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ABSTRACT

Introduction: Phenylketonuria (PKU) is a rare autosomal recessive disorder caused by a deficiency of
phenylalanine hydroxylase (PAH). Its prevalence is estimated to be 1:10,000 in Europe. PKU is the com-
monest congenital inborn error of metabolism. The aim of our study was to investigate the character-
istics of clinical practice in relation to PKU in Italy, in order to raise awareness about the current
management and therapeutic approaches adopted.

Methods: Six Italian experts conducted a systematic literature review as well as an internal survey to
investigate the relevant clinical aspects. Collectively, the expert panel managed a total of 678 PKU
patients treated in the early stages of the condition over a 16-year period across six centers.

Results: The management of PKU varied markedly between centers, with differences in the compos-
ition of the multidisciplinary team, dietary treatments, compliance and adherence to management, tet-
rahydrobiopterin use, and patient follow-up. Patients were mostly managed by a pediatric reference
center from the initial PKU diagnosis during newborn screening until adulthood, without transition to
a specialized adult clinician. Fogginess, concentration reduction, low attention, anxiety, irritability,
memory deficit, headache, and unstable mood were common features in patients with uncontrolled
blood phenylalanine levels (generally above 600 pumol/L).

Conclusion: A homogeneous and shared approach to the management of PKU patients is important.
Our survey demonstrates the current management of PKU in ltaly, with the aim of promoting the
implementation of therapeutic strategies and follow-up, increased patient compliance and adherence,
and the achievement of the phenylalanine level targets recommended by European Union guidelines.
Emerging therapies are likely to become a standard treatment for patients unable to comply with diet
therapy and maintain their phenylalanine levels below the threshold values.

KEYWORDS
Phenylketonuria; neurocog-
nitive; BH, testing; Italian
survey; compliance;
transition; adult

Introduction a decline of approximately four intelligence quotient (IQ)
points, reinforcing the fact that neurological damage in PKU
starts in the first few days after birth. Therefore, the organ-
ization of newborn screening and the referral to PKU centers
is strongly recommended so that treatment is started no
later than 10 days of age®.

A simple screening test was developed in the 1960s® and
became a mandatory part of newborn screening tests in Italy
in 1992 (https://www.osservatorioscreening.it/fenilchetonuria-

screening-neonatale/). Elevated blood Phe levels are com-

Phenylketonuria (PKU) is a rare autosomal recessive disorder
caused by a deficiency of phenylalanine hydroxylase (PAH).
Its prevalence varies widely among countries, but is
~1:10,000 in Europe, with a higher rate in some countries
including ltaly’.

PAH catalyzes the conversion of the essential amino acid
phenylalanine (Phe) into tyrosine (Tyr)z. Depending on the
type of genetic mutation, the enzyme may be not translated
at all or may have several degrees of impaired function. As a

result, phenylalanine accumulates in the blood leading to a
variety of clinical manifestations, including brain damage,
autism, seizures, and developmental problems. In patients
with PKU, every 4-week delay in starting treatment results in

mon in other conditions, including a high natural protein
intake, prematurity, tetrahydrobiopterin (BH,) defects, and
liver diseases, all of which should be ruled out prior to con-
firming the diagnosis of PKU?. Early detection and treatment
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are of the utmost importance, helping to prevent intellectual
disability and facilitating a normal or near-normal quality of
life and 1Q°.

Genotyping has revealed more than 1000 mutations in
the PAH gene, which are listed in a PKU-specific database
(PAHvdb in BioPKU [http://www.biopku.org/]). Splicing, non-
sense mutations, and out-of-frame insertions or deletions
generally result in the loss of PAH (null mutations), while mis-
sense mutations and certain in-frame insertion-deletion
mutations (indels) cause defective protein translation®. Null
mutations in both alleles lead to classic PKU, which is charac-
terized by blood Phe levels >1200 umol/L if left untreated.
These patients benefit from a low Phe diet combined with
Phe-free L-amino acid-based protein substitutes, glycomacro-
peptide (GMP)-based protein substitutes and supplementa-
tion with slow-release large neutral amino acids (LNAAs)>S,
This diet prevents rises in blood Phe levels which, according
to European guidelines®, should be continued to maintain
blood Phe levels within the 120-360 umol/L range when
<12years of age and during pregnancy, and in the
120-600 umol/L range when >12years of age. Conversely,
American guidelines recommend the 120-360 umol/L target
throughout the patient’s life’.

Protein substitutes, which also include other micronu-
trients in many cases, provide essential amino acids and are
proven to lower blood Phe levels, probably because they
trigger anabolism and alter Phe transport in the intestinal
epithelium®. Even when working towards stricter targets,
pediatric patients managed by their families show good
compliance to therapy. On the contrary, as reported in a
recent Italian multicenter survey®, adults demonstrate poor
compliance with the low Phe nutritional plan (42%). Protein
substitutes are also poorly tolerated, as they can cause
gastrointestinal discomfort, need to be taken with increased
frequency, and generally taste unpleasant®.

PKU is classified according to the needs of the treatment®.
If treated, patients can live a normal life to the point where a
considerable percentage of patients (40% in the above-men-
tioned Italian survey)® believe that they are not affected by a
disease. However, relaxation in diet, which often occurs during
the transition from childhood to adolescence, frequently
results in missed Phe level targets that result in various symp-
toms such as attention deficit, insomnia, irritability, mood
swings, fatigue, and tremors. European guidelines, therefore,
recommend that all adult PKU patients should receive life-
long follow-up at specialist metabolic centers, where they
should undergo Phe level testing at least monthly, as well as
annual outpatient visits depending on their compliance.

This paper presents the results of the first Italian survey
exploring the experience of six highly specialized medical
centers for the diagnosis and management of PKU, as well as
the results of a systematic literature review. The survey was
developed to evaluate the management of adult (>16years
of age) patients with PKU in six Italian centers, with a focus
on BH, treatment, the transition from childhood to adoles-
cence, follow-up, and patient compliance. The overall aim of
this study was to analyze and highlight similarities and differ-
ences in clinical care between centers, thus providing the

basis for a more collaborative approach to maximize clinical
management and match unmet needs, where identified.

Methods
Survey

In September 2019, BioMarin Pharmaceutical Inc. (Novato,
CA) organized an expert meeting in Bologna, Italy. The
expert meeting participants were selected from clinicians
across different geographic regions in Italy based on two cri-
teria: (i) known expertise in the field of PKU; and (ii) a high
number of adult patients monitored at their PKU refer-
ence center.

The following experts were involved: Alberto Burlina
(Inherited Metabolic Diseases Division, Regional Center for
Expanded Neonatal Screening, Women and Children’s Health
Department, University Hospital of Padua, Italy), Maria Teresa
Carbone (Pediatric Division, Metabolic and Rare Diseases,
Santobono Pausilipon Hospital, Naples, Italy), Vincenzo Leuzzi
(Department of Human Neuroscience, Unit of Child Neurology
and Psychiatry — University La Sapienza, Rome, Italy), Sabrina
Paci (Pediatric Department, ASST Santi Paolo e Carlo, San
Paolo Hospital, University of Milan, Milan 20142, Italy), Marco
Spada (Department of Pediatrics, Regina Margherita Children’s
Hospital, University of Torino, Italy), and Albina Tummolo
(Metabolic Diseases Department, Clinical Genetics and
Diabetology, Giovanni XXIll Children’s Hospital, Bari, Italy).

The meeting highlighted the need to gain an understand-
ing of the real-life management and follow-up of PKU in
adults in Italy. AdRes s.rl. Health Economics & Outcomes
Research (Turin, Italy), in conjunction with BioMarin
Pharmaceutical Inc.,, CD Pharma Group (Milan, Italy), and the
expert meeting participants, designed a survey aimed at
investigating the following areas associated with PKU: epi-
demiology, management, healthcare professional involve-
ment, monitoring, BH, testing, target Phe levels adopted,
and pregnancy. A questionnaire (Online Resource 1) was
emailed to the expert meeting participants who completed it
based on clinical experience at their own center. As some
topics were not felt to have been investigated satisfactorily,
a second questionnaire was sent out (Online Resource 2),
which also explored patient perception, childhood-adult-
hood transition, and opinions about current and future treat-
ments. Possible conflicting statements/missing data were
further investigated in order to collect sufficient data to paint
a reliable picture of real-life PKU management in Italy.

All data were analyzed using descriptive statistics and sum-
marized by AdRes srl. Health Economics & Outcomes
Research, BioMarin Pharmaceutical Inc.,, and CD Pharma Group.
Results were shared with the expert meeting participants dur-
ing a teleconference for interpretation and discussion.

Considered issues

In November 2019, BioMarin Pharmaceutical Inc asked AdRes
s.r.l. Health Economics & Outcomes Research to conduct a
systematic review of literature for inclusion in the
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Table 1. PICOS literature search criteria.
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Study characteristics Inclusion criteria

Exclusion criteria

Population Adults (16+) with early-treated phenylketonuria

Intervention Phenylalanine-restricted diet

Comparators N/A

Outcomes
phenylalanine concentration)

Neurocognitive performance indicators

Health-related quality of life

Prospective or retrospective clinical study

Minimum of 10 target patients

Full-text publications

Full-text or translation available in English or Italian

Study design
Publications

Duplicate citation
reported in primary publication

Treatment compliance/response (measured in terms of blood

Multiple citations of a study with additional outcome data not

Not a population of interest: Patient <16-years-old
No neonatal diagnosis

No early treatment

Not an intervention of interest: Tetrahydrobiopterin
N/A

No outcome of interest reported

Not a clinical study

Fewer than 10 target patients

Letter, study protocol, commentary, monograph, editorials, press release,
systematic reviews

Duplicate citation, secondary publication or sub-study with no
unique data

reimbursement dossier for the Italian Medicines Agency
(AIFA). This work aimed to answer the following clinical
questions, formulated by the expert meeting participants in
Bologna in September 2019: (i) are PKU patients >16 years of
age, diagnosed at birth and managed in developed coun-
tries, able to maintain blood Phe levels within the recom-
mended range of 600 umol/L using the low-Phe diet only?;
(i) how does hyperphenylalaninemia affect neurocognitive
performance in the adult PKU population?; and (iii) what is
the quality of life of the adult PKU population treated with a
low-Phe diet alone? The results of the survey and a compari-
son to the literature are presented in the discussion section
of this manuscript.

Systematic review of the literature

The systematic review of the literature involved a search of
the PubMed and EMBASE biomedical repositories using key-
words. Keywords and controlled terms were used for all
fields (author, title, abstract, and text). Search equations were
designed using the PICOS method (Table 1) and developed
by means of five search strategies, which all focused on early
treated phenylketonuria (ETPKU) in the adult population. The

first search strategy was general and focused on
“management”, three were specific to scientific issues
(“compliance/control”,  “neurocognitive  outcomes”, and

“health-related quality of life”), and the last search strategy
was specific to the Italian context (“Italy”). Details of the
search terms used are provided in Online Resource 3.

The bibliographic search results were imported into the
specific collaborative software “Rayyan” (www.rayyan.qcri.org)
for the selection phase, in which all the expert meeting par-
ticipants were involved. After eliminating any duplicates, the
articles were initially screened using inclusion and exclusion
criteria based on the title and abstract. Full texts were
retrieved for articles that were not excluded during this
phase, in order to make a final decision about their inclusion.
Data extraction and tabulation were then carried out for the
included articles. Then, the evidence produced by this review
underwent critical analysis and commentary (Table 1).

Overall, 878 papers were retrieved; of these, 743 were
excluded after analysis of the abstract (103 of these were

Table 2. Flow of the literature search and selection.

Citations found in PubMed/EMBASE 878

Excluded based on title/abstract 743
whom duplicates 103
other reasons (out of PICOS) 604

Full-text examined 135

Excluded after reviews of the full text (out of PICOS, 91
sample size, wrong publication type)

Citations included in the systematic review 44

duplicates). 135 full-text manuscripts were then identified for
further review, of which 44 were included in the final review
(Table 2).

Some studies had overlapping populations and thus it was
not possible to quantify the number of patients described
exactly. All reports referring to the same study were elimi-
nated, and a most conservative approach for inclusion was
applied - that is, if patients were divided into subgroups, only
patients in age groups that included patients completely over
the age of 16years were considered. A number range (n) was
assigned to the national population described in each study,
according to two extreme overlap assumptions: low n value
were assigned to national populations with a high number of
patients participating in more than one study, meaning a high
overlap (NB, only studies with the highest population size for
each country was considered for calculation); conversely, the
maximum n corresponded to the opposite assumption, that is,
no patient had been studied simultaneously in any of the
studies included. The resulting number of patients described
in the studies was comprised between 3890-5037, across 17
different countries (Australia, Belgium, Canada, Czech
Republicc, Denmark, Germany, Hungary, Israel, Italy,
Netherlands, Norway, Poland, Spain, Switzerland, Turkey, the
UK, and the USA).

Results
Literature analysis

The literature review allowed us to outline the global per-
spective of the clinical management of PKU in adult
patients (>16years).
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The analysis revealed the heterogeneity of PKU manage-
ment in different countries. The greatest variability was
found in the definition of PKU phenotypes, target thera-
peutic levels of blood Phe, and follow-up practices for
patients with PKU. In addition, the protocols for BH, testing
varied widely between countries, with sapropterin reported
as a treatment option in 34% of respondents in Europeg.

After a thorough analysis of the literature, the authors
focused on three main topics: (i) are PKU patients >16 years
of age, diagnosed at birth and managed in developed coun-
tries, able to maintain blood Phe levels within the recom-
mended range of 600 umol/L using the low-Phe diet only?;
(i) how does hyperphenylalaninemia affect neurocognitive
performance in the adult PKU population?; and (iii) what is
the quality of life of the adult PKU population treated with a
low-Phe diet alone?

The available evidence indicated that strict adherence to
diet therapy is very difficult or impossible in a high percent-
age of patients (variable, but ~35-50%); the recommended
metabolic control is not achieved, thus resulting in a signifi-
cant impact on cognitive functions. More than 50% of these
patients have blood Phe values >600 pmol/L'%7'S.

Moreover, prolonged high levels of phenylalaninemia, par-
ticularly in adolescence, are associated with a negative
impact on the individual’s 1Q; regardless of historical meta-
bolic control, hyperphenylalaninemia is associated with acute
deficits in cognitive function, such as difficulty concentrating
and prolonged reaction times to stimuli, particularly where
they involve the need for complex processing. Ultimately,
this condition appears to be associated with an increased
incidence of psychiatric and behavioral disorders'>'”~2",

The burden of the onerous diet therapy, as well as the
functional cognitive deficits associated with hyperphenylala-
ninemia, are the main factors negatively impacting the qual-
ity of life as perceived by patients with PKU aged >16 years®.

The authors agree on the adoption of European PKU man-
agement guidelines as the optimal method to maintain good
Phe control and avoid neurocognitive impairment.
Accordingly, blood Phe levels recommended in adults are in
the 120-600 pmol/L range in patients aged > 12years, and
European Guidelines also recommend that these values are
maintained throughout the patient’s life. Moreover, neuro-
cognitive evaluation is recommended at 12years and
18years of age in all patients in the presence of poor meta-
bolic control, or if any social or psychological concerns are
present (3, statements 10, 11 and 24).

Survey

The total number of PKU patients in Italy is ~4000 (https://
www.osservatoriomalattierare.it/), although a precise estimate
is not available because of the lack of a national registry. The
six centers participating in the survey declared that they
each had between 40 and 320 patients receiving early treat-
ment for PKU, with a total of 678 subjects across all six cen-
ters. All patients were aged over 16years. The majority of
PKU patients are currently being monitored and treated; no
more than 15% continue to have symptoms (Table 3).

Table 3. Adult PKU patients monitoring.
Adult PKU patients >16-years-old

Median (range)

100.0% (99-100%)
5.0% (0-15%)

Total monitored and receiving treatment

Total monitored patients receiving treatment with
signs and symptoms

Unmonitored and not receiving treatment, with no signs
and symptoms

Unmonitored and not receiving, with signs and symptoms

8.5% (0-30%)

2.3% (0-10%)

Multidisciplinary management of phenylketonuria

Due to the complex nature of PKU, a multidisciplinary
patient approach must be adopted®?.

The six centers participating in this study have an internal
team composed of at least one medical specialist, one pedi-
atrician or neuro-pediatrician, and are almost always sup-
ported by a dietician and a psychologist (Figure 1).

Despite heterogeneities in the composition of the multi-
disciplinary teams between centers, patient compliance in
terms of loyalty to the center and adherence to therapy was
not affected. The experts explain that these results are due
to the high level of expertise of the specialists, working with
PKU patients from the pediatric age to adulthood.

According to all six experts, every adult patient was moni-
tored by the same member of staff during pediatric follow-
up, due to active recall policies following the neonatal
screening outcome. In adult patients, only rare cases are
referred to the centers by a GP or a gynecologist in the
event of pregnancy, while some patients decide to report to
the center personally.

Treatment

Previous treatment

All centers record and store data relating to the patient’s
clinical history. It was therefore possible to trace treatment
duration and compliance (Table 4). With regard to the
patients’ clinical pathway, given the crucial importance of
maintaining low phenylalanine levels (in accordance with
guidelines) during early life to avoid the development of
mental retardation, the experts reported that their patients
were on diet therapy up to the age of at least 14 years, with
a good level of compliance and a low interruption rate
(~10% between age 10years and 14years; Table 3). Diet
therapy consisted of replacing all-natural proteins in the diet
with safe or phenylalanine-free protein substitutes, consisting
of Phe-free L-amino acid-based protein substitutes, glycoma-
cropeptide (GMP)-based protein substitutes and slow-release
large neutral amino acids (LNAAs). The diet also contained a
balanced intake of all nutrients, energy, vitamins, and miner-
als. Vitamin and minerals were either added to the protein
substitute or given as a separate supplement®3,

After age 14years, a further percentage of subjects
(~20%) stopped treatment, with experts estimating the total
abandonment rate to be ~30% (Table 3). All of the experts
reported that a portion of patients resumed diet therapy
after stopping it in all of the centers (Table 4).
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COMPOSITION OF THE CENTER’S TEAM

1111

1 1 1

Center Center Center
1 2 3

B rediavician
. Internist

. Psychologist

Figure 1. Composition of the center’s team.

Neurologist

Table 4. Treatment history of patients under the centers in question.

. Child Neuropyschiatrist

11111

Center Center Center
4 5 6

Dietician

Metabolic Diseases Specialist

Table 5. Treatment followed by patients currently under the center’s care.

Treatment history of patients Median (range)

Median (range)

100% (99-100%)
100% (90-100%)
89.5% (80-100%)
72.5% (20-90%)

Diet therapy up to 6years of age

Diet therapy up to 10years of age

Diet therapy up to 14years of age

Diet therapy never interrupted in those older
than 14 years of age

Resumption of diet therapy after interruption

Availability of data on compliance with diet therapy
received in the past

10% (0.4 — 20%)
100% (90-100%)

Current treatment

The treatment protocol adopted at the six centers requires
all patients to receive diet therapy; at one center no treat-
ment was provided to PKU patients with BH,; at the remain-
ing four, the percentage of patients receiving BH, varied
between 2-30% with treatment. It is important to emphasize
that one expert always provided continuous support
throughout the PKU patient’s treatment. None of the centers
used experimental or off-label drugs (Table 5).

Compliance

The level of compliance in the adult patient on prescribed
treatment was deemed to be low/moderate and not

92.5% (0-100%)
Supplemented diet therapy 50.0% (0-100%)
Drug (BH,) 14.0% (0-30%)

Diet therapy comprised of natural protein and special low-protein food, sup-
plemented diet therapy comprised of natural protein, low-protein food, and
protein substitutes.

Diet therapy

exceeding 65%. As already described in the literature, the
experts confirmed that problems adversely affecting compli-
ance mainly concerned the impact of diet therapy on quality
of life and particularly the social aspects, as well as a ten-
dency among some patients to deny being affected by a dis-
ease. For this reason, three experts believed that the arrival
of new therapies could have a positive influence on compli-
ance and on patient willingness to continue follow-up.
Long-term loyalty to the centers was high, with centers
generally looking after the same patients throughout their
lifetime, from diagnosis to adulthood. The dropout rate after
childhood never exceeded 30%. Indeed, the experts argued
that, despite poor treatment compliance, patients feared the
consequences of total interruption and attend the scheduled
annual check-ups. According to the recommendations of
European guidelines, patients follow a tighter schedule for
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PHE TARGET RANGES (umol/L)

700

600

500

400

300

200

¢

100

Center 1,2,3,4

0 Adult - low value

Center 5

e

Center 6

Pregnancy - low value

’ Adult - high value . Pregnancy - high value

Figure 2. Blood Phe range adopted at the centers under analysis. Center 5 adopted restricted ranges with no differences between adult and pregnancy. Center 6

adopted a lower high value for pregnancy only, and a higher low value for adults.

visits, with frequency increasing due to treatment changes,
social circumstances (such as changing school or leaving
home), clinical grounds, and adherence issues (revealed by
the monthly Dried Blood Spot (DBS) test follow up)2.

Monitoring

With regard to monitoring the patient’s blood phenylalanine
levels, the low phenylalanine range to be maintained is gen-
erally that suggested by European guidelines, that is,
120-600 umol/L (Figure 2). It is very important to monitor
Phe levels constantly. As shown in Figure 2, each center
adopted a different approach to monitoring. For example,
Center 5 adopted restricted ranges with no difference
between adult and pregnancy doses, while Center 6 adopted
a lower high value for pregnancy only, and a higher low
value for adults.

In relation to disease status monitoring (and all the add-
itional assessments that a PKU patient may need), protocols
varied significantly among different centers. In fact, phenyl-
alanine levels were measured systematically, with the fre-
quency of such measurements varying from monthly to
weekly. Other clinical assessments, such as neuropsychiatric
testing, were performed routinely on all patients and on a
quarterly basis at one center only. Furthermore, if deemed
clinically necessary, magnetic resonance imaging of the brain
was also performed. None of the centers routinely carried
out a diabetes risk assessment, cardiovascular risk assess-
ment, or lung assessments, as the experts believe these
assessments should be carried out according to the patient’s
clinical condition and age. The same recommendations
regarding comorbidities are stated in the European guide-
lines (3, statement 20 - grade of recommendation C).

Tetrahydrobiopterin testing

With regard to the methods used for the BH,4 responsiveness
test??, only one center used the BH, test for the differential
diagnosis to distinguish between PKU/PAH deficiency and
PKU/BH, tetrabiopterin pathway deficiency and did not use
this drug in therapy. In this center, BH, treatment is assigned
only to patients suffering from primary BH, deficiency, while
classic and mild PKU patients are treated with a Phe-
controlled diet only, following a strict phenylalanine toler-
ance assessment. In this setting, patients presenting high
compliance to diet-therapy maintain blood Phe within the
range. Consistently, patients with stable Phe levels <360
pmol/L, on an unrestricted dietary Phe intake, are assigned
to the benign phenotype, defined as “HPA no-PKU” - repre-
senting the largest category of hyperphenylalaninemic new-
borns - and no specific treatment is currently indicated
for them.

Another center did not test adult patients but performed
the loading test on all those with a double mutation not
followed by a positive diagnosis at the screening. The
remaining four centers retested adult patients who were
non-responders as children, and test naive adults, to evaluate
the effectiveness of BH,4 as therapeutic support for PKU. The
criteria adopted by the five centers when deciding whether
to perform the test on a patient differed greatly from center
to center. The main test eligibility criterion was the distinct-
ive genetic predisposition of mild/moderate forms. Two cen-
ters tested all forms of PKU that do not have a double null
mutation, including hyperphenylalaninemia (HPA); one of
them tested all neonatal patients; the other three centers
tested a reduced number of patients with PKU, with a
greater focus on PKU patients affected by mild forms and
completely excluding subjects suffering from HPA.
Furthermore, the ability to perform the BH,; responsiveness
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BH4 RESPONSIVENESS TEST EXECUTION
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Figure 3. BH, responsiveness test execution methods at six centers.

test is not only linked to the patient’s genetic/clinical eligibil-
ity, but also to the willingness of the patient’'s family to
change longstanding eating habits and lifestyle. Some
patients also report a real fear of abandoning the diet and
refuse to take the test.

The dose of BH, tested was 20 mg/kg at two centers over
a period of 48 h, which was extended to four weeks for unre-
sponsive patients; another center used a 10 mg/kg dose for
the first two weeks and 20 mg/kg for the next two weeks, for
a total of 4weeks. One expert stated that they use a dose of
10mg/kg, which is effective in 90% of cases after two weeks;
in non-responders, the dose is increased to 20 mg/kg for two
more weeks. At four centers, the percentage of patients who
respond to the BH, test is between 20% and 35%, while for
the center that mainly tests mild forms, it reaches up to 70%
(Figure 3).

Patient perception

The cognitive difficulties typical of this pathology are often
subjectively perceived by patients and are therefore difficult
to verify in a standardized and systematic patient
assessment®,

This makes it necessary to carry out a thorough investiga-
tion of disease perception among patients with PKU. Some
patients report symptoms such as impaired concentration
and focus, anxiety, irritability/short temper, memory deficit,
headache, and mood swings, all of which are associated with

= =0
|

- Newborn 24/48 H loading test at 10 mg/kg dosage

o
a Extended to 4 weeks
[ ]
a

Extended to 4 weeks
2 weeks 2 weeks

T : TS

- Dosage 10 mg/kg
- Dosage 20 mg/kg

persistent Phe levels above the threshold set by European
guidelines (>600 umol/L). When Phe levels are within the
normal range, patients report improved attention and con-
centration skills; on the other hand, when the levels are too
high patients struggle to recognize their neurocognitive
impairment. Only one expert believed that cognitive dysfunc-
tion could somehow affect follow-up.

Transition from childhood to adulthood

The experts argued that the patients’ transition process
needs to be implemented, providing a gradual switch to the
management of the adult patient by a new physician respon-
sible for the patient during and after the transition, in order
to follow his/her requirements as an adult. Currently, this
type of professional figure is missing in all of the six centers.
Moreover, the experts indicated that patients and their fami-
lies are reluctant to change the clinicians who have moni-
tored them for years. A structured transition process
appeared to be successful for most of the patients surveyed
in a German study, with a strong increase in patient satisfac-
tion both from a psychosocial and socioeconomic point
of view?.

Data show that effective PKU patient transitions to a spe-
cific center for adults are limited by the lack of metabolic
expertise, which is currently largely concentrated in pediatric
centers. As suggested by one expert and agreed by the
others, greater primary care involvement would be beneficial
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PKU DURING PREGNANCY, AWARENESS,
AND GYNECOLOGICAL MANAGEMENT

Patient
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Figure 4. PKU during pregnancy, awareness, and gynecological management.

in the management of patients with PKU, both to facilitate
the transition process and to manage specific aspects of the
disease and its comorbidities. There was a suggestion to cre-
ate a network of preferential communication channel, with
the aim of the patients obtaining total comprehensive sup-
port. A professional figure taking care of adult PKU patients
could also be crucial in recovering subjects who are lost to
follow-up during the transition.

Lastly, it is interesting to note that treatment compliance
and ongoing follow-up exceeded 14% in subjects treated
with diet therapy and BH,; during this delicate phase
(Table 4). In fact, as these patients have better clinical meas-
urements and are encouraged to carry out the tests, they
seem to be more responsible and motivated than those
forced to follow a more stringent diet, especially in cases
where a diet supported by BH, allows them to obtain a real
increase in phenylalanine tolerance, consequently leading to
a partial or total reduction of their dietary restrictions.

The potential reasons for the loss of motivation during
the transition have been summarized by the experts as fol-
lows: the move away from parental control; the refusal to
comply with a treatment that has such a big impact on their
social and personal life; diet-related logistical and organiza-
tional difficulties; the embarrassment of admitting to health
professionals that they have failed to comply with thera-
peutic instructions; poor perception of their disease; and
even the denial of their diagnosis.

Pregnancy

An adequate level of alignment with a good and homoge-
neous rate of accuracy in maternal PKU follow-up was found
in all centers. The Phe ranges for pregnant women were
mostly 120-360 umol/L, as recommended by European

Gynecologist

b

)
W

f

2
v

NO

guidelines (Figure 2). Phe level monitoring was more fre-
quent than in non-pregnant individuals. Three experts stated
that the DBS must be submitted once to twice weekly, one
required them to be submitted every two days, while the
other two followed European guidelines®; however, the
experts agreed that pregnancy requires close attention to
adapting both the treatment and monitoring to the specific
requirements of the patient®’.

According to three experts, the diet must be accurately
balanced to ensure an adequate calorie and protein intake
that varies according to the gestational period and depend-
ing on the presence of nausea and vomiting and the
increase in Phe tolerance that physiologically occurs dur-
ing pregnancy.

Beyond the specific indications provided by each center
for the optimal management of these patients, it is appropri-
ate to focus on the risks connected with pregnancy in
women with PKU, although this awareness is present in
almost all cases (Figure 4). Experts agree that all patients
should return to their PKU management center in the event
of pregnancy, regardless of their treatment or Phe levels.
According to one expert, this return is also closely related to
blood Phe concentrations above the threshold values.

One expert highlighted the importance of the specific
monitoring required after pregnancy, which implies a need
for comprehensive follow-up of the mother during breast-
feeding and monitoring of the baby’s general state of health
until at least 6 years of age.

Future strategies

Another result that emerged from the surveys related to the
experts’ opinion of the strategies currently available in Italy
(diet and BH4, combined or separately) and the possible



impact of future the treatment of
PKU patients®.

At present, dietary management alone may not be suffi-
cient to treat adult patients, while BH, and dietary manage-
ment is a valid therapeutic approach for responsive patients.
It has been emphasized that optimal treatment with diet
therapy is even more complicated to achieve if current levels
of compliance among adult patients are considered (see
Table 3), the reduced perception of a patient’s own disease
that impacts compliance and, in the case of BH,, the greatest
difficulty is in relation to the need for systematic retesting in
adult patients.

With regard to emerging therapies and the impact they
could have on the lifelong management of patients with
PKU, they will certainly be embedded in the new standards
of PKU care for patients unable to comply with diet therapy
and maintain their phenylalanine levels below the threshold
values. In any case, there is mutual agreement on the possi-
bility of allowing a completely free diet where risks do not
exceed benefits and where effectiveness is proved by blood
Phe levels remaining within the target range.

strategies on

Discussion

To thoroughly investigate the real-life contemporary man-
agement of PKU in Italy, six Italian experts conducted a sys-
tematic review of the literature on selected international
publications and administered a survey to better understand
some relevant clinical aspects. The expert panel has man-
aged a total of 678 patients aged over 16years with early
treated PKU across their six centers.

Considering the results of the systematic review of the lit-
erature, the survey results, and the experts’ personal experi-
ence, several findings have been discovered and discussed
during meetings. The main topics have been the compos-
ition of the multidisciplinary team, Phe target ranges in cen-
ters, therapeutic strategies, follow-up schedules, and
expectations regarding future treatments.

Our survey highlighted that patients are mostly managed
by the pediatric reference center, from the initial diagnosis
of PKU during the newborn screening through to adulthood
without any transition to a specialized adult clinician. As
already shown in a survey based on co-creative sessions
involving PKU patients in Italy, the continuity of follow-up
allows clinicians to closely monitor the patients and track
their compliance with therapy throughout their lives. In add-
ition, the perception of doctor-patient communication and
relationship with the healthcare system is the main factor
that facilitates adherence and engagement in the manage-
ment of PKU. However, a profound revision of the PKU care
system in ltaly is strongly desired with particular attention to
the transition phase, a critical step for patient compliance?’.

Adherence and compliance are low, due to the impact on
the quality of life, social limitations, and self-denial that
patients have PKU®, Patients followed-up in the selected cen-
ters are totally on a restricted diet supplemented with pro-
tein substitutes and Phe-free formulas in 95% of cases. No
more than 30% of the total treated patients use BH, to take
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advantage of the reduced dietary restrictions, improved food
tolerance, and increased daily protein intake allowance. For
these reasons, adherence and compliance are higher in BH,4-
treated patients.

Despite assimilating the indications given in the European
guidelines®, our six centers adopt different strategies in
many contexts. For example, in the selection and testing of
patients who can be treated with BH,, there are differences
among centers with regard to both the time of testing and
the dosages scheduled. The treatment trial in potential BH4-
responders may occur over a few weeks or even months>.
One center described 24 h BH, loading testing using 20 mg/
kg to differentiate between BH,-responders and non-res-
ponders. In the others, also with different times and dosages,
the 48-h test followed by a 4-week test appears to be useful
to detect slow responders as well as responsiveness in more
severe phenotypes.

It should be highlighted that the possibility of performing
the BH, responsiveness test®° is associated with the patient’s
genetic/clinical eligibility, with clinicians preferring mild/mod-
erate phenotypes, and also with the willingness of the
patient’s family to modify their consolidated dietary habits
and lifestyles.

Following this evidence there are many difficulties in
achieving target ranges in many cases, that indeed are the
same as those used across most centers as required by
European guidelines.

A heterogeneous follow-up among the centers was found
for all that concerns DBS frequency and Phe level monitor-
ing, from weekly up to monthly, as well as neuropsychiatric
evaluations being administrated quarterly in only one center.
Endocrinological, respiratory, and cardiovascular examina-
tions were performed only in selected cases.

Noteworthies are the patient disease perceptions and
neurocognitive considerations. The survey showed that fog-
giness, concentration reduction, low attention, anxiety, irrit-
ability, memory deficit, headache, and unstable mood are
common features in a patient with uncontrolled Phe (gener-
ally above 600 pmol/L). These symptoms can be unperceived
but then recognized when Phe levels are close to physio-
logical levels'’.

The final observations can be summarized as follows:

e There are differences in PKU management

e Diet therapy patient compliance in Italy is suboptimal

e Diet therapy alone may not be sufficient to treat
adult patients

e BH,4 therapeutic approaches are used to various degrees

e The BH4; responsiveness test is performed in differ-
ent ways

e Patients perception of their own disease is low

Conclusions

In conclusion, we have reinforced the importance of a homo-
geneous and shared approach to PKU patients, describing
the Italian real-life clinical experience of managing PKU in
order to encourage and implement therapeutic strategies
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and follow-up, with the aim to increase patients compliance
and adherence as well as achieving Phe levels in line with
the European guidelines recommended ranges. Correct and
standardized use of therapeutic options available to date is
highly recommended to be implemented in all centers. The
follow-up of adults and the identification of their neurocog-
nitive and comorbidity needs is recommended, as well as
focus on their self-awareness regarding their disease
together with an implementation of the transition process
with major involvement of primary care.

Although time and effort will be required, not only by the
surveyed experts but at a national level, we highly recom-
mend the creation of a network between centers and territo-
ries. The network will offer the opportunity to share
experiences, be aligned and manage Italian patients homo-
geneously, and create the basis for effectively improving the
lives of patients with PKU in Italy.
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