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surveillance study

Mina Tamura,1 Shizuka Seki,2 Yasuyuki Kakurai,3 Shuichi Chikada1 and Kento Wada4

1Pharmacoepidemiology & PMS Department, 2Safety & Risk Management Department, 3Data Intelligence Department,
4Clinical Safety & Pharmacovigilance Division, Daiichi Sankyo Company Limited, Tokyo, Japan

Abstract Background: The aim of this study was to assess the long-term safety and efficacy of sapropterin in a real-world

setting in Japanese patients with tetrahydrobiopterin (BH4)-responsive phenylketonuria.

Methods: This post-marketing surveillance study enrolled all of the patients in Japan with confirmed BH4-

responsive PKU who were administrated sapropterin between July 2008 and October 2017. Patients were observed

at least every 3 months during follow up, with key data collected on treatment exposure/duration, effectiveness

according to physician’s judgement, serum phenylalanine levels, and adverse events.

Results: Of 87 enrolled patients, 85 patients (male, 42.4%; outpatients, 96.5%) were included in the safety and effi-

cacy analysis sets. Treatment started at age <4 years in 43 (50.6%) patients and the most common starting daily

dose was 5–10 mg/kg (n = 41, 48.2%) with the overall duration of treatment between 0.2 and 17.2 years. Serum

phenylalanine levels, according to loading tests, reduced from a baseline level of 9.66 mg/dL (range 0.48–
36.80 mg/dL) by >30% in 84 patients. Treatment was deemed effective in 79 of 85 patients (92.9%, 95% confi-

dence interval: 85.3–97.4). One patient (1.2%) experienced an adverse drug reaction (alanine aminotransferase

increased) 50 days after the start of administration, which resolved without complications with continued treatment.

Conclusions: Sapropterin appears well tolerated and highly effective in Japanese patients treated in a real-world

setting, including those who start treatment at age <4 years and pregnant women.
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In situ tetrahydrobiopterin (BH4) acts as a coenzyme for

phenylalanine hydroxylase (PAH), tyrosine hydroxylase and

tryptophan hydroxylase, which are enzymes involved in the

biosynthesis of the catecholamine and serotonin neurotransmit-

ters. Phenylketonuria (PKU) is a congenital metabolic disorder

characterized by PAH deficiency and consequently elevated

phenylalanine levels (hyperphenylalaninemia, HPA) of varying

severity.1,2 A small proportion of patients with HPA (3%)

have BH4 deficiency due to congenital deficiency of the

enzymes required for the synthesis of BH4 (atypical HPA).1

Without treatment, HPA/PKU may lead to neuropsychological

impairment and, in the case of a severe phenotype with

pronounced HPA, to significant and irreversible mental dis-

ability.1,3,4

The effectiveness of BH4 was first demonstrated in Japan

for the treatment of patients with PAH deficiency who had at

least one mutated allele of the PAH gene (e.g., R241C and

P407S), which is associated with mild disease.1,5 The develop-

ment of sapropterin dihydrochloride, a synthetic preparation of

the natural cofactor for PAH (6R-BH4), for the treatment of

atypical HPA (i.e., HPA caused by a BH4 deficiency) began

in 1980 with a collaboration between the Japanese government

and pharmaceutical companies. The chemical synthesis and

granulation of sapropterin dihydrochloride for administration

as granules was established by Suntory Co., Ltd. (Osaka,

Japan), and the intellectual property was then transferred to

Daiichi Sankyo Co. Ltd (Tokyo, Japan). The efficacy and

safety of sapropterin dihydrochloride for the treatment of atyp-

ical HPA was demonstrated through clinical studies, showing

reduction of serum phenylalanine levels, and the drug received

regulatory approval for atypical HPA in March 1992 in

Japan,1,6 the first country to grant this. In 1999, Kure et al.

identified a subtype of PAH deficiency that was distinct from

atypical HPA, but was still responsive to BH4 treatment.1,5

Subsequently, the labelling for sapropterin dihydrochloride
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was extended in Japan on July 16, 2008, to include BH4-

responsive HPA, acknowledging that it reduces “the serum

level of phenylalanine in patients with HPA due to BH4-

responsive phenylalanine hydroxylase deficiency.”1,7 Saprop-

terin dihydrochloride is currently used to treat BH4-responsive

HPA in more than 50 countries in the world and several

follow-up studies have been conducted.

The number of patients treated with sapropterin dihy-

drochloride at the time of approval was limited,1,8,9 so the

Japanese regulatory authority required that a drug use results

surveillance study (i.e., a post-marketing surveillance study)

be conducted with all patients treated with the product after

launch until data from a pre-determined number of patients

had been accumulated. In addition, the safety of sapropterin

during pregnancy had not been established at the time of

approval. According to the package insert in Japan, the drug

should be used only when the benefits outweigh the risks,1,7

so the study included patients who experienced pregnancy and

delivery during the observation period.

The aim of this Japanese post-marketing surveillance study

was therefore to assess the safety and efficacy of sapropterin

dihydrochloride over the long term in a real-world setting in

all treated patients with BH4-responsive HPA in Japan.

Methods

Study design and patients

All patients diagnosed with BH4-responsive HPA who were

administered sapropterin dihydrochloride between July 2008

and October 2017 were included in this post-marketing

surveillance study. The diagnosis was confirmed by a BH4

single-loading test, BH4 4-times loading test, and BH4 1-week

loading test, at which time baseline data were collected and

patients were enrolled.

Administration method

Dosage and administration were determined according to the

package insert in Japan,7 which states: “Usually, sapropterin

dihydrochloride is started at a dose of 10 mg/kg/day (in 1–3
divided oral doses), and the dose that can maintain the target

serum level of phenylalanine corresponding to age, while

observing clinical symptoms, etc., is defined as the effective

maintenance dose.” In addition to the package insert descrip-

tion, the following instructions were added: (i) in principle,

the dose should not exceed 20 mg/kg/day; and (ii) treat to a

target serum phenylalanine level within the reference range

for the corresponding age, as defined in Japanese treatment

guidelines in 2012.10

Observation period and assessments

All enrolled patients had a pre-study visit and then one at least

every 3 months during follow-up, depending on the patient’s

condition. Patient data were censored at the time of the final

follow-up visit for any patients who discontinued the study

drug prior to the end of December 2017 (which was the data

cut-off date for this analysis).

Regarding patient background characteristics, the following

information was gathered at enrolment: sex, hospitalization/

outpatient status, age, presence or absence of abnormal EEG,

presence or absence of abnormal magnetic resonance imaging

(MRI) findings, complications, family history of HPA, and the

presence/absence of diet therapy. Information on sapropterin

dihydrochloride treatment exposure was determined from the

following data gathered at each study visit: daily dose, serum

phenylalanine level. Treatment duration was calculated as the

time from study drug initiation to sapropterin discontinuation

or the last study visit prior to data cutoff.

In terms of outcome measures, treatment effectiveness was

evaluated every 6 or 12 months as either “effective” or “inef-

fective” according to physician judgement based on a compar-

ison of serum phenylalanine levels and neurocognitive

development status before and after treatment. Whenever pos-

sible, serum phenylalanine levels were monitored at least once

every 3 months (i.e., 4 times a year) until discontinuation or

withdrawal. To allow comparison with a Phase 3 trial in non-

Japanese patients, data from patients with serum phenylalanine

levels measured at 6 � 1 weeks after treatment initiation were

extracted. Considering the frequency of measurement of serum

phenylalanine levels in daily clinical practice, serum pheny-

lalanine levels measured 5–7 weeks after administration of the

first dose of this drug were taken to be the “6-week” levels.

Baseline serum phenylalanine levels were those measured

immediately before the BH4 single-loading test, BH4 4-times

loading test, or BH4 1-week loading test. Based on Japanese

guidelines for the management of PKU in 2012,10 the recom-

mended maintenance phenylalanine serum levels were set

according to age as follows: 0 to 3 years, 2–4 mg/dL; 4–
9 years, 2–6 mg/dL; 10–11 years, 2–8 mg/dL; 12 years and

older, 2–10 mg/dL.

Patient height and weight were measured at baseline, dur-

ing the observation period (once every 3 months) and at last

study visit in order to assess effects on growth. Phenylalanine

intake, and the period over which it was assessed, were

recorded in patients’ case report forms, based on the patient’s

self-report.

Adverse events (AEs) were classified according to the ICH

Medical Dictionary for Regulatory Activities Japanese edition

(MedDRA/J) Version 21.0. Adverse drug reactions were

defined as AEs considered by the investigator to be treatment

related.

Statistical analysis

The incidence of adverse drug reactions and corresponding

two-sided 95% confidence intervals (CI) were estimated for

the safety analysis set.11 Comparisons were tested by Fisher’s

exact test. The efficacy rate and its two-sided 95% CI were

estimated for the efficacy analysis set.11 Summary statistics

were used to describe serum phenylalanine levels at each year
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of age. SAS� Version 9.2 (SAS Institute Inc, Cary, NC, USA)

was used for all statistical analyses.

Ethics

This study was conducted in accordance with Japanese good

post-marketing study practice (GPSP) regulations. The study

protocol was reviewed and granted consent by the appropriate

Japanese regulatory authority prior to study initiation.

Results

Patient disposition and characteristics

Sapropterin was administered to patients with BH4-responsive

HPA at 51 institutions in Japan between July 2008 and Octo-

ber 2017.

In total, 87 patients were enrolled; however, two patients

were excluded from analysis because they were not defini-

tively diagnosed with BH4-responsive HPA. The remaining 85

patients were included in the safety and efficacy analysis sets

(Fig. S1). No AEs were reported for the two excluded

patients.

Baseline characteristics of the 85 patients are shown in

Table 1. The study population included 36 male (42.4%) and

49 female (57.6%) patients, of whom 82 (96.5%) were outpa-

tients and three (3.5%) were inpatients. Treatment started at

younger than 4 years of age in 43 (50.6%) patients and at

4 years or older in 42 (49.4%) patients. At the start of treat-

ment, complications were observed in 16 (18.8%) patients,

and 64 (75.3%) patients were on diet therapy. None of the

complications were related to BH4-responsive HPA.

Dosage and treatment exposure are shown in Table 2. The

most common starting daily dose was 5–10 mg/kg (n = 41,

48.2%). Both the mean and median daily dose were approxi-

mately 10 mg/kg. The initial daily dose was <5 mg/kg in 10

(11.8%) patients, 10–15 mg/kg in 17 (20.0%), 15–20 mg/kg in

16 (18.8%), and >20 mg/kg in one (1.2%) patient. The daily

dose at the time of the final study observation was <5 mg/kg

in nine (10.6%) patients, 5–10 mg/kg in 26 (30.6%), 10–
15 mg/kg in 21 (24.7%), 15–20 mg/kg in 24 (28.2%), and

>20 mg/kg in five (5.9%) patients.

The duration of treatment ranged from 0.2 to 17.2 years,

with 26 (30.6%) patients receiving treatment for 7–10 years.

Fourteen (16.5%) patients were treated for less than 1 year, 24

(28.2%) for between 1 and 4 years, 11 (12.9%) for between 4

and 7 years, and 10 (11.8%) patients for 10 years or more.

Discontinuation of treatment occurred in six of 85 cases.

Five of the six patients discontinued due to a change in treat-

ment policy related to the patient’s condition, and one patient

decided to withdraw from the study. No discontinuation due to

AE was observed.

Serum phenylalanine levels at baseline and during the load-

ing test are shown in Tables 3 and 4, respectively (efficacy anal-

ysis set). The mean serum level of phenylalanine at the

pre-study visit was 9.66 mg/dL (range 0.48–36.80 mg/dL), and

the mean levels of phenylalanine at the time of newborn mass

screening and before the BH4 loading test were both higher than

2 mg/dL. A BH4 single-loading test, BH4 4-times loading test

or BH4 1-week loading test was performed in 84 of 85 patients

in the efficacy analysis set, and a mean decrease in serum

phenylalanine of more than 30% was observed. One case in

which loading test data were not available was later diagnosed

with BH4-responsive HPA based on clinical observation by the

investigator, although no loading test data were available.

Table 1 Baseline characteristics of patients

Category Sapropterin (N = 85)

Sex, n (%)
Male 36 (42.4)
Female 49 (57.6)

Inpatient/outpatient status, n (%)
Inpatient 3 (3.5)
Outpatient 82 (96.5)

Age at the start of sapropterin†, year
Mean (SD) 6.2 (8.4)
Median (min, max) 3.0 (0, 33)

Age range categories, years, n (%)
<1 16 (18.8)
≥1–<4 27 (31.8)
≥4–<10 28 (32.9)
≥10–<12 2 (2.4)
≥12–<65 12 (14.1)
≥65 0

Presence/absence of abnormal electroencephalogram, n (%)
Not tested 66 (77.6)
Absence of abnormalities 17 (20.0)
Presence of abnormalities 1 (1.2)
Unknown/not detected 1 (1.2)

Presence/absence of abnormal MRI findings, n (%)
Not tested 63 (74.1)
Absence of abnormalities 19 (22.4)
Presence of abnormalities‡ 2 (2.4)
Unknown/not detected 1 (1.2)

Complications, n (%)
Absent 69 (81.2)
Present 16 (18.8)

Family history of HPA, n (%)
Absent 71 (83.5)
BH4-responsive HPA 12 (14.1)
Others§ 2 (2.4)

Diet therapy (phenylalanine-restricted diet), n (%)
Absent 21 (24.7)
Present 64 (75.3)

†Age at the start of treatment written in the section on treat-
ment in the survey sheet.

‡One patient had hyperintensity in the deep white matter
around the bilateral ventricles, hyperintensity in the genu, body,
and ampulla of the corpus callosum, and hyperintensity in the
subcortical white matter of the bilateral frontoparietal lobes. The
second patient had white matter lesions around the lateral ventri-
cle triangle.

§Of these two cases, the detailed diagnosis was unknown for
one case. The other case was diagnosed with phenylketonuria.

BH4, tetrahydrobiopterin; HPA, hyperphenylalaninemia; MRI,
magnetic resonance imaging; SD, standard deviation.
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Safety

Of 85 patients included in the safety analysis set, one patient

(1.2%) experienced an increase in alanine aminotransferase

level, which was designated as an adverse drug reaction

(Table 5). This event occurred 50 days after the start of

administration at 8 months of age, but was deemed not serious

and was not associated with any particular clinical symptom.

The patient recovered without complications with continued

treatment. There were two serious AEs: nasopharyngitis

(1.2%) and myocarditis (1.2%). Both AEs were observed in

the same patient, who was younger than 4 years old, and were

deemed unrelated to drug treatment.

Effectiveness

Effectiveness rate

The results of the treatment effectiveness analysis for the 85

patients included in the efficacy analysis set by investigators

at the time of the final observation (at the end of December

2017 or at the final follow-up visit for those who discontinued

treatment before this date) are shown in Table 6. Treatment

was deemed effective in 79 of 85 patients (92.9%, 95% CI:

85.3–97.4) and unevaluable in 6 (7.1%) patients; no patients

were judged to have had ineffective treatment. The reasons for

being unevaluable (according to the investigator) are listed in

Table S1; the most common reasons were poor drug compli-

ance and short observation period. No patients showed a lack

of effectiveness of the drug. Neurocognitive function was not

consistently reported by the study physicians, but where it was

reported, it was considered to be unaffected. Analysis by age

of sapropterin initiation found that treatment was effective in

Table 2 Dosage, administration, and treatment exposure of
sapropterin dihydrochloride

Sapropterin (N = 85)

Daily dose at treatment initiation (mg/kg)
Mean (SD) 10.352 (4.879)
Median (min, max) 9.620 (1.47, 20.06)

Dose categories, mg/kg/day, n (%)
<5 10 (11.8)
≥5–<10 41 (48.2)
≥10–<15 17 (20.0)
≥15–≤20 16 (18.8)
>20 1 (1.2)

Daily dose at the time of final observation (mg/kg)
Mean (SD) 12.036 (5.661)
Median (min, max) 10.840 (1.54, 26.67)

Dose categories, mg/kg/day, n (%)
<5 9 (10.6)
≥5–<10 26 (30.6)
≥10–<15 21 (24.7)
≥15–≤20 24 (28.2)
>20 5 (5.9)

Treatment duration (years)†

Mean (SD) 5.75 (4.47)
Median (min, max) 5.20 (0.2, 17.2)

Treatment duration categories, years, n (%)
<1 14 (16.5)
≥1–<4 24 (28.2)
≥4–<7 11 (12.9)
≥7–<10 26 (30.6)
≥10 10 (11.8)

†Period from the start date of treatment written in the section
of treatment course in the survey sheet to the end date of observa-
tion (the end date of treatment if it is written).

SD, standard deviation.

Table 3 Serum phenylalanine level before the initiation of treat-
ment

Timing n Serum phenylalanine,
mg/dL

Mean (SD) Min, Max

At newborn screening 77 8.53 (3.86) 2.07, 19.59
At pre-study visit 83 9.66 (6.39) 0.48, 36.80
Before BH4 loading test 84 12.00 (7.06) 2.99, 40.00

BH4, tetrahydrobiopterin; SD, standard deviation.

Table 4 Serum phenylalanine levels at BH4 loading tests and
mean change in serum phenylalanine levels from baseline

Test Timing of serum
measurement
after loading

n Serum phenylalanine,
mg/dL

Mean
(SD)

Mean
change (%)

BH4 single-
loading

24 h 65 8.70 (6.98) –32.37

BH4 4-times
loading

4 or 8 h 17 5.54 (1.83) –20.43
24 h 18 5.43 (2.39) –22.01
52 h 18 4.93 (3.10) –32.03

BH4 1-week
loading

4 days 47 5.70 (5.08) –45.86

7 days 48 6.09 (5.54) –41.85

BH4, tetrahydrobiopterin; SD, standard deviation.

Table 5 Incidence of adverse drug reactions†

Category Sapropterin
(N = 85)

Number of patients with adverse drug reactions 1
Number of adverse drug reactions (events) 1
Incidence of adverse drug reactions, %
(95% CI)

1.2 (0.03–6.38)

SOC: Investigations, n (%)† 1 (1.2)
PT: Alanine aminotransferase increased 1 (1.2)

†SOC was used to calculate the number of patients who devel-
oped adverse drug reactions; PT was used to calculate the number
of patients who developed adverse drug reactions (number of
adverse drug reactions).

Adverse drug reactions were categorized per MedDRA/J Ver-
sion 21.0.

CI, confidence interval; MedDRA/J, ICH Medical Dictionary
for Regulatory Activities Japanese edition; PT, preferred term;
SOC, System Organ Class.
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most patients (~93%) in the <4 years’ group (40/43 patients)

and ≥4 years’ group (39/42 patients; Table S2).

Serum phenylalanine levels by age

The mean serum phenylalanine levels according to age are

shown in Figure 1. Serum phenylalanine levels during treat-

ment were maintained below the upper limit of recommended

levels in many of the age groups. None of the patients who

had a serum phenylalanine level above the recommended

range developed clinical symptoms associated with elevated

serum phenylalanine levels.

Comparison of current study results with Phase 3 study
results

In Table 7 the change from baseline in serum phenylalanine

levels were compared with the results from the Phase 3 study

(PKU-003).4 The mean � standard deviation (SD) change

from before the loading test to 6 weeks after administration of

this drug was �6.8 � 5.5 mg/dL, showing no reduction in

efficacy compared with the change of �3.9 � 4.2 mg/dL at

6 weeks after administration in the Phase 3 study. In this

study, the change at the time of the last observation was �6.3

� 6.5 mg/dL, which was similar to the change observed at

6 weeks, indicating sustained efficacy.

Physical growth parameters

Patient height and bodyweight are plotted on a Japanese clini-

cal growth chart12 in Figure S2, shown by age of initiation of

sapropterin. There were no issues with growth throughout the

observation period.

Table 6 Summary of effectiveness

n Sapropterin effectiveness rate, % (95% CI)

Effective 79 92.9 (85.3–97.4)
Ineffective 0 0
Unevaluable 6 7.1

CI, confidence interval.

Fig. 1 Mean (SD) serum phenylalanine levels according to age. Patient numbers at each age are shown below the graph. Data points for
which the sample size was n = 1 do not have an SD value. Shading indicates recommended maintenance serum phenylalanine levels for
each age group in Japan.10 SD, standard deviation.
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Phenylalanine tolerance

Phenylalanine tolerance increased during treatment; the mean

phenylalanine intake at baseline was 445.3 (SD: 356.5)

mg/day (n = 29) and at last observation was 941.0 (SD:

759.7) mg/day (n = 15), and median phenylalanine intake

increased from 320.0 to 800.0 mg/day during the study period.

Treatment outcomes in pregnant women

Two women in their early 30s were confirmed to be pregnant

during treatment. Neither of them developed AEs during preg-

nancy or the perinatal period, and no AEs were observed in

their newborns. Their physicians judged sapropterin dihy-

drochloride treatment to be effective in these patients.

Discussion

At the time of approval for BH4-responsive HPA in Japan, the

safety and efficacy of sapropterin dihydrochloride had been

evaluated in an extremely small number of patients. This 9.5-

year study included all patients with BH4-responsive HPA trea-

ted with sapropterin in Japan, to evaluate the long-term safety

and efficacy of this drug in real-world clinical practice. This is

the first report regarding the use of sapropterin dihydrochloride

in patients with BH4-responsive HPA followed for as long as

9.5 years. In total, 87 patients were enrolled, and sapropterin

treatment was judged to be effective in 79 of the 85 (92.9%)

patients in the efficacy analysis set. We confirmed the BH4-

responsive HPA diagnosis in our cohort using a full battery of

BH4 loading tests, including a 1-week test, which has been

shown to be necessary for identifying all responders.13

Adverse drug reactions occurred in 1.2% (1/85) of the

patients in this study. Approximately one-third (30.6%) of

patients had received 7–10 years’ treatment and about half

(50.6%) of patients were younger than 4 years old, suggesting

an acceptable safety profile of the drug in young patients. This

indicates that there were no safety issues regardless of age

group or treatment duration.

Serum phenylalanine levels were maintained within the

guideline-recommended range in most patients. Those who

showed elevated serum phenylalanine level outside the range

did not develop clinical symptoms associated with elevated

serum phenylalanine levels. Although the number of measured

cases was not sufficient for evaluation, as only a few physi-

cians reported their assessment of patient neurocognitive status

before/during/after treatment, the study physicians concluded

that intelligence, development, motor skills, and language abil-

ity were unimpaired even in the patients with elevated serum

phenylalanine levels, and their school or employment condi-

tion was considered generally good. In addition, growth

parameters were all within the normal range during the course

of treatment. These results are consistent with prior findings

from a long-term study of pediatric BH4-responsive patients

who began treatment with sapropterin before 6 years of age,

in conjunction with a phenylalanine-restricted diet; this study

reported that patients had intellectual ability and growth rates

within normal ranges.14 In 13 of 16 patients whose serum

phenylalanine levels exceeded the upper limit of the recom-

mended range, the dose of sapropterin had not been increased

up to 20 mg/kg/day. Furthermore, the latest Japanese guideli-

nes15 also state that the target blood phenylalanine level

should be 2–6 mg/dL regardless of age or sex, in line with the

target blood phenylalanine level recommended in the USA

and Europe.16,17

It is important to consider increasing the dose of BH4 to

obtain phenylalanine levels with the range recommended by the

latest Japanese treatment guidelines in 2019.15 Based on these

guidelines, if the phenylalanine level does not decrease at BH4

doses below 20 mg/kg/day, an increase in BH4 should be con-

sidered, and when the phenylalanine level still does not fall

within the maintenance range, continued dietary therapy (low-

protein diet, phenylalanine-free milk) should be more strictly

followed.15 Approximately three-quarters of patients in our

study were also following dietary therapy, in addition to saprop-

terin treatment. Clinical studies with sapropterin have demon-

strated that patients can eat a less restrictive diet while on this

treatment, because sapropterin augments the reduction in pheny-

lalanine levels.9,18–20 Indeed, phenylalanine tolerance increased

in the subgroup of patients in our study for whom these data

were available, which supports findings from a previous long-

term study with 5–7 years’ follow up, where oral BH4 treat-

ment (followed by sapropterin) allowed for an increase in toler-

ance to phenylalanine while phenylalanine levels remained

within the age-group-appropriate target range, although patients

in this study were aged >4 years.21 Our study extends these

observations to patients initiating sapropterin treatment before

4 years of age. While protein restriction is a key element of

dietary treatment for PKU, some protein intake from natural

foods is also important because long-term consumption of

phenylalanine-free milk and a low-protein diet is associated

with reduced vitamin and mineral intake.22,23 Not only does the

less restrictive diet offer psychosocial benefits, but it can also

contribute to an improvement in nutritional status and body-

weight, which can be especially important for children.18–20

In the present study, adverse drug reactions due to abnor-

mal laboratory test values were observed in one of 85 patients,

indicating good safety. Our study confirmed that no adverse

drug reactions were observed in patients treated with saprop-

terin 20 mg/kg/day.

Table 7 Change from baseline in serum phenylalanine levels in
this study and a Phase 3 clinical trial

Study Time point Mean (SD)
change from

baseline, mg/dL

Current study† Week 6 (n = 15) –6.8 (5.5)
At final observation (n = 84) –6.3 (6.5)

PKU-003‡4 Week 6 (n = 41) –3.9 (4.2)

†Baseline was defined as the serum phenylalanine level at the
BH4 loading test; ‡Conducted in patients with phenylketonuria.

SD, standard deviation.

© 2021 The Authors. Pediatrics International published by John Wiley & Sons Australia, Ltd on behalf of Japan Pediatric Society

6 of 8 M Tamura et al.



Special attention to metabolic control is needed for female

patients with PKU, because HPA during pregnancy is associ-

ated with a risk of fetal malformations, such as microcephaly

and heart malformation.24,25 Treatment of PKU and HPA is

especially important in pregnant women in order to prevent

complications in newborns.25,26 BH4 is a treatment option for

pregnant women with PKU who have difficulty in controlling

their serum phenylalanine level diet therapy alone.26,27 In the

present study, two women were confirmed to be pregnant dur-

ing treatment; they continued with their treatment and reported

no AEs during the pregnancy or perinatal period. There were

also no AEs in their newborns. This is described in detail in a

separate report.27,28

In Europe and the USA, the approved indication for BH4

has been expanded to include use for children under 4 years of

age, whereas in Japan, the 2009 Japanese Society for Inherited

Metabolic Diseases interim guidelines for the diagnosis and

treatment of BH4-responsive HPA describe treatment for

patients aged under 4 years as follows: “There is limited experi-

ence of use of sapropterin dihydrochloride in children less than

4 years of age. Sufficient informed consent should be obtained

from parents before starting the drug after explaining that the

safety has not been established. In particular, there is little

experience of use of the drug in newborns or infants; therefore,

careful attention is needed, and treatment needs to be started at

a lower dose.”29 Prior to our study, a study in Japan that

included 43 pediatric patients, of whom 21 were aged <4 years

at the initiation of sapropterin treatment, reported that saprop-

terin was both effective and well tolerated.30 The present study

included a larger number of patients, and also demonstrated that

there were no safety or effectiveness issues over the long term

in patients who started the treatment at <4 years of age. Our

results show a comparable incidence of adverse drug reactions

and a comparable proportion of patients for whom treatment

was judged to be effective, between those who started saprop-

terin at <4 years versus ≥4 years, over a similar treatment dura-

tion (~6 years). The results of this study suggest that BH4

treatment is safe and effective in patients with BH4-responsive

HPA, even in patients of a young age.

Limitations

This study has a number of limitations. First, as an observa-

tional study, there was no control group. As BH4-responsive

HPA is a rare disease, only 85 patients were included in either

the effectiveness or safety analysis, which on its own may be

insufficient to fully assess the safety and effectiveness of

sapropterin. However, we believe that 9.5 years of safety and

efficacy data provide clinicians with clinically important infor-

mation on the long-term use of sapropterin in these patients.

Conclusion

The results from this study supporting the long-term safety

and effectiveness of sapropterin in all treated patients with

BH4-responsive HPA in a real-world setting in Japan are clini-

cally important. The cumulative results of this study are

expected to contribute significantly to real-world evidence for

the lifelong treatment of BH4-responsive HPA.
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Additional Supporting Information may be found in the online

version of this article at the publisher’s web-site:

Fig. S1. Patient study populations.

Fig. S2. Patient height and weight plotted on growth stan-

dard charts for Japanese children in (A) males and (B)

females. Growth standard charts show mean, �1 SD, and �2

SD lines (Z-score lines) based on the year 2000 national sur-

vey, which were constructed by LMS method. SD, standard

deviation; y.o., year old.

Table S1. Reasons for cases considered to be unevaluable.

Table S2. Treatment duration, safety and effectiveness of

initiating sapropterin dihydrochloride treatment before or after

4 years of age.
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