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Sapropterin Is Safe and Effective in Patients less than 4-Years-0ld
with BH4-Responsive Phenylalanine Hydroxylase Deficiency

Haruo Shintaku, MD, PhD", and Toshihiro Ohura, MD, PhD?

Objective To assess the safety and efficacy of tetrahydrobiopterin therapy with sapropterin to treat
tetrahydrobiopterin (BH,)-responsive phenylalanine hydroxylase (PAH) deficiency in children aged <4 years
compared with those aged =4 years.

Study design We analyzed a longitudinal follow-up study conducted in all patients with BH,-responsive PAH
deficiency throughout Japan. At the end of 2011, 43 patients were receiving sapropterin, of whom 21 were aged
<4 years at the initiation of treatment. The starting dose of sapropterin was =10 mg/kg/day in 11 of these 21 pa-
tients. The duration of follow-up was =4 years in 6 of those 11 patients; 3 of these 6 were followed for
=10 years. Nine patients were receiving sapropterin monotherapy at the end of 2011.

Results Serum phenylalanine level was maintained within the recommended optimal control range in all 21
patients who started sapropterin treatment before age 4 years. Only 1 nonserious adverse drug reaction
occurred, an elevated alanine aminotransferase level in 1 patient. No significant abnormal behavior related
to nerve disorders was reported.

Conclusion Sapropterin therapy initiated before age 4 years was effective in maintaining serum phenylalanine
level within the favorable range and was safe in Japanese patients with BH,-responsive PAH deficiency. (J Pediatr
2014;165:1241-4).

. ased on clinical trial data, sapropterin dihydrochloride, a tetrahydrobiopterin (BH,) drug, has been approved for the
reatment of BH,-responsive phenylalanine hydroxylase (PAH) deficiency in patients aged =4 years in the US. Since
the drug’s approval, however, many patients aged <4 years have been treated with sapropterin. In Japan, sapropterin
dihydrochloride granules 2.5% (Biopten, Daiichi Sankyo, Japan) was approved in 1992 for treatment of BH, deficiency and in
2008 for treatment of BH,-responsive PAH deficiency.

We previously reported the safety and efficacy of long-term (16 years) treatment with sapropterin in BH,-deficient patients
who started treatment before age 4 years based on postmarketing surveillance in Japan.' Here we report on the long-term safety
and efficacy of sapropterin in patients with BH,-responsive PAH deficiency who started treatment before age 4 years.

Attheend 0f 2011, 43 patients in Japan were receiving BH, therapy with sapropterin, 21 of whom were aged <4 years at the start
of treatment. Only 1 patient aged =4 years was hospitalized. One child aged <4 years and 6 children aged =4 years had a BH,-
responsive sibling. All patients had undergone neonatal phenylketonuria screening and pteridine analysis, along with a dihy-
dropteridine reductase assay that identified them as not BH,-deficient.”

The present postmarketing surveillance study was conducted in 21 medical centers in Japan between 1995 and 2011. During
this period, serum phenylalanine (Phe) concentrations were measured using an automated amino acid analyzer (L-8800; Hi-
tachi, Tokyo, Japan), and serum pteridine concentrations were measured by high-performance liquid chromatography (LC-10;
Shimazu, Kyoto, Japan) after iodine oxidation. Dihydropteridine reductase activity was measured using Guthrie card speci-
mens, as described previously.”

A 1-week loading test (20 mg/kg/day in 2 doses for 7 consecutive days) was
performed to evaluate BH, responsiveness. A 30% decrease in Phe level was From the ‘Department of Pediatrics, Osaka City
defined as BH-responsive hyperphenylalaninemia. University School of Medicine, Osaka, Japan; and

2Department of Pediatrics, Tohoku University School of
Medicine, Sendai, Japan

Supported by the Ministry of Health, Labour and Welfare,
Japan {grant 14427732 to H.S. to produce the manu-
script). H.S. received the data of postmarketing surveil-

.. e . lance of Biopten for BH,-responsive
The clinical characteristics of the study patients and serum Phe levels before sap- hyperphenylalaninemia, H.8, and T.0. received consul-

. . : tant, travel, and lecture fees from Daiichi Sankyo. The
ropterin treatment are presented in Table I. The study cohort comprised 21 anthors declare no Confliot of interest.
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Intemational Congress of inborn Errors of Metabolism,
Barcelona, Spain, September 4, 2013.

BH, Tetrahydrobiopterin
PAH Phenylalanine hydroxylase 0022-3476/% - see front matter. Copyright © 2014 Elsevier Inc.

Phe Phenylalanine - Altrights reserved.
http://cix.doi.org/40. 1016/} jpeds.2014.08.003
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Table L. Patient characteristics, serum Phe level before
BH, treatment, and BH, duration.and dose .

Age at adminisiration
Characteristics <40y 240y
Sex, n
Male 10 12
Female 11 10
Age as of December 2011, y, n
<1 1 0
110 <4 9 0
410 <10 8 9
10 to <16 2 12
>16 1 1
Age at administration, y, n
<1 8 0
110 <4 13 0
410 <10 0 18
10 to <16 0 3
>16 0 1
Complications, n
No 17 15
Yes 4 7
BH,4 combined with diet therapy (at the
end of 2011)
No 9 10
Yes 12 12
Treatment duration, y, n
<1 2 3
1-3 13 18
4-6 1 0
7-10 2 0
>10 3 1
BH, dose, mg/kg, n
<5 203" 23
5t0 <10 87y 11 (1)
10 to <15 87y 5 (6)"
15 to <20 137 3y
=20 20y 1y
Serum Phe level before BH, treatment,
wmol/L, mean + SD (range)
Mass screening (at 5 d after birth) 4721 £ 149.5 667.8 + 282.4
(224.2-818.1)  (242.4-1187.3)
First visit (at hospital visit for thorough  479.3 £ 2140 673.0 4 521.5
checkup) (169.7-981.8)  (66.7-2230.3)
Initial investigation (before BH,- 280.0 = 146.8  420.7 £ 2720
loading test) (78.8-757.6)  (161.2-1266.7)

*Number of patients at initiation (at the end of 2011).

patients in whom treatment was initiated at age <4 years. The
duration of treatment was =4 years in 6 of the 21 patients,
=10 years in 3 of those 6 patients, and >16 years in 1 of
the latter 3 patients.

Serum Phe levels were reduced in response to 3 different
BH,-loading tests. The average reduction in serum Phe level
was 42.2% in the single-loading test, 42.0% in the 4-times
loading test, and 55.4% in the 1-week loading test, with
respective cutoff values of 20%, 30%, and 50%.” Based on
these data, all 21 patients were diagnosed with BH -respon-
sive PAH deficiency (Figure 1).

Phe level according to age at the end of 2011 are shown in
Figure 2, in all patients and by age at treatment initiation
(<4 years or =4 vears). In 11 of the 21 patients who
started sapropterin therapy before age 4 years, the initial
dose was >10 mg/kg day (Table I). The duration of
follow-up was >4 years in 6 of these 11 patients, and
>10 years in 3 of the latter 6 patients (Table I). At the end

1242

of the study period, 9 of the 21 patients were receiving
sapropterin monotherapy.

After 4 years of age all patients were treated with saprop-
terin. Serum Phe levels were maintained within a favorable
range in both groups, with no significant difference between
the groups (Figure 2). Serum Phe levels were maintained
within a favorable range in the 21 patients who started
treatment before age 4 years, but were variable (ranging
from too low to too high) in the 22 patients who did so
after age 4 years (Figure 2). However, there was no
significant difference in mean Phe concentration before
BH, therapy between the 2 age groups.

Al patients responded to sapropterin treatment,
showing reductions in serum Phe levels to within the rec-
ommended optimal control range. Among the 43 patients,
19 were treated with only sapropterin and 24 were treated
with sapropterin plus diet therapy. The mean serum Phe
levels was 368.4 umol/L in the patients who received sap-
ropterin monotherapy and 362.4 pmol/L in those who
received sapropterin with diet therapy, a statistically
nonsignificant difference (P = .10).

Examination of electroencephalograms performed in 7 pa-
tients revealed no abnormalities, and brain magnetic reso-
nance imaging showed an abnormality in only 1 of 8
patients. Adverse events are reported in Table I Only 1
nonserious adverse drug reaction occurred, a mild increase
in alanine aminotransferase level that improved without
the need to stop sapropterin therapy. All 21 patients have
since developed normally, and all of those who have
reached school age are now attending normal schools.

Patients with BH,-responsive PAH deficiency, many of
whom carry the R241C allele, respond to BH, administration.
Although no clear correlation was seen between the reduced
serum Phe levels in the BH,-loading tests and PAH gene mu-
tations, at least 1 mild phenylketonuria mutation or missense
mutation was found in patients with BH,-responsive PAH
deficiency.”

Notably, the duration of treatment was =4 years in 6 of
the 21 patients, =10 years in 3 of those 6 patients, and
>16 years in 1 of these latter 3 patients (who was treated
for hyperphenylalaninemia without BH, deficiency). This
study represents a unique long-term follow-up of patients
with BH,-responsive PAH deficiency. BH,-responsive
PAH deficiency was first reported by Kure et al* in 1999.
All 43 patients with BH,-responsive PAH deficiency in
Japan have been treated with BH, therapy. Sapropterin
was approved for treating BH, deficiency in 1992 in Japan.

Our findings show that the control of serum Phe level in
patients with BH,-responsive PAH deficiency is more even
and effective when sapropterin treatment is initiated before
age 4 years (Figure 2), although there was no significant
difference in mean Phe level between the 2 age groups.
In the patients who started treatment at age =4 years,
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Figure 1. Serum Phe levels and response to BH,-loading tests. A, Single loading test (cutoff, 20%). B, Four-times loading test

(cutoff, 30%). C, One-week administration test (cutoff, 50%).

Phe levels varied more outside of the optimal range
(Figure 2). Furthermore, during their first 4 years of life,
it appears that Phe levels were better controlled within
the optimal range by sapropterin therapy than by diet
therapy, which can lower Phe levels to an excessive
degree (Figure 2). At the end of this study, 19 of the 43
patients with BH -responsive PAH deficiency were treated
with sapropterin monotherapy (Table I), and there was
no significant difference in Phe level between the group
treated with sapropterin monotherapy and the group
treated with sapropterin plus diet therapy.

Sapropterin therapy is safe in this patient population,
which is reassuring because treatment of BH,-responsive
PAH deficiency requires lifetime administration. Of the 21
patients who started treatment before age 4 years, 8 were
aged <1 year, and treatment proved safe and effective in these
children. No adverse side effects were reported, and there was
no drug-related discontinuation of treatment.

Qur safety results are supported by recent reports of sap-
ropterin therapy in 147 patients with BH,-responsive PAH
deficiency with up to 12 years of follow-up in Europe that

e : BHy initiated before age 4 years
- = : BHy initiated over age 4 years

g & 8

Serum Phe level (umol/L)

g

showed no severe adverse events; only 3 patients experienced
adverse events, all of which disappeared when the dose was
lowered.” Leuret et al® evaluated 15 patients under age 4 years
who received sapropterin therapy and concluded, in agree-
ment with our findings, that BH, therapy is efficient and
safe before age 4 years in patients with BH,-responsive
PAH deficiency.

In the US, sapropterin was approved in 2007, and thus
there is only 6 years of safety data on the use of this
drug. In addition, the clinical trials for drug approval
were conducted in children aged =4 years. Thus, the re-
sults of our study, with the longest follow-up reported to
date, provide important assurance that long-term treat-
ment with sapropterin is safe and effective in patients
with BH,-responsive PAH deficiency. m
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Age at administration
Adverse evenis <4y 24y
All adverse events, n (%) 7 (33.3) 7{31.8)
Infection and infestation, n (%) 5(23.8) 4(18.2)
Impetigo 0(0.0) 1(4.6)
Influenza 1(4.8) 1(4.6)
Nasopharyngitis 2 (9.5) 2(8.1)
Adenoiditis 1(4.8) 00.0)
Varicella 1(4.8) 1(4.6)
Respiratory, thoracic, and mediastinal 3(14.3) 3(13.8)

disorders, n (%)

Allergic rhinitis 0 (0.0) 2.1

01 Upper respiratory inflammation 3(14.3) 2(9.1)

A T I 15 2 Clinica!lblood test, n (%) ) 1(4.8) 0(0.0)

Alanine aminotransferase elevation* 1(4.8) 0(0.0)

Agely.0) Injury, poisoning, and procedural 1(4.8) 1(4.8)

complications, n (%)

Figure 2. Phe levels according to patient age at treatment Clavicle fracture 0(0.0) 1(4.6)

initiation and at the end of the study period. The shaded | Skin taceration 1(4.8) 000
area indicates the recommended optimal control range. Multiple events occurred in 1 patient.
*Side effect (nonserious).

Sapropterin Is Safe and Effective in Patients less than 4-Years-Old with BH4-Responsive 1243

Phenylalanine Hydroxylase Deficiency

— 163 —



