussion about PKU
management. Although some experts claimed difficulties
related to the composition of the team because of lack of
adequate healthcare resources and sufficient facilities for
complete multidisciplinary care, the need of overcoming
these limitations was definitely agreed in consensus, also
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involving executive and administrative figures to imple-
ment healthcare staffs, where necessary. Similar caveats
were analyzed during discussion on follow up guidances,
particularly concerning nervous system functioning fol-
low up, underlying the requirement for standardization
of neurocognitive areas to evaluate. Essentially, if clini-
cians decide which neurocognitive test to use, according
to clinical experience or facilities available in the center,
the consensus’ group declared that a comprehensive
neuropsychological evaluation exploring cognitive per-
formance across different domains is essential for an
optimum follow up of patients with PKU. Providing guid-
ance on critical neuropsychological domains to evaluate,
this consensus would also consent centers to collect a
minimum set of meaningful information about standard-
ized areas of investigation.

Discussion about pharmacotherapy for PKU patients
focused on critical aspects to consider when deciding
on pharmacological treatment. Although statements
developed from this consensus are not intended as
clinical guidelines, the consensus’ group aims to pro-
vide ‘best guidances’ for an effective implementation
of pharmacotherapy for PKU at a national level. As
a matter of fact, PKU has been managed exclusively
with diet-treatment for decades and some patients
clearly manifest diffidence when they are proposed to
change disease management. Also, a certain prudence
may also be perceived in some clinicians, due to loy-
alty in consolidated clinical practice. Accordingly,
clinical practice related to sapropterin use in Italy is
no doubt to be implemented and standardized. This
consensus provides for the first time a set of guidances
for sapropterin use in responder patients with PKU in
Italy, focusing on the importance of a patient tailored
approach, also considering implementation of patient’s
genotyping, generally not standardized so far. The
consensus’ group definitely claimed that, considering
mounting evidence on benefits of sapropterin treat-
ment in responding patients, most efforts are needed
to overcome any barrier to full implementation of sap-
ropterin use and align to current guidances, in order
to offer to all eligible patients the best therapeutical
option to improve their health and overall wellbeing.

A last part of consensus evaluation was dedicated
to the introduction of pegvaliase treatment in clinical
practice in Italy. The aim of guidance statements on
pegvaliase treatment for adult patients with PKU is to
provide professionals involved in PKU care with a set
of ‘wise practice’ for approaching this novel therapy at
a national level. Since pegvaliase was not available in
Italy at the time of consensus, none of the members of
the SC or audience had direct clinical practice expe-
rience of pegvaliase use. Thus, this consensus was the
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opportunity for a peer to peer discussion to agree on
the best approach to this novel pharmacotherapy at
a national level. In particular, the discussion focused
on more variable aspects of the therapy related to the
diversity of the disease. Guidances are based on the
analysis of systematic literature review and evidence-
and consensus-based recommendations for pegvali-
ase use [55]. Moreover, SC experts tightly referred
to pegvaliase prescribing information during devel-
opment of guidances, including the management of
adverse events. The SC agreed that an important part
of decision about treatment should be left to profes-
sional judgement, particularly concerning initiation
of treatment and rechallenge in case of discontinua-
tion, mainly considering the whole disease history of
the patient, possible benefits deriving from treatment
and diet liberalization, and the risk/benefit ratio. It
is also important to consider that reference literature
and clinical studies on pegvaliase efficacy and safety
cited in this consensus pertain exclusively to pegvali-
ase experience in the USA; translating this experience
in other countries, including Italy, will be necessary to
understand the real impact of pegvaliase treatment on
management of PKU patients in specific clinical prac-
tice and real life.

Conclusions

This evidence-based consensus aims to fill the gap of
inconsistent clinical practice for patients with PKU in
Italy, providing a minimum set of guidances for disease
management, considered essential requirements for opti-
mal patient’s care. The statements cover wide aspects of
PKU care, primarily related to target Phe levels for treat-
ment, treatment tailoring, treatment goals and follow-up.

Most importantly, this is the first consensus on the use
of sapropterin in patients with BH4 responding PKU in
Italy, providing a basis for implementation and standardi-
zation of this treatment at a national level. The consen-
sus also provides a set of wide practices to approach the
use of pegvaliase in adult patients, in order to introduce
the treatment in clinical practice in Italy on a consistent
basis.

The guidances are intended for clinicians, lab medical/
genetics specialists and paramedical specialists involved
in the care of patients with PKU, to help to harmonize
clinical practice and to standardize and improve care.

Abbreviations

AEs: Adverse events; APV: Allelic phenotype value; BH4: Tetrahydrobiopterin;
BOI: Burden of iliness; DBS: Dried blood spot; E.S.PKU: European Society for
Phenylketonuria and Allied Disorders; EMA: European Medicines Agency;
HPA: Hyperphenylalaninemia; 1Q: Intelligence quotient; MPKU: Maternal PKU;
MRI: Magnetic resonance imaging; PAH: Phenylalanine-hydroxylase; PAL:
Phenylalanine-ammonia lyase; PEG: Polyethylene glycol; Phe: Phenylalanine;



Burlina et al. Orphanet J Rare Dis (2021) 16:476

PKU: Phenylketonuria; QoL: Quality of life; REMS: Risk evaluation and mitigation
strategies; SC: Steering Committee.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513023-021-02086-8.

Additional file 1: A thorough dissertation about literature and discussion
among the SC for some clinical topics: Multidisciplinary team, Follow-up,
Sapropterin dihydrochloride during pregnancy, Sapropterin efficacy,
Pegvaliase induction, titration and maintenance strategy, Pegvaliase AEs
prevention and management.

Acknowledgements

We gratefully acknowledge all the experts from reference center for PKU
management in Italy that participated to the consensus conferences and

the approval of guidance statements. We wish to acknowledge Giuseppe
Banderali, llaria Bettocchi, Andrea Bordugo, Lucia Brodosi, Giulia Bruni,
Alessandro Burlina, Sara Cataldi, Daniela Concolino, Giovanna Cotugno, Ales-
sandra Cipriani, Sabrina De Leo, Alice Dianin, Annamaria Dicintio, Stefania
Ferraro, Antonella Giammanco, Daniela Gueraldi, Christian Loro, Filippo Manti,
Francesca Manzoni, Dorina Mita, Francesca Nardecchia, Giorgia Olivieri, Chiara
Pancaldi, Sara Parolisi, Giulia Paterno, Andrea Pilotto, Francesco Porta, Maria
Giulia Regazzi, Giulia Rodella, Alice Rossi, Valentina Rovelli, Iris Scala, Giusi Maria
Scaturro, Maria Cristina Schiaffino, Simona Sestito, Maria Letizia Urban. Expert
meetings, consensus conferences and the Delphi voting were supported by
CD Pharma Group ltaly, an independent medical communications agency,
who also provided professional writing services with the financial support of
BioMarin Pharmaceutical Inc.

Authors’ contributions

All authors were members of the SC. AB and VL were main responsible for the
project and conducted the discussion in consensus conferences. Each author
gave peculiar contribution to the development and discussion of statements
related to clinical topics analyzed in different working groups. AB, GB, SP, FP,
MS, JZ: working groups B and D. Main topics: biochemical follow-up, transi-
tion, patients'genotyping, compliance issues, pharmacotherapy tailoring and
pegvaliase treatment. VL, MTC, CC, AT: working groups A and C. Main topics:
multidisciplinary management of disease, nervous system functioning includ-
ing imaging, PKU quality of life and sapropterin hydrochloride treatment. All
authors read and approved the manuscript.

Funding
This work was supported by BioMarin Pharmaceuticals Inc.

Availability of data and materials
Data sharing not applicable to this article as no datasets were produced or
analyzed during the study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

G. Biasucci has received advisory board honoraria, speaker fees and travel sup-
port from BioMarin, SOBI, Vitaflo, PIAM Farmaceutici, Recordati Rare Diseases.
A. Burlina has received advisory board honoraria, speaker fees and travel sup-
port from BioMarin, Nutricia, PIAM Farmaceutici, Sanofi Genzyme, Takeda Shire,
Recordati Rare Diseases. M.T. Carbone has received advisory board honoraria
and travel support from BioMarin, PIAM Farmaceutici, APR, Vitaflo. C. Cazzorla
has received advisory board honoraria from BioMarin. V. Leuzzi has received
advisory board honoraria, speaker fee and travel support from Nutricia, Bio-
Marin, PTC, PIAM Farmaceutici. S. Paci has received advisory board honoraria,

Page 16 of 18

speaker fee and travel support from BioMarin, Nutricia, APR, Mamoxi, PIAM,
Recordati Rare Diseases. F. Pochiero has received advisory board honoraria
from BioMarin. M. Spada has received in the last two years advisory board
honoraria, speaker fees and travel support from Sanofi, PIAM Farmaceutici,
Takeda Shire, BioMarin, Nutricia, Sobi, Amicus, APR, Recordati Rare Diseases. A.
Tummolo was invited advisor for BioMarin, Sanofi, Recordati and APR advisory
boards. She received project funding from BioMarin. J. Zuvadelli has received
advisory board honoraria, speaker fees and travel support from BioMarin, APR-
Applied Pharma Research, Mamoxi and PIAM Farmaceutici.

Author details

'Division of Inherited Metabolic Diseases, Reference Center for Expanded
Newborn Screening, DIDAS Servizi Di Diagnostica Integrata, University Hospi-
tal Padova, 35128 Padua, Italy. 2Maternal and Child Health Department, Pedi-
atrics and Neonatology Unit, Guglielmo da Saliceto Hospital, 29121 Piacenza,
Italy. >Pediatric Division, Metabolic and Rare Diseases, Santobono Pausilipon
Hospital, 80122 Naples, Italy. *“Paediatric Department, ASST Santi Paolo E Carlo,
San Paolo Hospital, University of Milan, 20142 Milan, Italy. *Metabolic and Mus-
cular Unit, A. Meyer Children’s Hospital, Florence, Italy. °Department of Pedi-
atrics, Regina Margherita Children’s Hospital, University of Torino, 10126 Turin,
Italy. “Metabolic Diseases Department, Clinical Genetics and Diabetology,
Giovanni XXl Children’s Hospital, 70126 Bari, Italy. SDepartment of Human
Neuroscience, Unit of Child Neurology and Psychiatry, University La Sapienza,
00185 Rome, Italy.

Received: 31 May 2021 Accepted: 13 October 2021
Published online: 16 November 2021

References

1. Hillert A, Anikster Y, Belanger-Quintana A, Burlina A, Burton BK, Carducci
C, etal. The genetic landscape and epidemiology of phenylketonuria. Am
J Hum Genet. 2020;107(2):234-50.

2. Blau N, van Spronsen FJ, Levy HL. Phenylketonuria. Lancet.
2010;376(9750):1417-27.

3. Blau N. Genetics of phenylketonuria: then and now. Hum Mutat.
2016;37(6):508-15.

4. van Spronsen FJ, van Wegberg AM, Ahring K, Bélanger-Quintana A, Blau
N, Bosch AM, et al. Key European guidelines for the diagnosis and man-
agement of patients with phenylketonuria. Lancet Diabetes Endocrinol.
2017;5(9):743-56.

5. van Wegberg AMJ, MacDonald A, Ahring K, Bélanger-Quintana A, Blau N,
Bosch AM, et al. The complete European guidelines on phenylketonuria:
diagnosis and treatment. Orphanet J Rare Dis. 2017;12:162.

6. MacDonald A, Gokmen-Ozel H, van Rijn M, Burgard P. The reality of
dietary compliance in the management of phenylketonuria. J Inherit
Metab Dis. 2010;33:665-70.

7. Borghi L, Moreschi C, Toscano A, Comber P, Vegni E. The PKU and ME
study: a qualitative exploration, through co-creative sessions, of attitudes
and experience of the disease among adults with phenylketonuria in
Italy. Mol Genet Metab Rep. 2020;23:100585.

8. Kuvan® (sapropterin dihydrochloride) SmPC. BioMarin Pharmaceutical.
https://www.ema.europa.eu/en/documents/product-information/kuvan-
epar-product-information_en.pdf

9. Levy HL, Milanowski A, Chakrapani A, Cleary M, Lee P, Trefz FK, et al.
Efficacy of sapropterin dihydrochloride (tetrahydrobiopterin, 6R-BH4)
for reduction of phenylalanine concentration in patients with phe-
nylketonuria: a phase Ill randomised placebo-controlled study. Lancet.
2007,370(9586):504-10.

10. Burlina A, Leuzzi V, Spada M, Carbone MT, Paci S, Tummolo A. The
management of phenylketonuria in adult patients in Italy: a survey of six
specialist metabolic centers. Curr Med Res Opin. 2021;37(3):411-21.

11. European public assessment report (EPAR) for Kuvan®. https://www.ema.
europa.eu/en/medicines/human/EPAR/kuvan

12. Muntau AC, Adams DJ, Bélanger-Quintana A, Bushueva TV, Cerone R,
Chien YH, et al. International best practice for the evaluation of respon-
siveness to sapropterin dihydrochloride in patients with phenylketonuria.
Mol Genet Metab. 2019;127(1):1-11.


https://doi.org/10.1186/s13023-021-02086-8
https://doi.org/10.1186/s13023-021-02086-8
https://www.ema.europa.eu/en/documents/product-information/kuvan-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/kuvan-epar-product-information_en.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/kuvan
https://www.ema.europa.eu/en/medicines/human/EPAR/kuvan

Burlina et al. Orphanet J Rare Dis

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33

34.

(2021) 16:476

Vockley J, Andersson HC, Antshel KM, Braverman NE, Burton BK, Frazier
DM, et al. Phenylalanine hydroxylase deficiency: diagnosis and manage-
ment guideline. Genet Med. 2014;16:188-200.

Palynziq® (pegvaliase-pgpz) SmPC. BioMarin Pharmaceutical. https://
www.ema.europa.eu/en/documents/product-information/palynzig-
epar-product-information_en.pdf

Hydery T, Azzopardi CV. A comprehensive review of pegvaliase, an
enzyme substitution therapy for the treatment of phenylketonuria. Drug
Target Insights. 2019;13:1177392819857089.

Zori R, Ahring K, Burton B, Pastores GM, Rutsch F, Jha A, et al. Long-term
comparative effectiveness of pegvaliase versus standard of care compar-
ators in adults with phenylketonuria. Mol Genet Metab. 2019;128:92-101.
European public assessment report (EPAR) for Palynziq®. https://www.
ema.europa.eu/en/medicines/human/EPAR/palynziq

Gizewska M, MacDonald A, Bélanger-Quintana A, Burlina A, Cleary M,
Coskun T, et al. Diagnostic and management practices for phenylketonu-
ria in 19 countries of the South and Eastern European Region: survey
results. Eur J Pediatr. 2016;175:261-72.

Hagedorn TS, van Berkel P, Hammerschmidt G, Lhotédkovéa M, Saludes RP.
Requirements for a minimum standard of care for phenylketonuria: the
patients’ perspective. Orphanet J Rare Dis. 2013;8:191.

Danecka MK, Woidy M, Zschocke J, Feillet F, Muntau AC, Gersting SW.
Mapping the functional landscape of frequent phenylalanine hydroxylase
(PAH) genotypes promotes personalised medicine in phenylketonuria. J
Med Genet. 2015;52(3):175-85.

Garbade SF, Shen N, Himmelreich N, Haas D, Trefz FK, Hoffmann GF,

et al. Allelic phenotype values: a model for genotype-based phenotype
prediction in phenylketonuria. Genet Med. 2019;21(3):580-90.

Romani C, Manti F, Nardecchia F, Valentini F, Fallarino N, Carducci C, et al.
Adult cognitive outcomes in phenylketonuria: explaining causes of vari-
ability beyond average Phe levels. Orphanet J Rare Dis. 2019;14:273.
Romani C, Palermo L, MacDonald A, Limback E, Hall SK, Geberhiwot T.
The impact of phenylalanine levels on cognitive outcomes in adults
with phenylketonuria: effects across tasks and developmental stages.
Neuropsychology. 2017;31(3):242-54.

Leuzzi V, Mannarelli D, Manti F, Pauletti C, Locuratolo N, Carducci C, et al.
Age-related psychophysiological vulnerability to phenylalanine in phe-
nylketonuria. Front Pediatr. 2014;2:57.

Anderson PJ, Leuzzi V. White matter pathology in phenylketonuria. Mol
Genet Metab. 2010;99(Suppl 1):53-9.

Bosch AM, Burlina A, Cunningham A, Bettiol E, Moreau-Stucker F,
Koledova E, et al. Assessment of the impact of phenylketonuria and its
treatment on quality of life of patients and parents from seven European
countries. Orphanet J Rare Dis. 2015;10:80.

Carpenter K, Wittkowski A, Hare DJ, Medford E, Rust S, Jones SA, Smith
DM. Parenting a child with phenylketonuria (PKU): an interpretative phe-
nomenological analysis (IPA) of the experience of parents. J Genet Couns.
2018;27(5):1074-86.

MacDonald A, Smith TA, de Silva S, Alam V, van Loon JMT. The personal
burden for caregivers of children with phenylketonuria: a cross-sectional
study investigating time burden and costs in the UK. Mol Genet Metab
Rep. 2016;9:1-5.

MacDonald A, van Rijn M, Feillet F, Lund AM, Bernstein L, Bosch AM, et al.
Adherence issues in inherited metabolic disorders treated by low natural
protein. Diets Ann Nutr Metab. 2012;61:289-95.

Ford S, O'Driscoll M, MacDonald A. Living with phenylketonuria: lessons
from the PKU community. Mol Genet Metab Rep. 2018;17:57-63.
Cazzorla C, Cegolon L, Burlina AP, Celato A, Massa P, Giordano L, et al.
Quiality of Life (Qol) assessment in a cohort of patients with Phenylke-
tonuria. BMC Public Health. 2014;14:1243.

Cazzorla C, Bensi G, Biasucci G, Leuzzi V, Manti F, Musumeci A, et al. Living
with phenylketonuria in adulthood: The PKU ATTITUDE study. Mol Genet
Metab Rep. 2018;16:39-45.

Regnault A, Burlina A, Cunningham A, Bettiol E, Moreau-Stucker F,
Benmedjahed K, Bosch AM. Development and psychometric validation
of measures to assess the impact of phenylketonuria and its dietary treat-
ment on patients'and parents’quality of life: the phenylketonuria: quality
of life (PKU-QOL) questionnaires. Orphanet J Rare Dis. 2015;10:59.

Trefz KF, Muntau AC, Kohlscheen KM, Altevers J, Jacob C, Braun S, et al.
Clinical burden of illness in patients with phenylketonuria (PKU) and

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 17 of 18

associated comorbidities: a retrospective study of German health insur-
ance claims data. Orphanet J Rare Dis. 2019;14(1):181.

Green B, Rahman Y, Firman S, Adam S, Jenkinson F, Nicol C, et al.
Improved eating behaviour and nutrient intake in noncompliant patients
with phenylketonuria after reintroducing a protein substitute: observa-
tions from a multicentre study. Nutrients. 2019;11(9):2035.
Lichter-Konecki U, Vockley J. Phenylketonuria: current treatments and
future developments. Drugs. 2019;79(5):495-500.

MacDonald A, Ahring K, Dokoupil K, Gokmen-Ozel H, Lammardo AM,
Motzfeldt K, et al. Adjusting diet with sapropterin in phenylketonuria:
what factors should be considered? Br J Nutr. 2011;106(2):175-82.

Blau N. Sapropterin dihydrochloride for the treatment of hyperphenylala-
ninemias. Expert Opin Drug Metab Toxicol. 2013;9(9):1207-18.

Flydal MI, Alcorlo-Pagés M, Johannessen FG, Martinez-Caballero S, Skjaer-
ven L, Fernandez-Leiro R, Martinez A, Hermoso JA. Structure of full-length
human phenylalanine hydroxylase in complex with tetrahydrobiopterin.
Proc Natl Acad Sci USA. 2019;116(23):11229-34.

Zurflih MR, Zschocke J, Lindner M, Feillet F, Chery C, Burlina A, et al.
Molecular genetics of tetrahydrobiopterin-responsive phenylalanine
hydroxylase deficiency. Hum Mutat. 2008;29(1):167-75.

Wettstein S, Underhaug J, Perez B, Marsden BD, Yue WW, Martinez A,
Blau N. Linking genotypes database with locus-specific database and
genotype-phenotype correlation in phenylketonuria. Eur J Hum Genet.
2015;23(3):302-9.

Staudigl M, Gersting SW, Danecka MK, Messing DD, Woidy M, Pinkas D,
et al. The interplay between genotype, metabolic state and cofac-

tor treatment governs phenylalanine hydroxylase function and drug
response. Hum Mol Genet. 2011;20(13):2628-41.

Anjema K, van Rijn M, Hofstede FC, Bosch AM, Hollak CE, Rubio-Gozalbo
E, et al. Tetrahydrobiopterin responsiveness in phenylketonuria: predic-
tion with the 48-h loading test and genotype. Orphanet J Rare Dis.
2013;10(8):103. https://doi.org/10.1186/1750-1172-8-103.

Longo N, Siriwardena K, Feigenbaum A, Dimmock D, Burton BK, Stockler
S, et al. Long-term developmental progression in infants and young chil-
dren taking sapropterin for phenylketonuria: a two-year analysis of safety
and efficacy. Genet Med. 2015;17(5):365-73.

Blau N, Hennermann JB, Langenbeck U, Lichter-Konecki U. Diagnosis,
classification, and genetics of phenylketonuria and tetrahydrobiopterin
(BH4) deficiencies. Mol Genet Metab. 2011;104:52-9.

van Wegberg AMJ, Evers RAF, van Dam E, de Vries MC, Janssen MCH,
Heiner-Fokkema MR, van Spronsen FJ. Does the 48-hour BH4 loading test
miss responsive PKU patients? Mol Genet Metab. 2020;129(3):186-92.
Burlina A, Blau N. Effect of BH(4) supplementation on phenylalanine toler-
ance. J Inherit Metab Dis. 2009;32(1):40-5.

Musson DG, Kramer WG, Foehr ED, Bieberdorf FA, Hornfeldt CS, Kim SS,
Dorenbaum A. Relative bioavailability of sapropterin from intact and
dissolved sapropterin dihydrochloride tablets and the effects of food:

a randomized, open-label, crossover study in healthy adults. Clin Ther.
2010;32(2):338-46.

Blau N, Bélanger-Quintana A, Demirkol M, Feillet F, Giovannini M, Mac-
Donald A, et al. Optimizing the use of sapropterin (BH(4)) in the manage-
ment of phenylketonuria. Mol Genet Metab. 2009,96(4):158-63.

Leuzzi V, Carducci C, Carducci C, Chiarotti F, Artiola C, Giovanniello T,
Antonozzi |. The spectrum of phenylalanine variations under tetrahy-
drobiopterin load in subjects affected by phenylalanine hydroxylase
deficiency. J Inherit Metab Dis. 2006,29(1):38-46.

Evers RAF, van Wegberg AMJ, Anjema K, Lubout CMA, van Dam E, van
Vliet D, et al. The first European guidelines on phenylketonuria: Useful-
ness and implications for BH4 responsiveness testing. Inherit Metab Dis.
2020;43(2):244-50.

Muntau AC, Burlina A, Eyskens F, Freisinger P, De Laet C, Leuzzi V, et al.
Efficacy, safety and population pharmacokinetics of sapropterin in PKU
patients <4 years: results from the SPARK open-label, multicentre, rand-
omized phase llib trial. Orphanet J Rare Dis. 2017;12(1):47.

MacDonald A, van Wegberg AMJ, Ahring K, Beblo S, Bélanger-Quintana
A, Burlina A, et al. PKU dietary handbook to accompany PKU guidelines.
Orphanet J Rare Dis. 2020;15(1):171.

Bell SM, Wendt DJ, Zhang Y, Taylor TW, Long S, Tsuruda L, et al. Formula-
tion and PEGylation optimization of the therapeutic PEGylated phenyla-
lanine ammonia lyase for the treatment of phenylketonuria. PLoS ONE.
2017;12(3):e01732609.


https://www.ema.europa.eu/en/documents/product-information/palynziq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/palynziq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/palynziq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/palynziq
https://www.ema.europa.eu/en/medicines/human/EPAR/palynziq
https://doi.org/10.1186/1750-1172-8-103

Burlina et al. Orphanet J Rare Dis

55.

56.

57.

58.

59.

60.

(2021) 16:476

Longo N, Dimmock D, Levy H, Viau K, Bausell H, Bilder DA, et al. Evidence-
and consensus-based recommendations for the use of pegvaliase in
adults with phenylketonuria. Genet Med. 2019;21(8):1851-67.

SriBhashyam S, Marsh K, Quartel A, Weng HH, Gershman A, Longo N, et al.

A benefit-risk analysis of pegvaliase for the treatment of phenylketonuria:
a study of patients' preferences. Mol Genet Metab Rep. 2019;21:100507.
Thomas J, Levy H, Amato S, Vockley J, Zori R, Dimmock D, et al. Pegvaliase
for the treatment of phenylketonuria: results of a long-term phase 3 clini-
cal trial program (PRISM). Mol Genet Metab. 2018;124(1):27-38.

Gupta S, Lau K, Harding CO, Shepherd G, Boyer R, Atkinson JP, et al. Asso-
ciation of immune response with efficacy and safety outcomes in adults
with phenylketonuria administered pegvaliase in phase 3 clinical trials.
EBioMedicine. 2018,37:366-73.

Harding CO, Amato RS, Stuy M, Longo N, Burton BK, Posner J, et al.
Pegvaliase for the treatment of phenylketonuria: a pivotal, double-blind
randomized discontinuation Phase 3 clinical trial. Mol Genet Metab.
2018;124(1):20-6.

Longo N, Zori R, Wasserstein MP, Vockley J, Burton BK, Decker C, et al.
Long-term safety and efficacy of pegvaliase for the treatment of

61.

62.

63.

Page 18 of 18

phenylketonuria in adults: combined phase 2 outcomes through PAL-003
extension study. Orphanet J Rare Dis. 2018;13(1):108.

Zori R, Thomas JA, Shur N, Rizzo WB, Decker C, Rosen O, et al. Induction,
titration, and maintenance dosing regimen in a phase 2 study of pegvali-
ase for control of blood phenylalanine in adults with phenylketonuria.
Mol Genet Metab. 2018;125(3):217-27.

Hausmann O, Daha M, Longo N, Knol E, Mller |, Northrup H, Brockow K.
Pegvaliase: Immunological profile and recommendations for the clinical
management of hypersensitivity reactions in patients with phenylke-
tonuria treated with this enzyme substitution therapy. Mol Genet Metab.
2019;128(1-2):84-91.

Jorm AF. Using the Delphi expert consensus method in mental health
research. Aust N Z J Psychiatry. 2015;49(10):887-97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Italian national consensus statement on management and pharmacological treatment of phenylketonuria
	Abstract 
	Background: 
	Participants: 
	Consensus process: 
	Results: 
	Conclusions: 

	Background
	Methods
	Development of guidance statements
	Consensus process

	Results
	PKU management
	Multidisciplinary team
	Predictive value of the genetic profile

	Follow-up
	Dried blood spot (DBS) follow up
	Nervous system functioning follow-up
	Neurocognitive and psychiatric follow-up
	Neuroimaging use in follow-up
	PKU quality of life
	Transition and comorbidities
	Adherence and compliance

	Pharmacotherapy
	Pharmacotherapy tailoring
	Sapropterin dihydrochlorideBH4
	Patient selection
	BH4 genotype
	Sapropterin efficacy
	Pharmacokinetic

	BH4 test
	BH4 loading test
	BH4 responsiveness test
	Dietary and drug maintenance and adjustment
	Pegvaliase
	Patient selection
	Pegvaliase therapeutical goals
	Dietary and drug maintenance and adjustment
	Adverse events prevention and management


	Discussion
	Conclusions
	Acknowledgements
	References


