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Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

C LI NI C A L S T U D Y P R O T O C O L 

St u d y Titl e: A P h as e 3 b O p e n- L a b el St u d y t o E v al u at e t h e Eff e ct of 
K u v a n ®  o n N e ur o c o g niti v e F u n cti o n, M ai nt e n a n c e of Bl o o d 
P h e n yl al a ni n e C o n c e ntr ati o ns, S af et y, a n d P o p ul ati o n 
P h ar m a c o ki n eti cs i n Y o u n g C hil dr e n wit h P h e n yl k et o n uri a 

P r ot o c ol N u m b e r: P K U- 0 1 5 

I n v esti g ati o n al P r o d u ct: K u v a n ®  (s a pr o pt eri n di h y dr o c hl ori d e; 6 R- B H 4) 

I N D/ E U D R A C T 
N u m b e r: 

0 6 9 7 0 8 

I n di c ati o n: P h e n yl k et o n uri a ( P K U) 

S p o ns o r: Bi o M ari n P h ar m a c e uti c al I n c. 

1 0 5 Di git al Dri v e 

N o v at o, C A 9 4 9 4 9 

D e v el o p m e nt P h as e: P h as e 3 b 

S p o ns o r's R es p o nsi bl e 
M e di c al Offi c e r: 

, M D  
Bi o M ari n P h ar m a c e uti c al I n c. 
1 0 5 Di git al Dri v e 
N o v at o, C A 9 4 9 4 9 

D u r ati o n: 7 y e ars 

D os e: 2 0 m g/ k g/ d a y  

P ati e nt P o p ul ati o n: C hil dr e n a g e 0 t o 6 y e ars 

D at e of O ri gi n al 
P r ot o c ol:  

2 1 M a y 0 8 

D at e of A m e n d m e nt 1 2 5 N o v 0 8 

D at e of A m e n d m e nt 2  3 0 N o v 1 0 

 

P r o p e rt y of Bi o M a ri n 
C O N F I D E N TI A L 

 
M a y n ot b e di v ul g e d, p u blis h e d, o r ot h e r wis e di s cl os e d t o ot h e rs wit h o ut p ri o r w ritt e n a p p r o v al 

f r o m Bi o M a ri n. 
 

T his st u d y will b e c o n d u ct e d a c c o r di n g t o t h e p ri n ci pl es of G o o d Cli ni c al P r a cti c e as d es c ri b e d 
i n t h e U. S. C o d e of F e d e r al R e g ul ati o ns a n d t h e I nt e r n ati o n al C o nf e r e n c e o n H a r m o nis ati o n 

G ui d eli n es, i n cl u di n g t h e a r c hi vi n g of ess e nti al d o c u m e nts. 

 
Bi o M ari n is a r e gist er e d tr a d e m ar k of Bi o M ari n P h ar m a c e uti c al I n c. 
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Pr o pri et ar y a n d C o nfi d e nti al 3 0 N o v e m b er 2 0 1 0 
 

C LI NI C A L S T U D Y P R O T O C O L A M E N D M E N T S U M M A R Y  
 

A m e n d m e nt:  2 

D at e:  3 0 N o v e m b e r 2 0 1 0 

 

 

R A TI O N A L E A N D S U M M A R Y O F C H A N G E S  

T h e f oll o wi n g c h a n g e w as m a d e i n a c c or d a n c e wit h a r e c o m m e n d ati o n b y r e g ul at or y 

a ut h oriti es: 

1.  E x cl usi o n Crit eri a will i n cl u d e a n y us e of a p h os p h o di est er as e t y p e 5 i n hi bit or ( P D E 5 

i n hi bit or) b y a n y st u d y s u bj e ct. 

T h e f oll o wi n g c h a n g es w er e m a d e i n t h e pr ot o c ol f or c o nsist e n c y a n d cl arifi c ati o n b et w e e n 

pr ot o c ol s e cti o ns a n d tr ai ni n g d o c u m e n ts pr o vi d e d t o t h e st u d y sit es.  

2.  Cl arifi c ati o ns f or t h e a d mi nistr ati o n of n e ur o c o g niti v e t esti n g a g e r a n g es a n d fr e q u e n c y 

of a d mi nistr ati o n w er e c h a n g e d wit hi n t h e pr ot o c ol t o m at c h t h e tr ai ni n g m a n u al.  

3.  Di et ar y c h a n g es f or bl o o d P h e r es ults < 1 2 0 μ m ol/ L a n d > 2 4 0 μ m ol/ L ar e cl arifi e d. 

4.  T h e “ St u d y S c h e m ati c ” w as m o difi e d t o r efl e c t t h at S u bst u d y 1 is fr o m W e e k 0 t h o u g h 
M o nt h 6 of t h e 7- y e ar st u d y. 

5.  “ W ei g ht ” w as s e p ar at e d fr o m t h e gr o wt h ass e ss m e nts a n d w as a d d e d t o all st u d y visits, 
i n cl u di n g W e e k 0. H ei g ht a n d h e a d cir c u mf er e n c e w er e r e m o v e d fr o m W e e k 0 w h e n t h e 
W e e k 0 visit is  ≤ 7 d a ys fr o m t h e s cr e e ni n g visit.  

6.  A g es w er e m o difi e d f or t h e p o p ul ati o n P K s a m pl es t o t a k e i nt o a c c o u nt cl osi n g of t h e 
0 t o 1 y e ar ol d a g e gr o u p d u e t o a hi g h er t h a n e x p e ct e d r es p o n d er r at e. T h e n u m b er of 
s u bj e cts u n d er g oi n g P K s a m pli n g w as d e cr e as e d fr o m 3 0 s u bj e cts t o 1 0 s u bj e cts i n t h e 
0 t o 1 y e ar a g e gr o u p a n d i n cr e as e d fr o m t h e fi rst 5 0 s u bj e cts t o t h e first 7 0 s u bj e cts i n 
t h e >  1 t o 6 y e ar a g e gr o u p.  

7.  Bl o o d s a m pli n g ti mi n g w as cl arifi e d. 

8.  A d mi nistr ati o n, d os e r o u n di n g, a n d d ail y d os i n g of i n v esti g ati o n al pr o d u ct (I P) w as 
cl arifi e d.  

9.  T h e S u m m ar y of Ris ks s e cti o n w as u p d at e d t o  c orr es p o n d t o t h e ris ks i n I n v esti g at or 
Br o c h ur e ( v ersi o n 5). 

1 0.  T h e M e di c al M o nit or w as u p d a t e d t o Dr , M D. 
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Pr o pri et ar y a n d C o nfi d e nti al 3 0 N o v e m b er 2 0 1 0 
 

1 1.  T h e Pr o d u ct C h ar a ct eristi cs a n d L a b eli n g s e c ti o n w as m o difi e d t o r efl e ct t h e c ol or 
c h a n g e d u e t o a c h a n g e i n c o m p a cti o n pr o c ess. 

1 2.  Cli ni c al l a b or at or y cl arifi c ati o ns i n cl u d e t h e a d diti o n of c hl ori d e as p a rt of t h e el e ctr ol yt e 
e v al u ati o n i n t h e c h e mistr y p a n el. Uri n al ysis m a y b e p erf or m e d i n t h e cli ni c al l a b or vi a 
“ di psti c k ” i n c hil dr e n t o o y o u n g t o pr o vi d e a uri n e s a m pl e. 

1 3.  E m p h asis w as a d d e d t h at e v er y s u bj e ct s h o ul d c o m pl et e a t er mi n ati o n visit, w hi c h 
s h o ul d o c c ur o n t h e d at e t h at t h e s u bj e ct wit h dr a ws fr o m or c o m pl et es t his st u d y. 

1 4.  I nstr u cti o ns f or t h e 3- M o nt h I nt eri m p h o n e co nt a ct p erf or m e d b et w e e n t h e cli ni c visits 
t h at o c c ur aft er M o nt h 6 m o nt h a n d t hro u g h M o nt h 8 4 w er e cl arifi e d.  Ass ess m e nts 
i n cl u d e w ei g ht, a d v ers e e v e nts/s eri o us a d v ers e e v e nts a n d c o n c o mit a nt m e di c ati o ns, a n d 
dis p e nsi n g of st u d y dr u g. 

1 5.  Cl arifi c ati o n w as m a d e t o st u d y pr o c e d ur es r e g ar di n g pr o c e d ur e ti m e p oi nts. 

1 6.  A b br e vi ati o ns u p d at e d t o m at c h us e i n pr ot o c ol. 
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Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

 

P R O T O C O L A M E N D M E N T T E X T R E VI SI O N S 

T h e f oll o wi n g t a bl e s u m m ari z es t h e r e visi o ns m a d e t o t h e pr ot o c ol a n d r el at es t h e c h a n g es t o t h e a p pr o pri at e  r ati o n al e. T e xt t hat h as 

b e e n a d d e d or i ns ert e d is i n di c at e d b y u n d erli n e d f o nt, a n d d el et e d t e xt is i n di c at e d b y stri k et hr o u g h f o nt.  

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

1/ Titl e P a g e S p o ns o r's R es p o nsi bl e M e di c al Offi c e r: 

, M D 
, Cli ni c al Aff airs 

, M D 
Bi o M ari n P h ar m a c e uti c al I n c. 
1 0 5 Di git al Dri v e 
N o v at o, C A 9 4 9 4 9  

Dr  h as 
r e pl a c e d  Dr.   

 as t h e 
S p o ns or’s 
R es p o nsi bl e M e di c al 
Offi c er 

1 0 

2/ S y n o psis: St u d y 
D esi g n a n d Pl a n 

… H o w e v er, if a s u bj e ct’s bl o o d P h e c o n c e ntr ati o n dr o ps b el o w 1 2 0 μ m ol/ L, at t h e 
dis cr eti o n of t h e i n v esti g at or, a gr a d u al i n cr e as e of a p pr o xi m at el y 5 t o 2 0 m g/ k g  of 
d ail y di et ar y P h e i nt a k e m a y b e a d d e d t o t h e di et. It is i m p ort a nt t o a v oi d u nst a bl e 
s wi n gs i n t h e bl o o d P h e v al u es  i n cr e as e d b y 5 m g/ k g i niti all y a n d m a y b e 
i n cr e as e d f urt h er at t h e dis cr eti o n of t h e I n v esti g at or if t h e s u bj e ct’ s bl o o d P h e 
c o n c e ntr ati o n r e m ai ns b el o w 1 2 0  μ m ol/ L . …... 

Di et ar y c h a n g es 
cl arifi e d 

3 
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Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

2/ S y n o psis: St u d y 
D esi g n a n d Pl a n 

P art 2: N e ur o c o g niti v e St u d y 

N e ur o c o g niti v e Ass ess m e nts  

A g e 

G r o u p  

I nf a n c y  P r es c h o ol  S c h o ol- A g e  

Ass e ss m e nt  B a yl e y-III  W P P SI-III  W P P SI-III WI S C-I V  

A g e  0  m o nt hs  

t hr o u g h 

 < 3 0 m o nt hs

≥  3 0 m o nt hs 

t hr o u g h < 4 y e ars

≥  4 y e ars 

t hr o u g h 

 < 7 y e ars 

≥  7 y e ars a n d 

ol d er  

Fr e q u e n c y  E v er y  6  

m o nt hs  ± 2 

w e e ks  

O n c e a y e ar 

 ± 2 w e e ks 

O n c e a 

y e ar 

 ± 2 w e e ks 

E v er y 

2 y e ars ± 2 w e e ks

 

N e ur o c o g niti v e m e as ur e m e nts i n s u bj e cts 0 -2 y e ars ol d will b e m a d e e v er y si x 
m o nt hs usi n g t h e B a yl e y -III u ntil s u bj e cts r e a c h a ge 3 0 m o nt hs.  Aft er a g e 3 0 
m o nt hs, W P P SI -III will b e a d mi nist er e d u ntil s u bj e cts r e a c h a g e 6 y e ars. S u bj e ct > 
6 y e ars ol d will b e t est e d usi n g WI S C -I V.  N e ur o c o g niti v e t esti n g will b e 
c o n d u ct e d usi n g W P P SI -III a n d WI S C-I V e v er y 1 2 m o nt hs u ntil t h e s u bj e ct 
r e a c h e s a g e 7, t h e n e v er y 2 y e ars t hr o u g h t h e e n d of t h e st u d y.  

T h e B a yl e y-III will b e a d mi nist er e d t o s u bj e cts w h o ar e fr o m 0 m o nt hs t o l ess t h a n 
3 0 m o nt hs of a g e a n d will b e a d mi nist er e d e v er y 6 m o nt hs ± 2 w e e ks. At 3 0 
m o nt hs ol d or ol d er, t h e s u bj e cts will b e a d mi nist er e d t h e W P P SI-III. T h e W P P SI-
III h as t w o f or ms. T h e y o u n g er c hil dr e n will b e a d mi nist er e d t h e first f or m f or a g es 

T a bl e a d d e d a n d 
r e w or d e d f or cl arit y 

2 
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Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

3 0 m o nt hs t o l ess t h a n 4 y e ars ol d. T h e s e c o n d f or m will b e us e d f or s u bj e cts 4 
y e ars of a g e t o l ess t h a n 7 y e ars ol d. T h e W P P SI-III will b e a d mi nist er e d 
y e arl y ± 2 w e e ks. B e gi n ni n g at 7 y e ars ol d, st u d y s u bj e cts will b e a d mi nist er e d t h e 
WI S C-I V e v er y 2 y e ars ± 2 w e e ks.  

Gr o wt h, bl o o d P h e c o n c e ntr ati o n, a n d s a f et y will b e m o nit or e d. T h es e a n d t h e 
n e ur o c o g niti v e ass ess m e nts ,,,  

2/ S y n o psis: St u d y 
D esi g n a n d Pl a n  

S u bst u d y 2: P o p ul ati o n P h a r m a c o ki n eti cs ( P K) i n S u bj e cts 0- 6 Y e a rs Ol d 

F or t h e p o p ul ati o n P K e v al u ati o n, pl as m a s a m pl e s fr o m t h e fir st  3 0  1 0 s u bj e cts 
e nr oll e d i n P art 1 w h o ar e 0- 1 y e ars ol d a n d t h e first  5 0  7 0 s u bj e cts w h o  i n t h e 
> 1- 6 y e ars a g e gr o u p  ( 3 s a m pl es e a c h fr o m s u bj e ct s ≤  1 y e ar ol d; 4 s a m pl e s e a c h 
fr o m s u bj e cts > 1 y e ars ol d) will b e c oll e ct e d … 

B e c a us e of gr e at er 
t h a n e x p e ct e d 
r es p o ns e r at e i n t h e 
u n d er 1 y e ar a g e 
gr o u p t h e 
d e m o gr a p hi cs w er e 
c h a n g e d   

6 

2/ S y n o psis: 
Di a g n osis a n d All 
Crit eri a f or 
I n cl usi o n a n d 
E x cl usi o n 

•  Us e of p h os p h o di est er as e t y p e 5 i n hi bit or,  oft e n s h ort e n e d t o P D E 5 i n hi bit or 
( e g.sil d e n afil citr at e, v ar d e n afil, t a d al afil, a v a n afil, l o d e n afil, mir o d e n afil, 
u d e n afil)  

A d d e d t o E x cl usi o n 
crit eri a p er 
r e c o m m e n d ati o n b y 
r e g ul at or y a ut h oriti es 

1 

2/ S y n o psis: 
I n v esti g ati o n al 
Pr o d u ct(s), D os e, 
R o ut e, a n d 
R e gi m e n 

K u v a n is pr o vi d e d i n t a bl ets of 1 0 0 m g of s a pr o pt eri n di h y dr o c hl ori d e. A d os e of 
2 0 m g/ k g will b e a d mi nist er e d diss ol v e d i n w at er,  or a p pl e j ui c e, or s oft f o o ds, 
b as e d o n s u bj e ct’ s a g e a n d a bilit y, a n d t a k e n or all y o n c e d ail y wit h f o o d. 

S oft f o o ds a d d e d f or 
e as e of a d mi nistr ati o n. 

8 
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Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

S u bst u d y 1: 
S af et y a n d 
Effi c a c y i n 
S u bj e cts 0-
6 Y e a rs Ol d 

 

… K u v a n d os e m a y als o b e r e d u c e d aft er w e e k 5 a n d  aft er c o ns ult ati o n wit h t h e 
M e di c al M o nit or if t h e s u bj e ct d o es n ot t ol er at e t h e 2 0 m g/ k g/ d a y d os e … 

 

Cl arifi c ati o n of d os e 
c h a n g es aft er W e e k 5 

8 

2/ S y n o psis: 
Crit eri a f or 
E v al u ati o n 

Effi c a c y:  

N e ur o c o g niti v e d e v el o p m e nt will b e e v al u at e d b as e d o n I Q m e as ur e d b y t h e a g e-
a p pr o pri at e t ests list e d b el o w:  

•  B a yl e y-III i n a g es 0 t o  <  3 0 m o nt hs 

•  W P P SI-III i n a g es ≥  3 0 m o nt hs t o  < 7 y e ars  ≤  6 y e ars  

•  WI S C-I V i n a g es  ≥  7  y e ars  > 6 y e ars 

Cl arifi c ati o n of a g es  2 
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Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

2. 1/ S c h e d ul e of 
E v e nts 

T a bl e 2. 1: S c h e d ul e of E v e nt, All S u bj e cts  

P a rt 2: L o n g -t e r m Ass ess m e nt of 
N e u r o c o g niti v e A bilit y a n d S af et y b  

 
P a rt 1: E v al u ati o n 

of K u v a n 
R es p o nsi v e n ess a  

S u bst u d y 1:  6 -
M o nt h S af et y 
a n d Effi c a c y c  

 
F oll o w -
u p/ E T V d

 

F r o m A m e n d m e nt 1: 

S c h e d ul e of E v e nt, 
H e a di n g of T a bl e 2. 1 
c h a n g e d.  

1 5 

2. 1/ S c h e d ul e of 
E v e nts 

T a bl e 2. 1: S c h e d ul e of E v e nt, All S u bj e cts  

 

P a rt 1: 
E v al u ati o n of 

K u v a n 
R es p o nsi v e n ess 

(i n cl u d es 
S u bst u d y 2) a  

P a rt 2: L o n g-t e r m Ass ess m e nt of 
N e u r o c o g niti v e A bilit y a n d S af et y b  

 

S u bst u d y 1:  6- M o nt h S af et y 
a n d Effi c a c y 

 
F oll o w-
u p/ E T V d

 

 

Fr o m A m e n d m e nt 2: 
S u bst u d y 1: C h a n g e d 
fr o m M o nt hs 1 t o 6 
( A m e n d m e nt 1) t o 
W e e k 0 t o M o nt h 6 
( A m e n d m e nt 2)  

1 5 
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Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

2. 1/ S c h e d ul e of 
E v e nts 

H ei g ht, w ei g ht , 
h e a d 
cir c u mf er e n c e

X  X  X  X  X X X X X X X X X X  ( X i)

 

W ei g ht d el et e d fr o m 
h ei g ht, w ei g ht a n d 
h e a d cir c u mf er e n c e 

5 

2. 1/ S c h e d ul e of 
E v e nts 

W ei g ht  X X X X X X X X X X X X X X X X X X  X X ( X i)
 

W ei g ht a d d e d t o e v er y 
visit as a s e p ar at e r o w. 

5 

2. 1/ S c h e d ul e of 
E v e nts 

B a yl e y-III q   
 ( a g es 0 t o < 3 0 m o nt hs) 

 

W P P SI-III r 
  (>  3 0 m o nt h s t o 
   < 7 y e ars) ≤  6  y e ars ) 

 

  WI S C-I Vs 
  (≥  7 y e ars) ( > 6 y e ars)  

 

Cl arifi c ati o n of a g e 
r a n g es f or ass ess m e nts

2 

2. 1/ S c h e d ul e of 
E v e nts 

c  M o nt hl y visits s h o ul d o c c ur wit hi n 5 d a y s of s c h e d ul e d ti m e p oi nt (i e, ±  5 d a y s) 
f or M 2, M 3, M 4, M 5 a n d M 6. All visits will o c c ur at t h e cli ni c. 

d F oll o w -u p will b e p erf or m e d f or all s u bj e cts, e v e n if t h e y wit h dr a w e arl y fr o m t h e 

st u d y. S u bj e cts will b e c o nt a ct e d b y t el e p h o n e 4  w e e ks ( 2 8  ±  3 d a ys) aft er t h e l ast 

d os e of st u d y dr u g, u nl ess r e q uir e d  t o r et ur n f or a cli ni c visit (s e e f o ot n ot es i, q, r, 

s, a n d t).   

Cl arifi c ati o n  2, 3, 5, 6, 1 2, 1 4,  

1 5 



 P K U- 0 1 5  P a g e  1 0  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

d  E v er y s u bj e ct s h o ul d c o m pl et e a F oll o w- u p or T er mi n ati o n visit t o e n d t h eir 

p arti ci p ati o n i n t h e st u d y. F oll o w- u p vis it is p erf or m e d f or s u bj e cts w h o c o m pl et e 

o nl y P art 1 of t h e st u d y, or w h o ar e e nr oll e d i nt o P art 2 a n d c o m pl et e P art 2.  T h e 

T er mi n ati o n visit is c o m pl et e d b y s u bj e cts w h o wit h dr a w or ar e dis c o nti n u e d fr o m 

t h e st u d y.  S u bj e cts will b e c o nt a ct e d b y t el e p h o n e 4 w e e ks ( 2 8 ±  3 d a y s) aft er t h e 

l ast d os e of st u d y dr u g, u nl ess r e q uir e d t o r et ur n f or a cli ni c visit (s e e f o ot n ot es i, 

q, r, s, a n d t).  

e  All st u d y pr o c e d ur es f or t h e W 0 visit m u st o c c ur b ef or e t h e first d os e of st u d y 
dr u g is t a k e n d uri n g t h at visit. S u bj e cts w ill r e c ei v e t h eir first d os e of st u d y dr u g 
u n d er o bs er v ati o n aft er all ot h er pr o c e d ur es h a v e b e e n p erf or m e d. P h y si c al 
e x a mi n ati o n, cli ni c al l a b or at or y t ests, h ei g ht, w ei g ht,  a n d h e a d cir c u mf er e n c e 
m e as ur e m e nts will b e r e p e at e d o nl y if t h e W 0 visit is > 7 d a y s aft er t h e 
S cr e e ni n g visit. 

e S u p ers cri pt “ e ” a d d e d t o W O a n d r e m o v e d fr o m h ei g ht a n d h e a d cir c u mf er e n c e, 
p h y si c al e x a mi n ati o n, a n d l a b or at or y t e st ass ess m e nt s i n t h e W e e k O c o m u m n.  

i  S u p ers cri pt “i ” r e m o v e d fr o m n e ur o c o g niti v e ass ess m e nts at F oll o w – u p/ E T V 
j Cli ni c al l a b or at or y t ests i n cl u d e h e m at ol o g y, c h e mistr y, a n d uri n al y sis. Uri n al y sis 

m a y b e  p erf or m e d i n t h e cli ni c al l a b or vi a “ di psti c k ” i n c hil dr e n t o o y o u n g t o 

pr o vi d e a uri n e s a m pl e.  

o  If a s u bj e ct’s bl o o d P h e c o n c e ntr ati o n dr o ps b el o w 1 2 0 μ m ol/ L, at t h e dis cr eti o n 
of t h e i n v esti g at or , t h e s u bj e ct’ s di et ar y P h e r estri cti o n will m a y b e m o difi e d t o 
all o w a gr a d u al  i n cr e as e d i nt a k e of a p pr o xi m at el y 5- 2 0 m g/ k g of P h e p er d a y, 
a v oi di n g u nst a bl e s wi n gs i n t h e bl o o d P h e v al u e s..  



 P K U- 0 1 5  P a g e  1 1  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

q  B a yl e y-III, p erf or m e d wit hi n 6 w e e ks of d et er mi n ati o n of K u v a n r es p o nsi v e n ess 

i n K u v a n-r es p o nsi v e s u bj e cts a n d at e v er y 6 m o nt hs i nt er v als t h er e aft er u ntil t h e 

s u bj e ct is ≥  3 0 m o nt hs ol d. At t h at ti m e, t h e s u bj e ct will b e ass ess e d usi n g t h e 

W P P SI-III t est. If a s u bj e ct l e a v es t h e st u d y b et w e e n 4 t o 6 m o nt hs aft er t h e 

pr e c e di n g B a yl e y-III ass ess m e nt, t his t est, or t h e W P P SI-III t est if t h e s u bj e ct is 

ol d er t h a n  ≥ 3 0 m o nt hs at dr o p o ut, will b e d o n e at f oll o w- u p.  

r W P P SI-III, p erf or m e d wit hi n 6 w e e ks of d et er mi n ati o n of K u v a n r es p o nsi v e n ess 

i n K u v a n-r es p o nsi v e s u bj e cts, t h e n y e arl y t h er e aft er u ntil t h e s u bj e ct is ≥ 7 y e ars 

ol d >  6  y e ars ol d . At t h at ti m e, t h e s u bj e ct will b e ass ess e d usi n g t h e WI S C-I V 

t est. If a s u bj e ct l e a v e s t h e st u d y b et w e e n 9 m o nt hs a n d 1 y e ar aft er t h e pr e c e di n g 

W P P SI-III ass ess m e nt, t his, or t h e WI S C-I V t est if t h e s u bj e ct is ol d er t h a n 

7 y e ars at dr o p o ut, will b e d o n e at f oll o w- u p. 
s T h e W P P SI-III h as t w o f or ms. T h e y o u n g er c hil dr e n will b e a d mi nist er e d t h e first 

f or m f or a g es 3 0 m o nt hs u p t o 4 y e ars ol d. T h e s e c o n d f or m will b e us e d f or 

s u bj e cts 4 y e ars of a g e u p t o 7 y e ars ol d.  

ts WI S C-I V, p erf or m e d wit hi n 6 w e e ks of d et er mi n ati o n of K u v a n r es p o nsi v e n ess 
i n K u v a n-r es p o nsi v e s u bj e cts a n d e v er y 2 y e ars  y e arl y t h er e aft er. If a s u bj e ct 
l e a v es t h e st u d y b et w e e n 9 m o nt hs a n d 1 y e ar aft er t h e pr e c e di n g WI S C- VI 
ass ess m e nt, t his t est will b e d o n e at f oll o w- u p. 

u T h e W P P SI-III or WI S C-I V will c o nti n u e t o  b e a d mi nist er e d o n a n a n n u al or bi-
a n n u al b asis, d e p e n d e nt o n s u bj e ct’s  a g e, at m o nt hs, 6 0, 7 2 a n d 8 4.  

u S u p ers cri pt “ u ” a d d e d t o WI S C-I V n e ur o c o g niti v e ass ess m e nt i n t h e M 6 0/ M 8 4 
c ol u m n.  



 P K U- 0 1 5  P a g e  1 2  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

v 3- M o nt h i nt eri m p h o n e c o nt a ct s h o ul d o c c ur wit hi n 1 w e e k of s c h e d ul e d 
ti m e p oi nt (i e, ±  1 w e e k). P h o n e c alls will b e p erf or m e d b et w e e n cli ni c visits t h at 
o c c ur aft er m o nt h 6 a n d t hr o u g h M o nt h 8 4.  S u bj e cts will b e c o nt a ct e d b y 
t el e p h o n e t o d o c u m e nt t h e s u bj e ct's w ei g ht, st u d y dr u g s u p pl y, A Es, a n d C o n 
M e ds.   
v S u p ers cri pt “ v ” r e m o v e d fr o m H ei g ht, h e a d cir c u mf er e n c e  a n d a d d e d t o t h e P art 
2: L o n g-t er m Ass ess m e nt of N e ur o c o g niti v e A bilit y a n d S af et y.  

w t T h e p o p ul ati o n P K st u d y will b e p erf or m e d usi n g 8 0 s u bj e cts, wit h at l e ast 3 0  
1 0  s u bj e cts 0- 1 y e ars ol d, a n d 5 0 7 0 s u bj e cts > 1- 6 y e ars ol d w h o e nr oll i n P art 1 
of t h e st u d y. S e e S e cti o n 1 2. 3 f or d et ails. 

4/ List of 
A b br e vi ati o ns a n d 
D efi niti o ns of 
T er ms 

P D E 5  P h os p h o di est er as e t y p e 5 i n hi bit or  

 

A b br e vi ati o ns u p d at e d 
t o m at c h us e i n 
pr ot o c ol 

1 6 

7. 4. 1/ S u m m ar y of 
Ris ks 

T h e m ost s eri o us a d v ers e r e a cti o ns d ur i n g K u v a n a d mi nistr ati o n (r e g ar dl ess of 

r el ati o ns hi p t o tr e at m e nt) w er e g astritis, s pi n al c or d i nj ur y, str e pt o c o c c al i nf e cti o n, 

t esti c ul ar c ar ci n o m a, a n d urin ar y tr a ct i nf e cti o n. Mil d t o m o d er at e n e utr o p e ni a w as 

n ot e d d uri n g K u v a n a d mi nistr ati o n i n 2 4 of 5 7 9  s u bj e cts ( 4 %). T h e m ost c o m m o n 

(≥ 4 % of s u bj e cts tr e at e d wit h K u v a n) a cr oss all st u di es ( n  =  5 7 9) w er e h e a d a c h e, 

di arr h e a, a b d o mi n al p ai n, u p p er r es pir at or y tr a ct i nf e cti o n, p h ar y n g ol ar y n g e al p ai n, 

v o miti n g, a n d n a us e a.  

A d v ers e r e a cti o ns h a v e us u a ll y b e e n mil d a n d tr a nsi e nt. T h e i nt e gr at e d s af et y 
d at a b as e c o nsists of 5 7 9 p ati e nts i n K u v a n cli ni c al tri als. T h es e p ati e nts w er e 
tr e at e d at d ail y d os es of 5 m g/ k g, 1 0 m g/ k g, or 2 0 m g/ k g, fr o m 8 d a y s t o o v er 

C h a n g e d a d v ers e 
r e a cti o n p ar a gr a p h 
fr o m t e xt i n t h e 
p a c k a g e i ns ert t o t e xt 
fr o m t h e 
I n v esti g at or’ s 
Br o c h ur e 

9 



 P K U- 0 1 5  P a g e  1 3  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

6 m o nt hs.  N o d os e-r el at e d or e xt e nt of e x p os ur e-r el at e d c h a n g e i n fr e q u e n c y of 
A Es w as o bs er v e d. Si x s eri o us a d v ers e e v e nts  o c c urr e d i n cli ni c al tri als, n o n e w er e 
c o nsi d er e d t o b e st u d y dr u g r el at e d. O n e s u bj e ct wit h dr e w fr o m a cli ni c al tri al d u e 
t o a n A E of pr e g n a n c y. T h e m o st fr e q u e nt A Es t h o u g ht t o b e r el at e d t o K u v a n i n 
pl a c e b o- c o ntr oll e d tri als w er e p h ar y n g ol ar y n g e al p ai n, a n d r hi n orr h o e a. T h e m o st 
fr e q u e ntl y r e p ort e d a d v ers e r e a cti o ns i n all cli ni c al tri als ( > 4 %), r e g ar dl ess of 
r el ati o ns hi p t o st u d y dr u g, w er e h e a da c h e, di arr h e a, a b d o mi n al p ai n, u p p er 
r es pir at or y tr a ct i nf e cti o n, p h ar y n g ol ar y n g e al p ai n, v o miti n g, a n d n a us e a.  Mil d t o 
m o d er at e n e utr o p e ni a w as n ot e d d uri n g K u v a n a d mi nistr ati o n i n 2 4 of 5 7 9 s u bj e cts 
( 4 %) a n d i n 3 of 5 9 s u bj e cts r e c ei vi n g pl a c e b o ( 5 %). 

9. 1/ O v er all St u d y 
D esi g n a n d Pl a n 

Fi g ur e 9. 1. 1  P e di atri c S af et y a n d 
Effi c a c y cl arifi e d 

4 

9. 1/ O v er all St u d y 
D esi g n a n d Pl a n 

P art 1: E v al u ati o n of K u v a n R es p o nsi v e n ess 

 
B e gi n ni n g at W e e k 0 … H o w e v er, if a s u bj e ct’s bl o o d P h e c o n c e ntr ati o n dr o p s 
b el o w 1 2 0 μ m ol/ L, at t h e dis cr eti o n of t h e i n v esti g at or, a gr a d u al i n cr e as e of 
a p pr o xi m at el y 5 t o 2 0 m g/ k g of  d ail y di et ar y P h e i nt a k e m a y b e a d d e d t o t h e di et. 
It is i m p ort a nt t o a v oi d u nst a bl e s wi n gs i n t h e bl o o d P h e v al u es i n cr e as e d b y 
5  m g/ k g i niti all y a n d m a y b e i n cr e as e d f urt h e r at t h e dis cr eti o n of t h e I n v esti g at or 
if t h e s u bj e ct’s bl o o d P h e c o n ce ntr ati o n r e m ai ns b el o w 1 2 0  μ m ol/ L . …. 

Di et ar y c h a n g es 
cl arifi e d 

3 



 P K U- 0 1 5  P a g e  1 4  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

9. 1/ O v er all St u d y 
D esi g n a n d Pl a n 

P art 2: N e ur o c o g niti v e St u d y 

S u bj e cts w h o ar e r es p o nsi v e t o K u v a n (s e e t h e d efi niti o n of r es p o nsi v e n ess i n 

I n cl usi o n a n d E x cl usi o n Eli gi bilit y Crit eri o n) will … T h e t y p es of n e ur o c o g niti v e 

t ests us e d (i e, B a yl e y S c al e of I nf a nt a n d T o d dl er D e v el o p m e nt ® T hir d E diti o n 

[ B a yl e y-III], W e c hsl er Pr es c h o ol a n d Pri m ar y S c al e of I nt elli g e n c e ™ T hir d 

E diti o n [ W P P SI III], a n d/ or W e c hsl er I n t elli g e n c e S c al e f or C hil dr e n ® F o urt h 

E diti o n [ WI S C I V]), will b e t h os e c o nsi d er e d a p pr o pri at e f or t h e s u bj e ct’s a g e. 

N e ur o c o g niti v e m e as ur e m e nts i n s u bj e cts 0 -2 y e ars ol d will b e m a d e e v er y si x 

m o nt hs usi n g t h e B a yl e y -III u ntil s u bj e cts r e a c h a g e 3 0 m o nt hs. Aft er a g e 3 0 

m o nt hs, W P P SI I II will b e a d mi nist er e d u ntil s u bj e cts r e a c h a g e 7  6 y e ars. S u bj e cts 

≥  7 y e ars ol d  >  6 y e ars ol d will b e t est e d usi n g WI S C I V. N e ur o c o g niti v e t esti n g 

will b e c o n d u ct e d usi n g W P P SI III a n d WI S C -I V e v er y 1 2 m o nt hs u ntil t h e s u bj e ct 

r e a c h e s a g e 7, t h e n t h e WI S C-I V e v er y 2 y e ars  y e arl y t hr o u g h t h e e n d of t h e st u d y. 

N e ur o c o g nit i v e m e a s ur e m e nts i n s u bj e cts 0-2  y e ars ol d will b e m a d e e v er y 

6  m o nt hs usi n g t h e B a yl e y -III u ntil s u bj e cts r e a c h a g e 3 0  m o nt hs. Aft er 

a g e  3 0  m o nt hs, W P P SI -III will b e a d mi nist er e d u ntil s u bj e cts r e a c h a g e 7  y e ars. 

S u bj e cts ≥  7 y e ars ol d will b e t est e d usi ng WI S C -I V. N e ur o c o g niti v e t esti n g will 

b e c o n d u ct e d usi n g W P P SI -III e v er y 1 2 m o nt hs u ntil t h e s u bj e ct r e a c h es a g e  7, 

t h e n t h e WI S C-I V e v er y 2 y e ars t hr o u g h t h e e n d of t h e st u d y. Gr o wt h, bl o o d P h e 

c o n c e ntr ati o n, a n d s af et y will b e m o nit or e d. T h es e ass ess m e n ts will b e p erf or m e d 

e v er y 6  t o 2 4 m o nt hs, d e p e n di n g o n t h e t y p e of  ass ess m e nt, u ntil t h e e n d of t h e 

st u d y. R ef er t o T a bl e 2. 1  f or d et ails. 

 

Cl arifi c ati o n of a g e 
r a n g es f or ass ess m e nts

2 



 P K U- 0 1 5  P a g e  1 5  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

T a bl e 9. 1. 1 N e u r o c o g niti v e Ass ess m e nts  

A g e 

G r o u p 

I nf a n c y  P r es c h o ol   S c h o ol- A g e  

Ass ess m e nt  B a yl e y-III   W P P SI-III   W P P SI-III  WI S C-I V  

A g e  0  m o nt hs  

t hr o u g h 

 < 3 0 m o nt hs

≥  3 0 m o nt hs 

t hr o u g h < 4 y e ars

≥  4 y e ars 

t hr o u g h 

 < 7 y e ars 

≥  7 y e ars a n d 

ol d er 

Fr e q u e n c y  E v er y  6  

m o nt hs  ± 2 

w e e ks 

O n c e a y e ar 

 ± 2 w e e ks 

O n c e a 

y e ar 

 ± 2 w e e ks 

E v er y 

2 y e ars ± 2 w e e ks

 

T h e B a yl e y-III will b e a d mi nist er e d t o s u bj e cts w h o ar e fr o m 0 m o nt hs t o 3 0 
m o nt hs of a g e a n d will b e a d mi nist er e d e v er y 6 m o nt hs ± 2 w e e ks. At 3 0 m o nt hs 
ol d or ol d er, t h e s u bj e cts will b e a d mi nist er e d t h e W P P SI-III. T h e W P P SI-III h as 
t w o f or ms. T h e y o u n g er c hil dr e n will b e a dmi nist er e d t h e first f or m f or a g es 3 0 
m o nt hs t o 4 y e ars ol d. T h e s e c o n d f or m will b e us e d f or s u bj e cts 4 y e ars of a g e t o 
7 y e ars ol d. T h e W P P SI-III will b e a d mi nist er e d y e arl y ± 2 w e e ks. B e gi n ni n g at 7 
y e ars ol d st u d y, s u bj e cts will b e a d mi nist er e d t h e WI S C I V e v er y 2 y e ars ± 2 
w e e ks.  

Gr o wt h, bl o o d P h e c o n c e ntr ati o n, a n d s af e t y will b e m o nit or e d. T h es e ass ess m e nts 
will b e p erf or m e d e v er y 6 t o 2 4 m o nt hs, d e p e n di n g o n t h e t y p e of ass ess m e nt, u ntil 
t h e e n d of t h e st u d y. R ef er t o T a bl e 2. 1 f or d et ails. 



 P K U- 0 1 5  P a g e  1 6  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

T h e st u d y will b e c o nsi d er e d c o m pl et e w h e n a p pr o xi m at el y 4 5 s u bj e cts h a v e b e e n 
f oll o w e d f or 7 y e ars a n d h a v e at l e ast 2 p ost-tr e at m e nt W P P SI III a n d/ or WI S C I V 
t ests a d mi nist er e d 2 y e ars a p art. 

Aft er st u d y c o m pl eti o n, s u bj e cts will b e gi v e n t h e o p p ort u nit y t o p arti ci p at e i n a 
r e gistr y st u d y t h at will f oll o w l o n g er t er m o ut c o m es. 

S u bst u d y 1:  

S af et y a n d 

Effi c a c y i n 

S u bj e cts 0- 6 

Y e a rs Ol d 

K u v a n d os e m a y als o b e r e d u c e d aft e r w e e k 5 a n d  aft er c o ns ult ati o n wit h t h e 
M e di c al M o nit or if t h e s u bj e ct d o es n ot t ol er at e t h e a p pr o xi m at el y 5- 2 0 m g/ k g/ d a y 
d os e. 

Cl arifi c ati o n of w h e n 
t h e d os e m a y b e 
c h a n g e d. 

8 

9. 1/ O v er all St u d y 
D esi g n a n d Pl a n 

F or t h e p o p ul ati o n P K e v al u ati o n, t h e first 3 0  1 0 s u bj e cts i n t h e 0- 1 y e ar a g e gr o u p 
a n d t h e first 5 0  7 0 s u bj e cts i n t h e > 1- 6 y e ar a g e gr o u p …. 

B e c a us e of gr e at er 
t h a n e x p e ct e d 
r es p o ns e r at e i n t h e 
u n d er 1 y e ar a g e 
gr o u p t h e 
d e m o gr a p hi cs w er e 
c h a n g e d   

6 

9. 2/ Dis c ussi o n of 

St u d y D esi g n, 

I n cl u di n g C h oi c e 

of C o ntr ol Gr o u p 

 

… D uri n g S u bst u d y 1 ( M o nt hs 2 –  6), s af et y a n d effi c a c y ass ess m e nts will b e 
c o n d u ct e d w e e kl y d uri n g W e e k 0 t o W e e k 4, t h e n  m o nt hl y f or M o nt hs 2 t hr o u g h 
M o nt h 6.  

Cl arifi c ati o n of 
pr o c e d ur es 

1 5 



 P K U- 0 1 5  P a g e  1 7  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

9. 3. 2/ E x cl usi o n 
Crit eri a 

•  Us e of p h os p h o di est er as e t y p e 5 i n hi bit or,  oft e n s h ort e n e d t o P D E 5 i n hi bit or 
( e g.sil d e n afil citr at e, v ar d e n afil, t a d al afil, a v a n afil, l o d e n afil, mir o d e n afil, 
u d e n afil)  

A d d e d t o E x cl usi o n 
crit eri a p er 
r e c o m m e n d ati o n b y 
r e g ul at or y a ut h oriti es 

1 

9. 4. 1/ Tr e at m e nts 
A d mi nist er e d 

I n P art 1, b e gi n ni n g at W e e k 0, su bj e cts will r e c ei v e K u v a n at a d os e of 2 0 
m g/ k g/ d a y or all y, pr o vi d e d i n t a bl ets t h at e a c h c o nt ai n 1 0 0 m g of s a pr o pt eri n, f or a 
t ot al of 4 w e e ks. All st u d y dr u g will b e t ak e n i n t h e diss ol v e d f or m t hr o u g h o ut t h e 
st u d y . F or e as e i n a d mi nistr ati o n a n d i nstr u ctio n t o t h e f a mili es, t h e d os e c a n als o 
b e r o u n d e d u p or d o w n:  

F or c hil dr e n w h o ar e ol d er a n d c a n t a k e t h eir m e di c ati o n fr o m a c u p or gl ass, 
r o u n di n g of t h e d os e t o t h e n e ar est w h ol e t a blet is a c c e pt a bl e. F or e x a m pl e, a c hil d 
w ei g hi n g 1 1 k g w o ul d h a v e a d os e of 2 2 0 m g  of K u v a n w hi c h t h at m a y b e r o u n d e d 
d o w n t o 2 0 0 m g ( 2 t a bl ets). A c hil d w ei g hi n g 1 4 k g w o ul d h a v e a d os e of 2 8 0 m g 
t h at m a y b e r o u n d e d u p t o 3 0 0 m g ( 3 t a bl ets). 

W h et h er t h e d os e is d et er mi n e d usi n g T a bl e 9. 4. 4. 1 or b y r o u n di n g t h e d os a g e u p 
or d o w n, b e c o nsist e nt wit h t h e m et h o d. T his is es p e ci all y i m p ort a nt t hr o u g h W e e k 
4 w h e n r es p o nsi v e n ess is b ei n g d et er mi n e d.  

T h e first d os e i n P art 1 will b e t a k e n at  t h e W e e k 0 visit u n d er o bs er v ati o n, aft er 
t h e c o m pl eti o n of all ot h er st u d y pr o c e d ur es. T h e r e m ai ni n g d os es i n P art 1 will b e 
t a k e n d ail y at t h e s a m e ti m e wit h t h e m or ni n g m e al wit h f o o d t o i n cr e as e 
a bs or pti o n, pr ef er a bl y at t h e s a m e ti m e e a c h d a y. T h e K u v a n d os e c a n n ot b e 
a dj ust e d d uri n g P art 1 wit h o ut c o ns ult ati o n wit h t h e M e di c al M o nit or. S u bj e cts 
w h o ar e e nr oll e d i nt o P art 2 will i niti all y c o nti n u e t o t a k e 2 0 m g/ k g/ d a y K u v a n 
wit h t h e m or ni n g m e al  at t h e s a m e ti m e e a c h d a y wit h a m e al. Aft er w e e k 5, at t h e 
dis cr eti o n of t h e I n v esti g at or a n d aft er c o ns ult ati o n wit h t h e M e di c al M o nit or, a 

D os e a d mi nistr ati o n 
a n d r o u n di n g cl arifi e d 

8 



 P K U- 0 1 5  P a g e  1 8  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

s u bj e ct’s K u v a n d os e m a y b e l o w er e d if  t h e s u bj e ct d o es n ot t ol er at e t h e 2 0 
m g/ k g/ d a y d os e. 

9. 4. 2. 1/ P r o d u ct 

C h a r a ct e risti cs 

a n d L a b eli n g 

… T a bl ets ar e r o u n d, r a n gi n g fr o m  off w hit e t o li g ht y ell o w, li g ht or a n g e/ pi n k, 
b ei g e, or m ottl e d (s p e c kl e d) a p p e ar a n c e , a n d d e b oss e d wit h “ 1 7 7 ”. 

T a bl et c ol or cl arifi e d  1 1 

9. 4. 4/ Dir e cti o ns 
f or A d mi nistr ati o n 

K u v a n (s a pr o pt eri n di h y dr o c hl ori d e) t a bl ets s h o ul d b e a d mi nist er e d or all y at t h e 
m or ni n g m e al  wit h f o o d t o i n cr e as e a bs or pti o n, pr ef er a bl y at t h e s a m e ti m e e a c h 
d a y wit h a m e al. K u v a n t a bl ets c a n  s h o ul d b e diss ol v e d i n 4 t o 8 o z. ( 1 2 0 t o 2 4 0 
m L) of w at er or a p pl e j ui c e … all of t h e m e di ci n e is t a k e n. A d mi nistr ati o n of 
cr us h e d K u v a n t a bl ets m a y als o b e stirr e d i n s oft f o o ds s u c h as a p pl e s a u c e or 
l e m o n p u d di n g. A mis s e d d os e … 

At t h e dis cr eti o n of t h e I n v esti g at or, t a bl ets m a y b e diss ol v e d i n as littl e as 5 m L 
w at er or a p pl e j ui c e p er t a bl et , b as e d o n t h e s u bj e ct’ s si z e a n d c a p a bilit y. F or 
i nf a nts w ei g hi n g < 5 k g, a si n gl e K u v a n t a bl et … of t his K u v a n s ol uti o n. A d o si n g 
t a bl e f or s u bj e cts w ei g hi n g 2 0 1 0 k g a n d l ess is s h o w n b el o w ( T a bl e 9. 4. 4. 1). 

S oft f o o ds a d d e d f or 
e as e of a d mi nistr ati o n. 

8 



 P K U- 0 1 5  P a g e  1 9  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

9. 4. 4/ Dir e cti o ns 
f or A d mi nistr ati o n 

T a bl e 9. 4. 4. 1:  K u v a n D osi n g T a bl e f or Y o u n g C hil dr e n 

C hil d’s 
W ei g ht 

( k g) 

D os e Gi v e n 

( Milli g r a ms) 
m L of 

S ol uti o n 

N o. of 1 0 0 
m g T a bl ets 
Diss ol v e d 

m L 
A d mi nist e r e d t o 

S u bj e ct 

1  2 0   5   1   1  

2  4 0   5   1   2  

3  6 0   5   1   3  

4  8 0   5   1   4  

5  1 0 0   5   1   5  

6  1 2 0  1 0   2   6  

7  1 4 0  1 0   2   7  

8  1 6 0  1 0   2   8  

9  1 8 0  1 0   2   9  

1 0  2 0 0   1 0   2   1 0  

1 1  2 2 0  1 5  3 1 1  

1 2  2 4 0  1 5  3 1 2  

D os e a d mi nistr ati o n 
cl arifi c ati o n 

8 



 P K U- 0 1 5  P a g e  2 0  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

1 3  2 6 0  1 5  3 1 3  

1 4  2 8 0  1 5  3 1 4  

1 5  3 0 0  1 5  3 1 5  

1 6  3 2 0  2 0  4 1 6  

1 7  3 4 0  2 0  4 1 7  

1 8  3 6 0  2 0  4 1 8  

1 9  3 8 0  2 0  4 1 9  

2 0  4 0 0  2 0  4 2 0  
 

9. 4. 6. 1/ S el e cti o n 
of Ti mi n g of D os e 
f or E a c h S u bj e ct 

T a ki n g t h e d ail y d os e i n t h e m or ni n g  at t h e s a m e ti m e of d a y wit h a m e al m a y h el p 
t o f a cilit at e tr e at m e nt c o m pli a n c e. 

D os e a d mi nistr ati o n 
cl arifi c ati o n 

8 



 P K U- 0 1 5  P a g e  2 1  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

9. 6/ Di et ar y or 
Ot h er Pr ot o c ol 
R estri cti o ns 

S u bj e cts a n d t h eir p ar e nt(s) or g u ar di a n(s)  m ust b e willi n g t o a d h er e t o a pr es cri b e d 
P h e r estri ct e d di et i n or d er t o m ai nt ai n bl o o d P h e c o n c e ntr ati o ns wit hi n t h e 
r e c o m m e n d e d r a n g es est a blis h e d at t h e s u bj e ct’s st u d y sit e. T h e g o al f or bl o o d P h e 
c o n c e ntr ati o n d uri n g t h e st u d y is ≤  2 4 0 µ m ol/ L. F oll o wi n g st a n d ar d of c ar e, all 
s u bj e cts a n d t h eir p ar e nt(s) or g u ar di a n( s) will m e et wit h a st u d y di eti ci a n  
n utriti o nist  at e a c h visit t o r e vi e w di et ar y P h e i nt a k e. A 3 d a y di et ar y r e c or d … 

Cl arifi c ati o n  3  

9. 6/ Di et ar y or 
Ot h er Pr ot o c ol 
R estri cti o ns 

If bl o o d P h e l e v els f all b el o w 1 2 0 µ m ol/ L, di et ar y P h e m a y b e a d d e d … b e 
m o nit or e d cl os el y. I n cr e as es i n P h e s u p p l e m e nt will b e b as e d o n bl o o d P h e l e v el, 
a g e, a n d  i d e al b o d y w ei g ht f or a s u bj e ct’s g e n d er, w ei g ht, a n d h ei g ht. 

•  If a s u bj e ct’s bl o o d P h e f alls b el o w 1 2 0 μ m ol/ L, at t h e dis cr eti o n of t h e 
i n v esti g at or, a gr a d u al i n cr e as e of a p pr o xi m at el y 5- 2 0 m g/ k g of P h e 
s u p pl e m e nt m a y b e a d d e d t o t h e di et. It is i m p ort a nt t o a v oi d u nst a bl e 
s wi n gs i n t h e bl o o d P h e v al u es  

•  If a s u bj e ct’s bl o o d P h e l e v el g o es a b o v e 2 4 0 μ m ol/ L, di et ar y P h e will  m a y 
b e d e cr e as e d b y a p pr o xi m at el y 5 t o 2 0 m g/ k g or d efi n e d b y t h e st a n d ar d 
us e d at e a c h tr e at m e nt c e nt er, at t h e dis cr eti o n of t h e i n v esti g at or. 

Di et ar y c h a n g es 
cl arifi e d 

3 

9. 7. 1. 2/ P h y si c al 
E x a mi n ati o n 
Fi n di n g s 

C o m pl et e p h y si c al e x a mi n ati o ns will i n cl u d e t h e e v al u ati o n of all m aj or b o d y 

s y st e ms, h ei g ht, w ei g ht, a n d h e a d cir c u mf er e n c e. Ot h er b o d y s y st e ms m a y b e 

e x a mi n e d. D a y 1  W e e k 1 of P art 1 r es ults will b e t h e b as eli n e v al u es, a n d cli ni c all y 

si g nifi c a nt c h a n g es fr o m b as eli n e will b e r e c or d e d as a n A E. 

 

Cl arifi c ati o n of 
pr o c e d ur es 

1 5 



 P K U- 0 1 5  P a g e  2 2  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

9. 7. 1. 4/ Bl o o d P h e 
C o ntr ol 

S a m pl es f or bl o o d P h e c o n c e ntr ati o n s h o ul d b e dr a w n si m ult a n e o u sl y wit h 
s a m pl es dr a w n f or P K o n d a y s w h e n b ot h t y p es of bl o o d dr a w ar e r e q uir e d. Wit h 
t h e e x c e pti o n of D a y 1 t h e P K s a m pl e s ( P art 1), bl o o d f or P h e c o n c e ntr ati o n 
m e as ur e m e nts …i n t h e S c h e d ul e of E v e nts ( T a bl e 2. 1).  

Cl arifi c ati o n  7  

9. 7. 2 / Pri m ar y 
Effi c a c y V ari a bl e 

N e ur o c o g niti v e t esti n g will b e p erf or m e d wit hi n 6 w e e ks of d et er mi n ati o n of 
K u v a n r es p o nsi v e n ess i n all K u v a n-r es p o nsi v e s u bj e cts. S u bs e q u e nt 
n e ur o c o g niti v e m e as ur e m e nts will b e o bt ai n e d  e v er y 6 m o nt hs u ntil t h e s u bj e ct is  
> ≥  3 0 m o nt hs ol d … 

Cl arifi c ati o n or a g e 
gr o u ps f or 
n e ur o c o g niti v e t esti n g 

2 

9. 7. 3/ S e c o n d ar y 
Effi c a c y V ari a bl es 

 

T h e first  s e c o n d ar y effi c a c y e n d p oi nt is c h a n g e i n d e v el o p m e nt al gr o wt h f a ct ors, 

as m e as ur e d b y h ei g ht, w ei g ht,  a n d h e a d cir c u mf er e n c e fr o m b as eli n e. T h es e 

m e as ur e m e nts will b e m a d e at S cr e e ni n g, W e e k 0, W e e k 4, M o nt h 3, M o nt h 6, a n d 

e v er y 6 m o nt hs t h er e aft er. , w hil e t h e w ei g ht will b e m e as ur e d at e v er y visit.  T h e 

s e c o n d s e c o n d ar y effi c a c y v ari a bl e is t h e b as eli n e a n d 6- m o nt h f oll o w u p 

n e ur o c o g niti v e t esti n g r es ults us i n g B a yl e y-III i n c hil dr e n a g e 0 t o l ess t h a n 

3 0 m o nt hs ol d.  

W ei g ht d el et e d fr o m 
h ei g ht, w ei g ht a n d 
h e a d cir c u mf er e n c e 

2, 5 

T a bl e 9. 7. 4. 1. 1:  

Cli ni c al 

L a b or at or y T ests  

 

C hl ori d e  

Uri n al y sis m a y b e p erf or m e d i n t h e cli ni c al l a b or vi a “ di psti c k ” i n c hil dr e n t o o 
y o u n g t o pr o vi d e a uri n e s a m pl e  

C hl ori d e w as a d d e d as 
p art of t h e el e ctr ol yt e 
e v al u ati o n i n t h e 
c h e mistr y p a n el. 
Uri n e t esti n g w as 
cl arifi e d.  

1 2 



 P K U- 0 1 5  P a g e  2 3  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

1 1. 1 / 

N e u r o c o g niti v e 

Ass e ss m e nt s 

 

T h e B a yl e y-III is a t o ol f or ass e ssi n g all f a c ets of d e v el o p m e nt i n i nf a nts wit hi n a n 

a g e r a n g e of 1 2 m o nt hs u p  t o 3 0 m o nt hs, wit h n or m ati v e d at a …  

T h e W P P SI-III is a t o ol f or ass essi n g t h e i n t elli g e n c e of c hil dr e n 2 y e ars 6 m o nt hs 

t hr o u g h ≥  3 0 m o nt hs t hr o u g h <7 y e ars 3 m o nt hs ol d. T h e W P P SI-III is 

a d mi nist er e d o n t w o f or ms as a g e a p pr o pri at e …. 

T h e WI S C-I V ass ess es t h e i n t elli g e n c e of c hil dr e n 6 7 y e ars 0 m o nt hs t hr o u g h 

1 6 y e ars 1 1 m o nt hs ol d. … 

 

Cl arifi c ati o n of ar e 
gr o u ps f or ass ess m e nt 

2 

1 2. 1. 2/ S cr e e ni n g 
Visit 

 

•  … 

•  W ei g ht  

•  H ei g ht, w ei g ht,  a n d h e a d cir c u mf er e n c e 

•  … 

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as 
r e a c h e d c hil d- b e ari n g p ot e nti al. ( A s er u m pr e g n a n c y t est will b e 
p erf or m e d i n t h e e v e nt of a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y 
t est r es ult.) 

W ei g ht w as s e p ar at e d 
fr o m h ei g ht a n d h e a d 
cir c u mf er e n c e a n d 
a d d e d t o e v er y visit 

5, 



 P K U- 0 1 5  P a g e  2 4  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

1 2. 1. 3. 1/ W e e k 0  
D a y  1  Visit 

Wit hi n 2 8 d a y s of c o m pl eti n g s cr e e ni n g ass e ss m e nts, t h e f oll o wi n g st u d y a cti viti es 
will b e p erf or m e d o n D a y  1  (W e e k 0)  of P art 1. Ass ess m e nts will b e d o n e pr e d os e 
u nl ess ot h er wis e s p e cifi e d: 

•  W ei g ht  

•  H ei g ht, w ei g ht, a n d h e a d cir c u mf er e n c es  

•  Di et ar y r e vi e w wit h n utriti o nist  di eti ci a n 

•  P h y si c al e x a mi n ati o n if >  7  d a y s aft er S cr e e ni n g  

•  Cli ni c al l a b or at or y t ests i f > 7  d a y s aft er S cr e e ni n g 

•  Bl o o d P h e c o n c e ntr ati o n if  >  7 d a y s aft er S cr e e ni n g  . … 

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as 
r e a c h e d c hil d- b e ari n g p ot e nti al. ( A s er u m pr e g n a n c y t est will b e 
p erf or m e d i n t h e e v e nt of a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est 
r es ult.) 

•  P h y si c al e x a mi n ati o n, cli ni c al l a b or at or y t ests, h ei g ht a n d h e a d 
cir c u mf er e n c e m e as ur e m e nts will b e r e p e at e d o nl y if t h e W e e k 0 visit is 
> 7 d a y s aft er t h e S cr e e ni n g visit  

•  Dis p e ns e St u d y Dr u g  

W ei g ht w as s e p ar at e d 
fr o m h ei g ht a n d h e a d 
cir c u mf er e n c e a n d 
a d d e d t o e v er y visit 
a n d visit pr o c e d ur e 
cl arifi c ati o n 

5, 1 5 



 P K U- 0 1 5  P a g e  2 5  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

1 2. 1. 3. 2/ W e e k 1 
t hr o u g h W e e k 4 
Visits ( ± 2 d a y s) 

•  W ei g ht  

•  … 

•  Di et ar y r e vi e w wit h n utriti o nist P h e m o difi c ati o n (if n e c ess ar y) wit h 
di eti ci a n 

W ei g ht a d d e d di et ar y 
r e vi e w cl arifi e d 

5, 1 5 

1 2. 1. 3. 4/ W e e k 4 
Visit O nl y 
( ± 2 d a y s) 

W e e k 4 Visit o O nl y ( ±  2 d a y s) 

 

•  P h y si c al e x a mi n ati o n ( W e e k 4 o nl y)  

•  H ei g ht, w ei g ht , a n d h e a d cir c u mf er e n c e ( W e e k 4 o nl y) 

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as 
r e a c h e d c hil d- b e ari n g p ot e nti al ( W e e k 4 o nl y) ( A s er u m pr e g n a n c y t est 
will b e p erf or m e d i n t h e e v e nt of a n y p ositi v e or e q ui v o c al uri n e 
pr e g n a n c y t est r es ult)  

Titl e c h a n g e a n d 
cl arifi c ati o n of visits 

5, 1 5 



 P K U- 0 1 5  P a g e  2 6  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

1 2. 1. 4. 1/ M o nt h 2 -
3  M o nt h 2- 5 ( ± 5 
d a ys)  

•  Vit al si g ns  

•  W ei g ht  

•  Cli ni c al l a b or at or y t ests  

•  Bl o o d P h e c o n c e ntr ati o n  

•  C o n c o mit a nt m e di c ati o ns  

•  Ass e ss m e nt of A Es  

•  Di et ar y r e vi e w wit h P h e m o difi c ati o n (if n e c ess ar y) wit h a di eti ci a n  

•  Dis p e ns e St u d y Dr u g  

Titl e c h a n g e d a n d 
pr o c e d ur es cl arifi e d 

1 5 

1 2. 1. 4. 1  / Mo nt h 2 -
3 (  ±  5 d a y s), 
1 2. 1. 4. 2 M o nt h 
2/ Visit O nl y 
( ± 5 d a ys)  

•  A d mi nistr ati o n of a g e- a p pr o pri at e I Q t est; t his t est m u st b e c o m pl et e d 
wit hi n 6 w e e ks of d et er mi n ati o n of K u v a n r es p o nsi v e n ess i n 
K u v a n-r es p o nsi v e s u bj e cts w h o c o nti n u e i nt o t h e N e ur o c o g niti v e St u d y 

 

C h a n g e d s e cti o n 
n u m b er a n d titl e 

1 5 

1 2. 1. 4. 2 M o nt h 3 
(±- 5 d a y s) 
1 2. 1. 4. 3/ M o nt h 3 
a n d 6 Visits O nl y 
( ± 5 d a ys) 

•  H ei g ht a n d h e a d cir c u mf er e n c e  

•  P h y si c al e x a mi n ati o n  

C h a n g e d s e cti o n 
n u m b er a n d titl e a n d 
pr o c e d ur es cl arifi e d 

1 5 

1 2. 1. 4. 4/ M o nt h 6 

Visit O nl y 

( ± 5 d a ys) 

•  Pr e g n a n c y t est, if i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as 
r e a c h e d c hil d- b e ari n g p ot e nti al ( A s er u m pr e g n a n c y t est will b e 
p erf or m e d i n t h e e v e nt of a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y 

S e cti o n a d d e d wit h 
Titl e a n d pr o c e d ur e 
cl arifi c ati o n 

1 5 



 P K U- 0 1 5  P a g e  2 7  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

 t est r es ult.)  

•  6- m o nt h r e p e at t esti n g wit h B a yl e y-III i n c hil dr e n 0- 2 y e ars ol d at 
e nr oll m e nt 

 

1 2. 1. 4. 3/ 6 -M o nt h 
Visits, St arti n g at 
M o nt h 6 ( M o nt hs 
6, 1 2, 1 8, et c. +  2 
w e e ks   

1 2. 1. 4. 5 

M o nt hs 6, 1 2, 1 8, 
2 4,  3 0, et c. ( 6 
m o nt h i nt e r v als 
± 2 w e e ks)  

 

•  W ei g ht  

•  H ei g ht, w ei g ht,  a n d h e a d cir c u mf er e n c e 

•  Di et ar y r e vi e w wit h n utriti o nist  P h e m o difi c ati o n (if n e c ess ar y) wit h a 
di eti ci a n …  

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as 
r e a c h e d c hil d- b e ari n g p ot e nti al. ( A s er u m pr e g n a n c y t est will b e p erf or m e d 
i n t h e e v e nt of a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est r es ult.) 

•  Bl o o d tr y pt o p h a n a n d t yr osi n e M o nt h 6 a n d 1 2, t h e n y e arl y  (st arti n g at 
M o nt h 1 2) 

•  N e ur o c o g niti v e t ests wit h B a yl e y -III u ntil t h e s u bj e ct r e a c h es a g e 3 0 
m o nt hs  (s e e S e cti o n 2. 1 S u m m ar y of E v e nts a n d S e cti o n 9 I n v esti g ati o n al 
Pl a n)  

C h a n g e d s e cti o n 
n u m b er a n d titl e a n d 
pr o c e d ur es cl arifi e d 

5, 1 5 

1 2. 1. 4. 4  Y e arl y 
Visits ( M o nt hs 1 2, 
2 4, 3 6, 4 8, et c. +  2 
w e e ks)   

•  Vit al si g ns  

•  Bl o o d P h e c o n c e ntr ati o n  

•  H ei g ht, w ei g ht, a n d h e a d cir c u mf er e n c e  

C h a n g e d s e cti o n 
n u m b er a n d titl e a n d 
visit pr o c e d ur es 
cl arifi e d 

1 5 



 P K U- 0 1 5  P a g e  2 8  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

1 2. 1. 4. 6/ M o nt hs 
1 2, 2 4, 3 6, 4 8, 6 0, 
7 2 a n d 8 4 ( a n n u al 
i nt e r v als ± 2 
w e e ks) 

•  P h y si c al e x a mi n ati o n  

•  Cli ni c al l a b or at or y t ests  

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as 
r e a c h e d c hil d-b e ari n g p ot e nti al  

•  C o n c o mit a nt m e di c ati o ns  

•  Di et ar y r e vi e w wit h n utriti o nist  

•  Ass e ss m e nt of A Es  

•  Dis p e ns e St u d y Dr u g  

•  Bl o o d tr y pt o p h a n, a n d  t yr o si n e ( St arti n g at M o nt h 1 2) 

•  N e ur o c o g niti v e t ests usi n g W P P SI III or WI S C I V (st arti n g at M o nt h 1 2; 
p erf or m e d e v er y 1 2 m o nt hs u ntil t h e s u bj e ct r e a c h e s a g e 7, t h e n e v er y 2 
y e ars t hr o u g h t h e e n d of t h e st u d y.)  

•   



 P K U- 0 1 5  P a g e  2 9  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

1 2. 1. 4. 7 3- M o nt h 
I nt eri m P h o n e 
C o nt a ct ( M o nt hs 
9, 1 5, 2 1, 2 7, et c, 
±  1 w e e k)  

•  W ei g ht  

•  Ass e ss m e nt of A Es  

•  C o n c o mit a nt M e di c ati o ns  

•  Dis p e nsi n g St u d y Dr u g  

S e cti o n a d d e d.  
Cl arifi c ati o n of visit 
pr o c e d ur es 

5, 1 5 

1 2. 1. 5 E arl y 
T er mi n ati o n a n d 
F oll o w u p Visit(s) 
( wit hi n 2 8 +/- 3 
d a y s of l ast d os e 
of st u d y dr u g) 

E v e r y s u bj e ct s h o ul d c o m pl et e  eit h e r a F oll o w- u p o r T er mi n ati o n Visit, t o e n d 

t h eir p arti ci p ati o n i n t h e st u d y.  T h e F ollo w- u p Visit is c o m pl et e d b y a s u bj e ct w h o 

c o m pl et es o nl y P art 1 of t h e st u d y, or w h o is e nr oll e d i nt o P art 2 a n d c o m pl et es 

P art 2.  T h e T er mi n ati o n Visit is c o m p l et e d b y a s u bj e ct w h o wit h dr a ws or is 

dis c o nti n u e d fr o m t h e st u d y.  T h e F oll o w- u p or T er mi n ati o n Visit s h o ul d o c c ur 2 8 

d a y s aft er t h e s u bj e ct’s fi n al d os e of dr u g . E v er y r e as o n a bl e eff ort will b e m a d e t o 

h a v e t h e s u bj e ct c o m pl et e a F oll o w- u p or T er mi n ati o n Visit.  If t h e s u bj e ct d o es 

n ot c o m pl et e a F oll o w- u p or T er mi n ati o n Vi sit i n t h e cli ni c, mi ni m all y a f oll o w- u p 

p h o n e c all will b e m a d e.  

•  Di et ar y r e vi e w wit h n utriti o nist (if visit is r e q uir e d)  di eti ci a n 

•  P h y si c al e x a mi n ati o n (if visit is r e q uir e d)   (if at a cli ni c visit) 

•  Vit al si g ns (if visit is r e q uir e d)   (if at a cli ni c visit) 

•  W ei g ht  

•  H ei g ht, w ei g ht a n d h e a d cir c u mf er e n c e (if visit is r e q uir e d)   (if at a cli ni c 
visit)  

•  Cli ni c al l a b or at or y t ests (if visit is r e q uir e d)   (if at a cli ni c visit) 

Cl arifi c ati o n of visit 
pr o c e d ur es 

1 3, 1 5 



 P K U- 0 1 5  P a g e  3 0  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

•  Bl o o d tr y pt o p h a n a n d t yr osi n e (if visit is r e q uir e d)   (if at a cli ni c visit) 

•  Pr e g n a n c y t est, if i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as 
r e a c h e d c hil d- b e ari n g p ot e nti al ( A s er u m pr e g n a n c y t est will b e p erf or m e d 
i n t h e e v e nt of a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est r es ult. (if at a 
cli ni c visit)  

•  N e ur o c o g niti v e t est usi n g B a yl e y-III if t h e f oll o w u p or e arl y t er mi n ati o n 
visit is 4- 6 m o nt hs aft er t h e l ast as s es s m e nt.  

•  N e ur o c o g niti v e t ests usi n g W P P SI III or WI S C I V if t h e f oll o w- u p or e arl y 
t er mi n ati o n visit is 9 m o nt hs or m or e aft er t h e l ast as s ess m e nt (if at a cli ni c 
visit) …  

1 2. 2. 2  M o nt hl y  
Visits ( M o nt hs 2 -
6 ( ± 5 D a y s) 

 

•  W ei g ht  

•  Di et ar y r e vi e w wit h n utriti o nist P h e m o difi c ati o n (if n e c ess ar y) wit h a 
di eti ci a n   

W ei g ht a d d e d a n d 
cl arifi c ati o n of visit 
pr o c e d ur es 

5, 1 5 

1 2. 2. 3  M o nt hs  3  
a n d 6 O nl y ( ± 5 
D a ys)  

•  H ei g ht, w ei g ht,  a n d h e a d cir c u mf er e n c e 

 

Titl e m o difi e d a n d 
w ei g ht r e m o v e d fr o m 
H ei g ht, w ei g ht, a n d 
h e a d cir c u mf er e n c e. 

1 5 

1 2. 2. 4  M o nt h  6  
O nl y ( + 3 0 d a y s)  
( ± 2 w e e ks) 

•  Pr e g n a n c y t est, if i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as 
r e a c h e d c hil d- b e ari n g p ot e nti al ( A s er u m pr e g n a n c y t est will b e p erf or m e d 
i n t h e e v e nt of a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est r es ult.) 

Titl e m o difi e d  a n d 
cl arifi c ati o n of visit 
pr o c e d ur es 

1 5 

1 2. 2. 5 E arl y S e cti o n d el et e d E arl y T er mi n ati o n N A 



 P K U- 0 1 5  P a g e  3 1  

 

Pr o pri et ar y a n d C o nfi d e nti al  3 0 N o v e m b er 2 0 1 0 

S e cti o n N o./ Titl e  R e visi o n C o m m e nts 
R el at es t o 
C h a n g e N o. 

T er mi n ati o n fr o m 
S u bst u d y 1 ( wit hi n 
2 8 +/- 3 d a y s of 
l ast d os e of st u d y 
dr u g) 

 s e cti o n c o v er e d i n 
S e cti o n 1 2. 1. 5 

1 2. 3/ S u bst u d y 2: 
P o p ul ati o n 
P h ar m a c o ki n eti c 
St u d y i n S u bj e cts 
0 6 Y e ars Ol d 

A p o p ul ati o n P K st u d y will b e c o m pl et e d i n a t ot al of 8 0 s u bj e cts. Of t h es e 8 0 
s u bj e cts, 1 0  3 0 will b e a g es 0 t o ≤  1 y e ars a n d 7 0 5 0 will b e > 1 t o 6 y e ars ol d. 

S u bj e cts will t a k e t h eir d os e i n t h e m or ni n g at t h e s a m e ti m e of d a y wit h a m e al, p er 
sit e i nstr u cti o ns, t o o bt ai n s a m pl es f or t h e p o p ul ati o n P K a n al y sis wit hi n t h e 
s p e cifi e d ti m e wi n d o ws ( e g, b ef or e d osi n g a n d 0. 2 2 t o 8 h o urs or 7 t o 4 8 0 mi n ut es, 
aft er d osi n g). T h e e x a ct ti m es of d osi n g will b e r e c or d e d. Bl o o d s a m pl es will still 
n e e d t o  b e c oll e ct e d a p pr o xi m at el y 2. 5 t o 5 h o urs aft er br e a kf ast t h e m e al t o o bt ai n 
bl o o d P h e c o n c e ntr ati o ns w hil e i n P h as e 1 of t his st u d y ( W e e k 0- W e e k 6) ….  

Cl arifi c ati o n of P K 
a g e r a n g e a n d bl o o d 
s a m pl e ti mi n g 

6, 7 



 P K U- 0 1 5  P a g e  3 2  

 

Pr o pri et ar y a n d C o nfi d e nti al 3 0 N o v e m b er 2 0 1 0 

2  S Y N O P SI S 

N A M E O F C O M P A N Y 
Bi o M ari n P h ar m a c e uti c al I n c. 
1 0 5 Di git al Dri v e 
N o v at o, C A 9 4 9 4 9 
 
N A M E O F FI NI S H E D P R O D U C T: 
K u v a n ®  
 
N A M E O F A C TI V E I N G R E DI E N T: 
s a pr o pt eri n di h y dr o c hl ori d e; 6 R- B H 4  

S U M M A R Y T A B L E 
R ef erri n g t o P art of t h e 
D ossi er: 
 
V ol u m e:  
 
P a g e:    
 
R ef er e n c e:  

F O R N A TI O N A L 
A U T H O RI T Y U S E 
O N L Y: 

TI T L E O F S T U D Y:  

A P h as e 3 b O p e n- L a b el St u d y t o E v al u at e t h e Eff e ct of K u v a n ®  o n N e ur o c o g niti v e F u n cti o n, 
M ai nt e n a n c e of Bl o o d P h e n yl al a ni n e C o n c e ntr ati o ns, S af et y, a n d P o p ul ati o n P h ar m a c o ki n eti cs i n 
Y o u n g C hil dr e n wit h P h e n yl k et o n uri a 

P R O T O C O L N U M B E R : 

P K U- 0 1 5 

S T U D Y S I T E S: 

U p t o 4 0 sit es 

P H A S E O F D E V E L O P M E N T: 

3 b 

S T U D Y R A TI O N A L E: 

Ri g or o us c o ntr ol of di et is t y pi c all y a d v o c at e d i n c hil dr e n 4 y e ars a n d u n d er wit h p h e n yl k et o n uri a 

( P K U) b e c a u s e br ai n s e nsiti vit y t o hi g h p h e n yl al a ni n e ( P h e) c o n c e ntr ati o n is e x p e ct e d t o b e gr e at est 

d uri n g t h es e y e ars of r a pi d n e ur o c o g niti v e d e v el o p m e nt. A m o n g P K U p ati e nts, t h e str o n g est 

d et er mi n a nt of i nt elli g e n c e q u oti e nt (I Q) a n d c o g niti v e f u n cti o n is c o m pli a n c e wit h bl o o d P h e c o ntr ol. 

S e v er al cli ni c al st u di es wit h K u v a n h a v e alr e a d y d e m o nstr at e d effi c a c y i n r e d u ci n g bl o o d P h e i n 

s u bj e cts ol d er t h a n 4 y e ars. T his st u d y will e x a mi n e w h et h er us e of K u v a n at a n e arli er a g e pr e s er v es 

n e ur o c o g niti v e f u n cti o n a n d n or m al gr o wt h, as w ell a s pr o vi di n g l o n g-t er m s af et y d at a a n d effi c a c y 

d at a f or c o ntr olli n g bl o o d P h e c o n c e ntr ati o ns wit h i n a c c e pt a bl e r a n g es. I n a d diti o n, 2 s u bst u di es will 

b e c o n d u ct e d. S u bst u d y 1 will pr o vi d e 6 m o nt hs of s af et y, effi c a c y, a n d n e ur o c o g niti v e d at a i n 

s u bj e cts 0- 6 y e ars ol d. S u bst u d y 2 will pr o vi d e p h ar m a c o ki n eti c d at a i n c hil dr e n 0- 6 y e ars ol d. 

O B J E C T I V E S:  

Pri m ar y O bj e cti v e  

•  T o e v al u at e t h e l o n g-t er m effi c a c y of K u v a n i n pr es er vi n g n e ur o c o g niti v e f u n cti o n i n c hil dr e n 
wit h P K U w h e n tr e at m e nt i s i niti at e d at 0- 6 y e ars  



 P K U- 0 1 5  P a g e  3 3  

 

Pr o pri et ar y a n d C o nfi d e nti al 3 0 N o v e m b er 2 0 1 0 

N A M E O F C O M P A N Y 
Bi o M ari n P h ar m a c e uti c al I n c. 
1 0 5 Di git al Dri v e 
N o v at o, C A 9 4 9 4 9 
 
N A M E O F FI NI S H E D P R O D U C T: 
K u v a n ®  
 
N A M E O F A C TI V E I N G R E DI E N T: 
s a pr o pt eri n di h y dr o c hl ori d e; 6 R- B H 4  

S U M M A R Y T A B L E 
R ef erri n g t o P art of t h e 
D ossi er: 
 
V ol u m e:  
 
P a g e:    
 
R ef er e n c e:  

F O R N A TI O N A L 
A U T H O RI T Y U S E 
O N L Y: 

S e c o n d ar y O bj e cti v es   

•  T o e v al u at e t h e l o n g-t er m s af et y of K u v a n i n t h e st u d y p o p ul ati o n   

•  T o e v al u at e t h e eff e ct of K u v a n o n gr o wt h p ar a m et ers i n t h e st u d y p o p ul ati o n 

S u bst u d y 1: 6- M o nt h S af et y a n d Effi c a c y i n C hil d r e n 0- 6 Y e a rs Ol d 

Pri m ar y O bj e cti v e  

•  T o e v al u at e t h e s af et y of 6 m o nt hs of tr e at m e nt wit h K u v a n i n c hil dr e n wit h P K U w h o ar e 
0- 6 y e ars ol d.  

S e c o n d ar y O bj e cti v e   

•  T o e v al u at e t h e effi c a c y of 6 m o nt hs of tr e at m e nt wit h K u v a n i n c o ntr olli n g bl o o d P h e 
c o n c e ntr ati o n  wit hi n a c c e pt a bl e r a n g es i n c hil dr e n wit h P K U w h o ar e 0- 6 y e ars ol d  

•  T o e v al u at e b as eli n e n e ur o c o g niti v e f u n cti o n f o r all K u v a n-r es p o nsi v e s u bj e cts a n d 6- m o nt h 
B a yl e y-III d at a f or s u bj e cts w h o ar e 0- 2 y e ars ol d at e nr oll m e nt 

S u bst u d y 2: P o p ul ati o n P h a r m a c o ki n eti cs i n C hil d r e n 0- 6 Y e a rs Ol d 

Pri m ar y O bj e cti v e  

•  T o e v al u at e t h e p o p ul ati o n p h ar m a c o ki n eti cs of K u v a n i n y o u n g c hil dr e n  
S T U D Y D E SI G N A N D P L A N:  

P a rt 1: E v al u ati o n of K u v a n R es p o nsi v e n ess 

B e gi n ni n g at W e e k 0 a n d aft er all b as eli n e ass e ss m e nts ar e c o m pl et e d, s u bj e cts e nr oll e d i nt o t h e st u d y 

will r e c ei v e 2 0 m g/ k g K u v a n d ail y f or 4 w e e ks. S u bj e cts will r et ur n t o t h e cli ni c w e e kl y f or s af et y 

ass ess m e nts a n d bl o o d P h e c o n c e ntr ati o n m e as ur e m e nt.  S u bj e cts s h o ul d c o nti n u e wit h t h eir c urr e nt 

l e v el of di et ar y P h e i nt a k e. H o w e v er, if a su bj e ct’s bl o o d P h e c o n c e ntr ati o n dr o ps b el o w 1 2 0 μ m ol/ L, 

at t h e dis c r eti o n of t h e i n v esti g at o r, a g r a d u al i n c r e as e of a p p r o xi m at el y 5 t o 2 0 m g/ k g of P h e 

s u p pl e m e nt m a y b e a d d e d t o t h e di et. It is i m p o rt a nt t o a v oi d u nst a bl e s wi n gs i n t h e bl o o d P h e 

v al u es.  N o d o s e a dj ust m e nts c a n b e m a d e d uri n g P art 1 wit h o ut c o ns ult ati o n wit h t h e M e di c al 

M o nit or. 
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P a rt 2: N e u r o c o g niti v e St u d y 

S u bj e cts w h o ar e r es p o nsi v e t o K u v a n (s e e t h e d efi niti o n of r es p o nsi v e n ess i n Eli gi bilit y Crit eri o n) 
will c o nti n u e t o r e c ei v e d ail y si n gl e d os es of 2 0 m g/ k g K u v a n or all y. At t h e dis cr eti o n of t h e 
I n v esti g at or, a g r a d u al i n c r e as e of a p p r o xi m at el y 5 t o 2 0  m g/ k g of P h e s u p pl e m e nt m a y b e a d d e d 
t o t h e di et. It is i m p o rt a nt t o a v oi d u nst a bl e s wi n gs i n t h e bl o o d P h e v al u es. K u v a n d os e m a y als o 
b e r e d u c e d aft er W e e k 5 aft er c o ns ult ati o n wit h t h e M e di c al M o nit or, i n s u bj e cts w h o d o n ot t ol er at e 
t h e 2 0 m g/ k g/ d a y d os e. N e ur o c o g niti v e t esti n g will b e p erf or m e d wit hi n 6 w e e ks of d et er mi n ati o n of 
K u v a n r es p o nsi v e n ess i n all K u v a n-r es p o nsi v e s u bj e ct s. T h e t y p es of n e ur o c o g niti v e t ests us e d (i e, 
B a yl e y S c al es of I nf a nt a n d T o d dl er D e v el o p m e nt ®- T hir d E diti o n [ B a yl e y-III ®], W e c hsl er Pr es c h o ol 
a n d Pri m ar y S c al e of I nt elli g e n c e ™ - T hir d E diti o n [ W P P SI™ -III], a n d/ or W e c hsl er I nt elli g e n c e S c al e 
f or C hil dr e n ®- F o urt h E diti o n [ WI S C ®-I V]), will b e t h os e c o nsi d er e d a p pr o pri at e f or t h e s u bj e ct’s 
a g e.  

N e u r o c o g niti v e Ass ess m e nts 

 

A g e G r o u p  I nf a n c y  P r es c h o ol  S c h o ol- A g e  

Ass e ss m e nt  B a yl e y-III  W P P SI-III  W P P SI-III  WI S C-I V  

A g e   0 m o nt hs t hr o u g h 

 < 3 0 m o nt hs 

≥  3 0 m o nt hs 

t hr o u g h < 4 y e ars 

≥  4 y e ars t hr o u g h 

 < 7 y e ars 

≥  7 y e ars a n d 

ol d er  

Fr e q u e n c y  E v er y  6  m o nt hs  

 ± 2 w e e ks 

O n c e a y e ar 

 ± 2 w e e ks 

O n c e a y e ar 

 ± 2 w e e ks  

E v er y 

2 y e ars ± 2 w e e ks  

 

 

T h e B a yl e y-III will b e a d mi nist e r e d t o s u bj e cts w h o a r e f r o m 0 m o nt hs t o l ess t h a n 3 0 m o nt hs of 
a g e a n d will b e a d mi nist e r e d e v e r y 6 m o nt hs ± 2 w e e ks. At 3 0 m o nt hs ol d o r ol d e r, t h e s u bj e cts 
will b e a d mi nist e r e d t h e W P P SI-III. T h e W P P SI- III h as t w o f o r ms. T h e y o u n g e r c hil d r e n will b e 
a d mi nist e r e d t h e fi rst f o r m f o r a g es 3 0 m o nt hs t o  l ess t h a n 4 y e a rs ol d. T h e s e c o n d f o r m will b e 
us e d f o r s u bj e cts 4 y e a rs of a g e t o l ess t h a n 7 y e a rs ol d. T h e W P P SI-III will b e a d mi nist e r e d 
y e a rl y  ±  2 w e e ks. B e gi n ni n g at 7 y e a rs ol d, st u d y s u bj e cts will b e a d mi nist e r e d t h e WI S C-I V 
e v e r y 2 y e a rs  ±  2 w e e k s.   
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Gr o wt h, bl o o d P h e c o n c e ntr ati o n, a n d s af et y will b e m o nit or e d. T h es e a n d t h e n e u r o c o g niti v e  
ass ess m e nts will b e p erf or m e d e v er y 6 t o 2 4 m o nt hs, d e p e n di n g o n t h e t y p e of ass ess m e nt, u ntil t h e 
e n d of t h e st u d y. R ef er t o T a bl e 2. 1  f or d et ails. 

T h e st u d y will b e c o nsi d er e d c o m pl et e w h e n a p pr o xi m at el y 4 5 s u bj e cts h a v e b e e n f oll o w e d f or 7 y e ars 
a n d h a v e at l e ast 2 p ost-tr e at m e nt W P P SI-III a n d/ or WI S C-I V t est s a d mi nist er e d 2 y e ars a p art. 

Aft er st u d y c o m pl eti o n, s u bj e cts will b e gi v e n t h e o p p o rt u nit y t o p arti ci p at e i n a r e gistr y st u d y t h at 
will f oll o w l o n g er-t er m o ut c o m es.  

S u bst u d y 1: S af et y a n d Effi c a c y i n S u bj e cts 0- 6 Y e a rs Ol d 

All K u v a n-r es p o nsi v e s u bj e cts will b e  e nr oll e d i n S u bst u d y 1 a n d will b e ass ess e d m o nt hl y f or t h e first 
6 m o nt hs of t h e st u d y. Bl o o d P h e c o n c e ntr ati o ns, v ari o us m e as ur es of gr o wt h, a n d s af et y d at a will b e 
c oll e ct e d. T h e s u bj e ct’ s d ail y P h e i nt a k e will b e i n cr e as e d o nl y if t h e s u bj e ct’ s bl o o d P h e l e v els f all 
b el o w 1 2 0 μ m ol/ L. K u v a n d os e m a y als o b e r e d u c e d aft e r w e e k 5 a n d  aft er c o ns ult ati o n wit h t h e 
M e di c al M o nit or if t h e s u bj e ct d o es n ot t ol er at e t h e 2 0 m g/ k g/ d a y d os e. R ef er t o T a bl e 2. 1, S c h e d ul e 
of E v e nts f or t h e ti mi n g of ass e ss m e nts. 

S u bst u d y 2: P o p ul ati o n P h a r m a c o ki n eti cs ( P K) i n S u bj e cts 0- 6 Y e a rs Ol d 

F or t h e p o p ul ati o n P K e v al u ati o n, pl as m a s a m pl es fr o m t h e fir st  1 0 s u bj e cts e nr oll e d i n P art 1 w h o ar e 
0- 1 y e ars ol d a n d t h e first - 7 0 s u bj e cts i n t h e > 1- 6 y e a rs a g e g r o u p ( 3 s a m pl es e a c h fr o m s u bj e cts 
≤  1 y e ar ol d; 4 s a m pl es e a c h fr o m s u bj e cts > 1 ye ars ol d) will b e c oll e ct e d at t h e W e e k 0 t hr o u g h 
W e e k 4 visits a c c or di n g t o a pr e d et er mi n e d s c h e d ul e. S e e S e cti o n 1 2. 3  a n d T a bl e 1 2. 3. 1  f or s a m pli n g 
wi n d o ws. I n a d diti o n, i n v esti g at ors will b e as k e d t o c o ll e ct a bl o o d s a m pl e f or t ot al bi o pt eri n t esti n g at 
t h e ti m e of a n S A E, w h e n p o ssi bl e, if it is c o nsi d er e d b y t h e i n v esti g at or t o b e pr o b a bl y or p ossi bl y 
r el at e d t o K u v a n. 

N U M B E R O F S U B J E C T S P L A N N E D :  

T h e st u d y is e x p e ct e d t o c o m pri s e a mi ni m u m of 6 0 K u v a n-r es p o nsi v e s u bj e cts. At l e ast 2 0 s u bj e cts 
will b e 0- 2 y e ars ol d a n d at l e ast 1 0 of t h es e 2 0 s u bj e cts will b e 0- 1 y e ars ol d. At l e ast 2 0 s u bj e cts will 
b e 2- 4 y e ars ol d a n d t h e r e m ai ni n g s u bj e cts will b e 4- 6 y e ars ol d. I n or d er t o o bt ai n a mi ni m u m of 
6 0 K u v a n-r es p o nsi v e s u bj e cts, w e a nti ci p at e t h at m or e  t h a n 2 3 0 s u bj e cts will b e e nr oll e d i n P art 1, 
E v al u ati o n of K u v a n R es p o nsi v e n ess. 

DI A G N O SI S A N D A L L C RI T E RI A F O R I N C L U SI O N A N D E X C L U SI O N :  

I n di vi d u als eli gi bl e t o p arti ci p at e i n P art 1, E v al u ati o n of K u v a n R es p o nsi v e n ess a n d S u bst u d y 2 
( p o p ul ati o n P K) m u st m e et all of t h e f oll o wi n g crit eri a: 
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•  Est a blis h e d di a g n osis of P K U wit h h y p er p h e n yl al a ni n e mi a ( H P A) d o c u m e nt e d i n t h e 
m e di c al r e c or d b y at l e ast 2 bl o o d P h e c o n c e ntr ati o ns ≥  3 6 0 μ m ol/ L ( 6 m g/ d L) t a k e n 
at l e ast 3 d a ys a p art 

•  D o c u m e nt e d bl o o d P h e c o ntr ol ( d efi n e d b y t h e st a n d ar d us e d at e a c h tr e at m e nt c e nt er) pri or t o 
st u d y e nr oll m e nt, if a p pli c a bl e ( e g, t h e s u bj e ct  is ol d e n o u g h f or t h es e d at a t o b e c oll e ct e d); 
bl o o d P h e c o n c e ntr ati o ns f or s u bj e cts < 6 m o nt hs ol d at S cr e e ni n g m u st b e c o nsi d er e d 
c o ntr oll e d a n d st a bl e b y t h e I n v esti g at or  

•  Willi n g t o a d h er e t o a pr es cri b e d P h e-r estri ct e d di et i n or d er t o m ai nt ai n bl o o d P h e 
c o n c e ntr ati o ns wit hi n t h e r e c o m m e n d e d r a n g es est a bli s h e d at t h e s u bj e ct’ s st u d y sit e 

•  A g e 0 t o 6 y e ars ol d, i n cl usi v e, at S cr e e ni n g 

•  P ar e nt(s) or g u ar di a n(s) willi n g a n d a bl e t o pr o vi d e writt e n, si g n e d i nf or m e d c o ns e nt aft er t h e 
n at ur e of t h e st u d y h as b e e n e x pl ai n e d, a n d pri or t o a n y r es e ar c h-r el at e d pr o c e d ur es 

•  P ar e nt(s) or g u ar di a n(s) willi n g a n d a bl e  t o c o m pl y wit h all st u d y pr o c e d ur es 

•  F e m al e s u bj e cts of c hil d b e ari n g p ot e nti al ( as d et er mi n e d b y t h e i n v esti g at or) a n d s e x u all y 
m at ur e m al e s u bj e cts willi n g t o us e a m e di c a ll y a c c e pt e d m et h o d of c o ntr a c e pti o n t hr o u g h o ut 
t h e st u d y. F e m al e s u bj e ct s of c hil d b e ari n g p ot e nti al willi n g t o u n d er g o p eri o di c pr e g n a n c y 
t ests d uri n g t h e c o urs e of t h e st u d y 

I n di vi d u als eli gi bl e t o p arti ci p at e i n P art 2: N e uro c o g niti v e St u d y a n d S u bst u d y 1 m u st m e et all of t h e 

f oll o wi n g crit eri a: 

•  C o m pl eti o n of W e e k 4 visit i n P art 1  

•  R es p o nsi v e t o K u v a n d uri n g P art 1, d efi n e d as a ≥  3 0 % a v er a g e r e d u cti o n i n bl o o d P h e 
c o n c e ntr ati o n c al c ul at e d as t h e m e a n of t h e w e e kl y p er c e nt c h a n g e fr o m b a s eli n e i n bl o o d P h e 
c o n c e ntr ati o n at W e e ks 1, 2, 3, a n d 4 

•  B a yl e y-III or I Q t est s c or e ≥  8 0 wit hi n 6 w e e ks of d et er mi n ati o n of K u v a n r es p o nsi v e n ess   

I n di vi d u als w h o m e et a n y of t h e f oll o wi n g e x cl usi o n crit eri a will n ot b e eli gi bl e t o p arti ci p at e i n t h e 

st u d y:  

•  Est a blis h e d di a g n osis of pri m ar y t e tr a h y dr o bi o pt eri n ( B H 4) d efi ci e n c y  

•  K n o w n h y p ers e nsiti vit y t o K u v a n or its e x ci pi e nts  
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•  Hist or y of or g a n tr a ns pl a nt ati o n 

•  P er c ei v e d t o b e u nr eli a bl e or u n a v ail a bl e f or st u d y p arti ci p ati o n or t o h a v e p ar e nts or l e g al 
g u ar di a ns w h o ar e p er c ei v e d t o b e u nr eli a bl e or u n a v ail a bl e 

•  Us e of m et h otr e x at e or ot h er m e di c ati o ns t h at i n hi bit f ol at e m et a b olis m 

•  S eri o us n e ur o ps y c hi atri c ill n ess ( e g, m aj or d e pr essi o n) n ot c urr e ntl y u n d er m e di c al c o ntr ol  

•  Us e of K u v a n or a n y i n v esti g ati o n al a g e nt w it hi n 3 0 d a y s pri or t o S cr e e ni n g, or k n o w n 
r e q uir e m e nt f or a n y i n v esti g ati o n al a g e nt pri or t o c o m pl eti o n of all s c h e d ul e d st u d y 
ass e ss m e nts 

•  C o n c urr e nt dis e as e or c o n diti o n t h at w o ul d i nt erf e r e wit h st u d y p arti ci p ati o n or s af et y ( e g, 
s ei z ur e dis or d er, or al st er oi d- d e p e n d e nt ast h m a or ot h er c o n diti o n r e q uiri n g or al or p ar e nt er al 
c orti c ost er oi d a d mi nistr ati o n, i ns uli n- d e p e n d e nt di a b et es 

•  Us e of p h os p h o di est e r as e t y p e 5 i n hi bit o r, oft e n s h o rt e n e d t o P D E 5 i n hi bit o r ( e g. 
sil d e n afil cit r at e, v a r d e n afil, t a d al afil, a v a n afil, l o d e n afil, mi r o d e n afil, u d e n afil)  

•  A n y c o n diti o n t h at, i n t h e vi e w of t h e Pri n ci p a l I n v esti g at or ( PI), r e n d ers t h e s u bj e ct at hi g h 
ris k f or f ail ur e t o c o m pl y wit h tr e at m e nt or t o c o m pl et e t h e st u d y 

I N V E S TI G A TI O N A L P R O D U C T( S), D O S E, R O U T E A N D R E GI M E N:  

K u v a n is pr o vi d e d i n t a bl ets of 1 0 0 m g of s a pr o pt eri n di h y dr o c hl ori d e. A d os e of 2 0 m g/ k g will b e 
a d mi nist er e d diss ol v e d i n w at er, a p pl e j ui c e, or s oft f o o ds, b as e d o n s u bj e ct’ s a g e a n d a bilit y, a n d 
t a k e n or all y o n c e d ail y wit h f o o d. 

D U R A TI O N O F T R E A T M E N T :  

E v al u ati o n of K u v a n R es p o nsi v e n ess: 4 w e e ks 

N e ur o c o g niti v e St u d y: 7 y e ars 

S u bst u d y 1: 6 m o nt hs 

S u bst u d y 2: 4 w e e ks 
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R E F E R E N C E T H E R A P Y(I E S), D O S E, R O U T E A N D R E GI M E N :  

N ot a p pli c a bl e  

C RI T E RI A F O R E V A L U A TI O N: 

Effi c a c y:  

N e ur o c o g niti v e d e v el o p m e n t will b e e v al u at e d b as e d o n I Q m e as ur e d b y t h e a g e- a p pr o pri at e t ests 
list e d b el o w:  

•  B a yl e y-III i n a g es 0 t o  < 3 0 m o nt hs 

•  W P P SI-III i n a g es ≥  3 0 m o nt hs t o < 7 y e a rs 

•  WI S C-I V i n a g es  ≥  7 y e ars  

T h e l o n g-t er m b e n efit of K u v a n tr e at m e nt will b e e v al u at e d b y d e m o nstr ati n g t h at n e ur o c o g niti v e 
d e v el o p m e nt is n ot w ors e t h a n t h e e x p e ct e d d e v el o p m e nt f or s u bj e cts wit h P K U o n a 
P h e-r estri ct e d di et. 

Gr o wt h will b e ass ess e d u si n g t h e f oll o wi n g m e as ur e m e nts: 

•  H ei g ht, w ei g ht, a n d h e a d cir c u mf er e n c e 

S af et y: 

S af et y ass ess m e nts will i n cl u d e m e di c al hist or y, a d v ers e e v e nts ( A Es), vit al si g ns, p h y si c al 
e x a mi n ati o ns i n cl u di n g h ei g ht, w ei g ht, a n d h e a d  cir c u mf er e n c e, a n d cli ni c al l a b or at or y t ests 
( c h e mistr y, h e m at ol o g y, a n d uri n al y sis). 

S u bst u d y 1: S af et y a n d Effi c a c y i n C hil d r e n A g e 0- 6 Y e a rs 

Effi c a c y: 

T h e b e n efit of K u v a n tr e at m e nt will b e e v al u at e d b y d et er mi ni n g w h et h er K u v a n c a n c o ntr ol bl o o d 
P h e c o n c e ntr ati o ns wit hi n a c c e pt a bl e r a n g es f or a g e a n d b as e d o n t h e crit eri a us e d at e a c h tr e at m e nt 
c e nt er. T h e as s ess m e nt will b e m a d e usi n g t h e pr o p orti o n of s u bj e cts w h os e bl o o d P h e c o n c e ntr ati o n is 
wit hi n e a c h s u bj e ct’ s a c c e pt a bl e r a n g e a n d t h e m e a n  c h a n g e i n bl o o d P h e c o n c e ntr ati o n fr o m b as eli n e 
at e a c h ti m e p oi nt.  

S af et y: 

S af et y ass ess m e nts will i n cl u d e m e di c al hist or y, A E s, vit al si g ns, p h y si c al e x a mi n ati o ns i n cl u di n g 
h ei g ht, w ei g ht, a n d h e a d cir c u mf er e n c e, bl o o d tr y pt o p h a n a n d t yr osi n e c o n c e ntr ati o n, st a n d ar d cli ni c al 
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l a b or at or y t ests ( c h e mistr y, h e m at ol o g y, a n d uri n al y sis), a n d a n E C G ( el e ctr o c ar di o gr a m), if r e q uir e d.  

S u bst u d y 2: P o p ul ati o n P K St u d y i n C hil d r e n A g e 0- 6 Y e a rs 

T h e p h ar m a c o ki n eti cs of K u v a n will b e ass ess e d t hr o u g h  m e as ur e m e nt of t ot al bi o pt eri n c o n c e ntr ati o n 
i n pl as m a s a m pl es o bt ai n e d d uri n g t h e W e e k 0 t hr o u g h W e e k 4 visits usi n g a p o p ul ati o n 
p h ar m a c o ki n eti cs a p pr o a c h.  

S T A TI S T I C A L M E T H O D S:  

S a m pl e Si z e 

T h e c al c ul ati o n of s a m pl e si z e ass u m es t h at e a c h c hil d will h a v e 2 p ost-tr e at m e nt t est r es ults fr o m t h e 
W P P SI-III a n d/ or WI S C-I V t ests at l e ast 2 y e ars a p art. T h e g o al is t o e x cl u d e a m e a n 2. 5- p oi nt l oss 
p er y e ar i n s c or e. Gi v e n a 2-si d e d T y p e I err or r at e of 0. 0 5, if t h e m e a n I Q s c or e at b as eli n e is 1 0 0, t h e 
st a n d ar d d e vi ati o n is 1 5, a n d t h e c orr el ati o n b et w e e n t h e 2 t est r es ults is 0. 8, a s a m pl e si z e of 
4 5 s u bj e cts will yi el d 9 0 % p o w er. 

T o a c c o u nt f or t h e p ossi bilit y of dr o p o uts a n d t o h a v e r e as o n a bl e pr e cisi o n f or esti m ati n g c h a n g e i n I Q 
fr o m t h e ti m e a c hil d r e a c h es at l e ast a g e 3 0 m o nths u ntil t h e e n d of t h e st u d y, a mi ni m u m of 
6 0 K u v a n-r es p o nsi v e s u bj e cts w ill b e e nr oll e d i n t h e st u d y. 

P ri m a r y Effi c a c y E n d p oi nt a n d A n al ysis  

T h e pri m ar y effi c a c y e n d p oi nt is t h e I Q s c or e m e as ur e d b y t h e W P P SI-III or WI S C-I V t ests. A n al y sis 
of n e ur o c o g niti v e d e v el o p m e nt usi n g t h e I Q s c or es will b e p erf or m e d usi n g a r e p e at e d m e as ur es 
m o d el. T h e o ut c o m e v ari a bl e will b e t h e I Q s c or e fr o m W P P SI-III a n d/ or WI S C-I V t ests. T h e sl o p e of 
t h e t est s c or es will b e c al c ul at e d. T h e tr e at m e nt will b e c o nsi d er e d s u c c essf ul if t h e l o w er c o nfi d e n c e 
li mit of t h e m e a n c h a n g e i n t est s c or e o v er a 2- y e ar p eri o d e x cl u d es a d e cli n e of gr e at er t h a n 5 p oi nts. 
All d at a will b e i n cl u d e d i n a c o m bi n e d a n al y sis, str atifi e d b y t esti n g s e q u e n c e us e d 
( W P P SI-III/ W P P SI-III, W P P SI-III/ WI S C-I V, or WI S C-I V/ WI S C-I V). 

S e c o n d a r y Effi c a c y E n d p oi nt a n d A n al ysis  

T h e s e c o n d ar y effi c a c y e n d p oi nt is: 

•  C h a n g e i n d e v el o p m e nt al gr o wt h f a ct ors,  m e as ur e d b y h ei g ht, w ei g ht, a n d h e a d 
cir c u mf er e n c e fr o m b as eli n e 

T his s e c o n d ar y e n d p oi nt will b e a n al y z e d usi n g a l o n git u di n al m o d el. 
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S af et y A n al ysis 

T h e ori gi n al t er ms r e p ort e d i n c as e r e p ort f or ms ( C R F s) t o i d e ntif y A Es will b e c o d e d usi n g t h e 
M e di c al Di cti o n ar y f or R e g ul at or y A cti viti es ( M e d D R A). T h e i n ci d e n c e of tr e at m e nt- e m er g e nt A Es 
will b e s u m m ari z e d b y s y st e m or g a n cl ass, pr ef err e d t er m, r el ati o ns hi p t o st u d y dr u g, a n d s e v erit y. A 
b y-s u bj e ct listi n g will b e pr o vi d e d f or t h os e s u bj e cts w h o h a d a n S A E, i n cl u di n g d e at h, or h a d a n A E 
r es ulti n g i n e arl y dis c o nti n u ati o n of st u d y dr u g. 

L a b or at or y d at a will b e s u m m ari z e d b y t h e t y p e of  l a b or at or y t est. T h e fr e q u e n c y a n d p er c e nt a g e of 
s u bj e cts w h o e x p eri e n c e a n a b n or m alit y (i e, o utsi d e of r ef er e n c e r a n g es) or cli ni c all y si g nifi c a nt 
a b n or m alit y aft er st u d y dr u g a d mi nistr ati o n will b e pr es e nt e d f or e a c h l a b or at or y a n al yt e. F or e a c h 
l a b or at or y a n al yt e, d es cri pti v e st atisti cs will b e pr o vid e d f or v al u es m e as ur e d at e a c h s c h e d ul e d visit, 
a n d f or c h a n g e i n v al u es fr o m b as eli n e t o e a c h s c h e d ul e d visit. Si mil arl y, d es cri pti v e st atisti cs of vit al 
si g ns will b e pr o vi d e d. 

I nt eri m s af et y a n al y s es will b e c o n d u ct e d an n u all y t hr o u g h c o m pl eti o n of t h e st u d y. 

S u bst u d y 1: S af et y a n d Effi c a c y A n al ys es  

Effi c a c y will b e ass ess e d b y t h e a bilit y of K u v a n, a d mi nist er e d o v er a 6- m o nt h p eri o d, t o c o ntr ol bl o o d 
P h e c o n c e ntr ati o ns wit hi n a c c e pt a bl e r a n g es f or a g e a n d f or t h e crit eri a us e d at t h e tr e at m e nt c e nt ers. 
Effi c a c y e n d p oi nts ar e: 

•  Pr o p orti o n of s u bj e cts w h os e bl o o d P h e c o n c e n tr ati o n is wit hi n a c c e pt a bl e r a n g es at 
p ost-tr e at m e nt visits 

•  M e a n c h a n g e i n bl o o d P h e c o n c e ntr ati o n fr o m b as eli n e t o p ost-tr e at m e nt m o nt hl y visits 

A n e x a ct 9 5 % CI f or t h e pr o p orti o n of s u bj e cts w h os e bl o o d P h e c o n c e ntr ati o n wit hi n a c c e pt a bl e 
r a n g es at e a c h p ost-tr e at m e nt visit a n d a 9 5 % c o nfi de n c e i nt er v al ( CI) f or t h e m e a n c h a n g e i n bl o o d 
P h e c o n c e ntr ati o n fr o m b as eli n e t o p ost-tr e at m e nt m o nt hl y visits will b e pr o vi d e d f or t h e effi c a c y 
ass ess m e nt. B as eli n e bl o o d P h e c o n c e ntr ati o n will b e  c al c ul at e d usi n g t h e m e a n of S cr e e ni n g a n d 
W e e k 0 ( pri or t o d osi n g wit h K u v a n) r es ults.  

S af et y r es ults f or t h e first 6 m o nt hs of tr e at m e nt will b e a n al y z e d as d es cri b e d a b o v e. 

S u bst u d y 2: P h a r m a c o ki n eti c A n al ys es 

T h e ti m e c o urs e of t h e c al c ul at e d B H 4 c o n c e ntr ati o n (fr o m pl as m a t ot al bi o pt eri n m e as ur e m e nt) will 
b e m o d el e d t o esti m at e t h e f oll o wi n g p o p ul ati o n P K p a r a m et ers f or K u v a n: a p p ar e nt cl e ar a n c e ( C L/ F) 
wit h ass o ci at e d i nt er-i n di vi d u al v ari a bilit y, a p p ar e nt v ol u m e of distri b uti o n ( V c/ F) wit h ass o ci at e d 



 P K U- 0 1 5  P a g e  4 1  

 

Pr o pri et ar y a n d C o nfi d e nti al 3 0 N o v e m b er 2 0 1 0 

N A M E O F C O M P A N Y 
Bi o M ari n P h ar m a c e uti c al I n c. 
1 0 5 Di git al Dri v e 
N o v at o, C A 9 4 9 4 9 
 
N A M E O F FI NI S H E D P R O D U C T: 
K u v a n ®  
 
N A M E O F A C TI V E I N G R E DI E N T: 
s a pr o pt eri n di h y dr o c hl ori d e; 6 R- B H 4  

S U M M A R Y T A B L E 
R ef erri n g t o P art of t h e 
D ossi er: 
 
V ol u m e:  
 
P a g e:    
 
R ef er e n c e:  

F O R N A TI O N A L 
A U T H O RI T Y U S E 
O N L Y: 

i nt er-i n di vi d u al v ari a bilit y, a n d a bs or pti o n r at e c o nst a nt wit h ass o ciat e d i nt er-i n di vi d u al v ari a bilit y 
( K a). D at a fr o m t h e S u bst u d y 2 m a y als o b e p o ole d wit h P K d at a o bt ai n e d fr o m a d ult s u bj e cts i n 
pr e vi o us cli ni c al st u di es.  
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2. 1  S c h e d ul e of E v e nts 

T a bl e 2. 1:  S c h e d ul e of E v e nts, All S u bj e cts 

P a rt 1: E v al u ati o n of 
K u v a n R es p o nsi v e n ess 
(i n cl u d es S u bst u d y 2)a

P a rt 2: L o n g-t e r m Ass ess m e nt of  N e u r o c o g niti v e A bilit y a n d S af et yb, v   

S u bst u d y 1:  6- M o nt h S af et y a n d Effi c a c y  
F oll o w-
u p/ E T V d  

Ass e ss m e nt  S c r e e ni n g a  
W 0 e  W 1  W 2  W 3  W 4 f M 2 c M 3 c M 4 c M 5 c

M
5M 6 c M 1 2 g M 1 8 g  M 2 4 g M 3 0 g M 3 6 g M 4 2 g M 4 8 g M 5 4 g M 6 0/ 

M 8 4 g  

I nf or m e d  c o n s e nt   X                           
M e di c al  hist or y   X                           
Vit al si g ns  X  X h  X  X  X  X  X  X  X  X  X  X   X   X  X  X  X  X  X   X   ( X i) 
W ei g ht   X   X  X  X  X  X  X  X  X  X  X  X   X   X  X  X  X  X  X   X   ( X i) 
H ei g ht, h e a d 
cir c u mf er e n c e v  

X   X     X   X     X  X   X   X  X  X  X  X  X   X   ( X i) 

P h y si c al  e x a mi n ati o n   X   X     X   X     X  X   X   X  X  X  X  X  X   X   ( X i) 
L a b or at or y t ests j X   X  X   X  X  X  X  X  X  X  X   X   X  X  X  X  X  X   X   ( X i) 
E C G k    X                        
Pr e g n a n c y t ests l  X   X     X        X  X   X   X  X  X  X  X  X   X   X  
Bl o o d P h e m   X   X  X  X  X  X  X  X  X  X  X  X   X   X  X  X  X  X  X   X    
Tr y pt o p h a n,  t yr osi n e   X       X   X    X  X     X   X   X    X   ( X i) 
C o n c o mit a nt  m e ds   X   X  X  X  X  X  X  X  X  X  X  X   X   X  X  X  X  X  X   X   X  
A d v ers e e v e nts     Xn  X  X  X  X  X  X  X  X  X  X   X   X  X  X  X  X  X   X   X  
Tr e at m e nt wit h 
K u v a n/ Dis p e ns e St u d y 
Dr u g   

 X X  X  X  X  X  X  X  X  X  X   X   X  X  X  X  X  X   X    

Di et ar y P h e R x a n d 
di et ar y P h e i nt a k e 

X   X  X  X  X  X  X  X  X  X  X  X   X   X  X  X  X  X  X   X   X  

D efi niti o ns:  B a yl e y-III, B a yl e y S c al es of I nf a nt a n d T o d dl er D e v el o p m e nt, T hir d E diti on; E T V, E arl y T er mi n ati o n Visit; M, M o nt h; P h e, p h e n yl al a ni n e; R x, pr es cri pti o n; 

W, W e e k; WI S C-I V, W e c h sl er I nt elli g e n c e S c al e f or C hil dr e n, F o urt h  E diti o n; W P P SI-III, W e c h sl er Pr es c h o ol a n d Pri m ar y S c al e of I nt elli g e n c e, T hir d E diti o n. 
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T a bl e 2. 1: S c h e d ul e of E v e n ts, All S u bj e cts, c o nt’ d 

 P a rt 1: E v al u ati o n of 
K u v a n R es p o nsi v e n ess 
(i n cl u d es S u bst u d y 2)a  

P a rt 2: L o n g-t e r m Ass ess m e nt of  N e u r o c o g niti v e A bilit y a n d S af et yb, v  
  

S u bst u d y 1: 6- m o nt h S af et y a n d Effi c a c y 
F oll o w-
u p/ E T V
d  

Ass e ss m e nt  S c r e e ni n g  

W 0 e  W 1  W 2  W 3  W 4 f M 2 c  M 3 c M 4 c M 5 c M 6 c  M 1 2 g  M 1 8 g M 2 4 g M 3 0 g  M 3 6 g M 4 2 g M 4 8 g M 5 4 g M 6 0/
M 8 4 g

 

Di et ar y P h e 
m o difi c ati o n o  

    X  X  X  X   X  X  X  X  X   X   X   X   X   X  X  X  X  X    

N e ur o c o g niti v e t ests p                             ( Xq,r,s,t ) 

  B a yl e y-IIIq   
 ( a g es 0 t o 
< 3 0 m o nt hs) 

 
     X     X  X  X  X          ( X q ) 

  W P P SI-IIIr,s 
  (≥ 3 0 m o nt h s t o 
   < 7 y e ars) 

 
     X      X   X    X   X   X u  ( X s,r) 

  WI S C-I Vt 
  (≥  7 y e ars) 

 
     X      X   X    X   X   X u  ( X ,t) 

S u bst u d y 2                        
  P o p ul ati o n P Kw    X  X X  X  X                                

 

D efi niti o ns:  B a yl e y-III, B a yl e y S c al es of I nf a nt a n d T o d dl er D e v el o p m e nt, T hir d E diti on; E T V, E arl y T er mi n ati o n Visit; M, M o nt h; P h e, p h e n yl al a ni n e; R x, pr es cri pti o n; W, 

W e e k; WI S C-I V, W e c hsl er I nt elli g e n c e S c al e f or C hil dr e n, F o urt h E d iti o n; W P P SI-III, W e c h sl er Pr es c h o ol a n d Pri m ar y S c al e of I ntelli g e n c e, T hir d E diti o n.  

a D uri n g S cr e e ni n g a n d P art 1, w e e kl y visits s h o ul d o c c ur wit hi n 2 d a ys of s c h e d ul e d ti m e p oi nt (i e, ±  2 d a ys). All visits will o c c ur at t h e cli ni c. 
b T h e P art 2 ass ess m e nt s c h e d ul e will c o nti n u e u ntil M o nt h 8 4 ( 7 y e ars).  

c  M o nt hl y visits s h o ul d o c c ur wit hi n 5 d a ys of s c h e d ul e d ti m e p oi nt (i e, ±  5 d a ys) f or M 2, M 3, M 4, M 5 a n d M 6 . All visits will o c c ur at t h e cli ni c. 
d  E v e r y s u bj e ct s h o ul d c o m pl et e a F oll o w- u p o r T e r mi n ati o n visit t o  e n d t h ei r p a rti ci p ati o n i n t he st u d y. F oll o w- u p visit is p e rf o r m e d f o r s u bj e cts w h o c o m pl et e o nl y 

P a rt 1 of t h e st u d y, o r w h o a r e e n r oll e d i nt o P a rt 2 a n d c o m pl et e  P a rt 2.  T h e T e r mi n ati o n visit is c o m pl et e d b y s u bj e cts w h o wit h d r a w o r a r e dis c o nti n u e d f r o m t h e 
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st u d y.  S u bj e cts w ill b e c o nt a ct e d b y t el e p h o n e 4 w e e ks ( 2 8 ±±  3 d a ys) aft e r t h e l a st d os e of st u d y d r u g, u nl ess r e q ui r e d t o r et u r n f o r a cli ni c visit (s e e f o ot n ot es i, q, r, s, 

a n d t). ”   
e  All st u d y pr o c e d ur es f or t h e W 0 visit m u st o c c ur b ef or e t h e fir st d o s e of st u d y dr u g is t a k e n d uri n g t h at visit. S u bj e cts will r e c ei v e t h eir first d os e of st u d y dr u g u n d er o bs er v ati o n 

aft er all ot h er pr o c e d ur es h a v e b e e n p erf or m e d. P h ysi c al e x a mi n a ti o n, cli ni c al l a b or at or y t ests, h ei g ht a n d h e a d cir c u mf er e n c e m e as ur e m e nts will b e r e p e at e d o nl y if t h e W 0 visit 

is > 7 d a ys aft er t h e S cr e e ni n g visit. 
f S u bj e cts will b e eli gi bl e t o p arti ci p at e i n P art 2 if t h e y h a v e a ≥  3 0 % a v er a g e r e d u cti o n i n bl o o d P h e c on c e ntr ati o ns c al c ul at e d as t h e m e a n of t h e w e e kl y p er c e nt c h a n g e fr o m 

b as eli n e at W e e ks 1, 2, 3, a n d 4.  
g 6- m o nt h visits s h o ul d o c c ur wit hi n 2 w e e k s of s c h e d ul e d ti m e p oi nt (i e, ±  2 w e e ks). All visits will o c c ur at t h e cli ni c.  
h Vit al si g n s will b e t a k e n pr e- d os e a n d f or 3 h o ur s f oll o wi n g t h e first d o s e i n all s u bj e cts ( at 1 5, 3 0, 4 5, 6 0, 9 0, 1 2 0, a n d 1 8 0 mi n ut es p ost- d o s e). 
i S u bj e cts wit h pr e vi o u s l a b or at or y t est r es ults t h at r e v e al cli n i c all y si g nifi c a nt a b n or m aliti es will h a v e a cli ni c visit at f oll o w- u p r at h er t h a n a t el e p h o n e visit, wit h r e p e at vit al 

si g ns, p h ysi c al e x a mi n ati o n, a n d cli ni c al l a b or at or y t ests. 
j Cli ni c al l a b or at or y t ests i n cl u d e h e m at ol o g y, c h e mistr y, a n d uri n al ysis. U ri n al y sis m a y b e p e rf o r m e d i n t h e cli ni c al l a b o r vi a “ di psti c k ” i n c hil d r e n t o o y o u n g t o p r o vi d e a 

u ri n e s a m pl e. 
k A n E C G will b e o bt ai n e d 2- 6 h o urs f oll o wi n g t h e first d o s e of K u v a n o n t h e first 8 0 s u bj e cts e nr oll e d u nl ess d at a fr o m ot h er st u di es ar e cl e ar t h at K u v a n d o es n ot h a v e a n eff e ct 

o n t h e Q T i nt er v al. 
l Pr e g n a n c y t ests will b e c o n d u ct e d w h e n, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct r e a c h es c hil d- b e ari n g p ot e nti al. 

m  Bl o o d s a m pl es f or a s u bj e ct s h o ul d b e o bt ai n e d at a p pr o xi m at el y t h e s a m e ti m e of d a y at e a c h visit a n d will b e a n al y z e d at a l o c al l a b or at or y.  
n  O nl y s eri o us a d v ers e e v e nts ( S A Es) ar e c oll e ct e d at t h e W 0 visit ( aft er I nf or m e d C o ns e nt is si g n e d, b ut pri or t o first d o s e of st u d y dr u g). T h e r e p orti n g p eri o d f or n o n-s eri o us 

A Es b e gi n s aft er t h e first d o s e of st u d y dr u g is a d mi nist er e d. 
o  If a s u bj e ct’ s bl o o d P h e c o n c e ntr ati o n dr o ps b el o w 1 2 0 μ m ol/ L , at t h e dis c r eti o n of t h e i n v esti g at o r, t h e s u bj e ct’s di et ar y P h e r estri cti o n m a y  b e m o difi e d t o all o w a g r a d u al  

i n cr e as e d i nt a k e of a p p r o xi m at el y  5- 2 0 m g/ k g of P h e p er d a y, a v oi di n g u nst a bl e s wi n gs i n t h e bl o o d P h e v al u es..  
p N e ur o c o g niti v e t esti n g will b e p erf or m e d wit hi n 6 w e e k s aft er a s u bj e ct is d et er mi n e d t o b e K u v a n r es p o n si v e. 
q  B a yl e y-III, p erf or m e d wit hi n 6 w e e ks of d et er mi n ati o n of K u v a n r es p o nsi v e n ess i n K u v a n-r es p o n si v e s u bj e cts a n d at 6 m o nt hs i nter v als t h er e aft er u ntil t h e s u bj e ct is 

≥  3 0 m o nt h s ol d. At t h at ti m e, t h e s u bj e ct will b e ass ess e d usi n g t h e W P P SI-III t est. If a s u bj e ct l e a v es t h e st u d y b et w e e n 4 t o 6 m o nt hs aft er t h e pr e c e di n g B a yl e y-III ass ess m e nt, 

t his t est, or t h e W P P SI-III t est if t h e s u bj e ct is ≥ 3 0 m o nt h s at dr o p o ut, will b e d o n e at f oll o w- u p. 
r W P P SI-III, p erf or m e d wit hi n 6 w e e ks of d et er mi n ati o n of K u v a n r es p o nsi v e n ess i n K u v a n-r es p o n si v e s u bj e cts, t h e n  y e arl y t h er e aft er u ntil t h e s u bj e ct is ≥ 7 y e a rs ol d . At t h at 

ti m e, t h e s u bj e ct will b e ass ess e d u si n g t h e WI S C-I V t est. If a s ubj e ct l e a v es t h e st u d y b et w e e n 9 m o nt h s a n d 1 y e ar aft er t h e pr e c e di n g W P P SI-III ass ess m e nt, t his, or t h e 

WI S C-I V t est if t h e s u bj e ct is ol d er t h a n 7 y e ars at dr o p o ut, will b e d o n e at f oll o w- u p. 
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s T h e W P P SI-III h as t w o f o r ms. T h e y o u n g e r c hil d r e n will b e a d mi nist e r e d t h e fi rst f o r m f or a g es 3 0 m o nt hs u p t o 4 y e a rs ol d. T h e s e c o n d f o r m will b e us e d f o r s u bj e cts 

4 y e a rs of a g e u p t o 7 y e a rs ol d. 
t WI S C-I V, p erf or m e d wit hi n 6 w e e ks of d et er mi n ati o n of K u v a n r es p o n si v e n ess i n K u v a n-r es p o n si v e s u bj e cts a n d e v e r y 2 y e a rs  t h er e aft er. If a s u bj e ct l e a v es t h e st u d y b et w e e n 

9 m o nt hs a n d 1 y e ar aft er t h e pr e c e di n g WI S C- VI ass ess m e nt, t his t est will b e d o n e at f oll o w- u p. 
u T h e W P P SI-III o r WI S C-I V will c o nti n u e t o b e a d mi nist e r e d o n a n a n n u al o r  bi- a n n u al b asis, d e p e n d e nt o n s u bj e ct’s a g e, at m o nt h s, 6 0, 7 2 a n d 8 4.  

v 3- M o nt h i nt e ri m p h o n e c o nt a ct s h o ul d o c c u r wi t hi n 1 w e e k of s c h e d ul e d ti m e p oi nt (i e, ±±  1 w e e k). P h o n e c alls will b e p e rf o r m e d b et w e e n cli ni c visits t h at o c c u r aft e r 
m o nt h 6 a n d t h r o u g h M o nt h 8 4.  S u bj e cts will b e c o nt a ct e d b y t el e p h o n e t o d o c u m e nt t h e s u bj e ct's w ei g ht, st u d y d r u g s u p pl y, A Es , a n d C o n M e ds. 
w T h e p o p ul ati o n P K st u d y will b e p erf or m e d u si n g 8 0 s u bj e cts, wit h at l e ast 1 0  s u bj e cts 0- 1 y e ars ol d, a n d 7 0  s u bj e cts > 1- 6 y e ars ol d w h o e nr oll i n P art 1 of t h e st u d y. 
S e e S e cti o n  1 2. 3 f or d et ails. 
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A b br e vi ati o ns  

A D R  A d v ers e Dr u g R e a cti o n 

A E  A d v ers e  E v e nt  

A L A G  A bs or pti o n  l a g-ti m e  

A L T  Al a ni n e  tr a ns a mi n as e  

A S T  As p art at e  tr a ns a mi n as e  

B a yl e y-III ®  B a yl e y S c al es of I nf a nt a n d T o d dl er D e v el o p m e nt ®- T hir d E diti o n 

B H 4 T etr a h y dr o bi o pt eri n; K u v a n f or m ul a ti o n c o nt ai ns 6 R- B H 4 (s a pr o pt eri n) 

B U N  Bl o o d  ur e a  nitr o g e n  

C D  C o m p a ct  dis k  

C F R C o d e of F e d er al R e g ul ati o ns 

CI  C o nfi d e n c e  i nt er v al  

C L/ F  A p p ar e nt  cl e ar a n c e  

C R A Cli ni c al R es e ar c h Ass o ci at e 

C R F C as e R e p ort F or m 

d/ L D e cilit er p er lit er 

D B P Di ast oli c bl o o d pr ess ur e 

D M C  D at a M o nit ori n g C o m mitt e e 

E C  Et hi cs  C o m mitt e e  

E C G  El e ctr o c ar di o gr a m  

E T V E arl y t er mi n ati o n visit 

F D A F o o d a n d Dr u g A d mi nistr ati o n 

F/ U  F oll o w- u p  

G C P G o o d Cli ni c al Pr a cti c e 

G G T G a m m a gl ut a m yl tr a nsf er as e 

HI P A A  H e alt h I ns ur a n c e P ort a b ilit y a n d A c c o u nt a bilit y A ct 

H P A  H y p er p h e n yl al a ni n e mi a  

I B I n v esti g at or’s Br o c h ur e  

I C F  I nf or m e d  C o ns e nt  F or m  

I C H I nt er n ati o n al C o nf er e n c e o n H ar m o ni s ati o n 

I N D I n v esti g ati o n al N e w Dr u g 

I P  I n v esti g ati o n al  Pr o d u ct ( St u d y Dr u g) 
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I Q  I nt elli g e n c e  q u oti e nt  

I R B  I nstit uti o n al  R e vi e w  B o ar d  

I V 

K a 

I ntr a v e n o us 

A bs or pti o n r at e c o nst a nt 

M e d D R A  M e di c al Di cti o n ar y f or R e g ul at or y A cti viti es 

M R C Britis h M e di c al R es e ar c h C o u ns el 

N O A E L  N o o bs er v a bl e a d v ers e eff e ct l e v el 

P D E 5  P h os p h o di est e r as e  t y p e 5 i n hi bit o r 

P h e  P h e n yl al a ni n e  

PI  Pri n ci p al  I n v esti g at or  

P K  P h ar m a c o ki n eti c  

P K U  P h e n yl k et o n uri a  

Q/ F A p p ar e nt i nt er- c o m p art m e nt al cl e ar a n c e 

®  R e gist er e d  tr a d e m ar k  

R E B R es e ar c h Et hi cs B o ar d 

S A E S eri o us A d v ers e E v e nt 

S A P St atisti c al A n al ysis Pl a n  

S B P S yst oli c bl o o d pr ess ur e 

S D  St a n d ar d  d e vi ati o n  

S D V  S o ur c e d at a v erifi e d 

S E  St a n d ar d  err or  

U S  U nit e d  St at es  

V c/ F  A p p ar e nt v ol u m e of distri b uti o n of t h e c e ntr al c o m p art m e nt 

W P P SI ™ -III   W e c hsl er Pr es c h o ol a n d Pri m ar y S c al e of I nt elli g e n c e ™ - T hir d E diti o n 

WI S C ®-I V   W e c hsl er I nt elli g e n c e S c al e f or C hil dr e n ®- F o urt h E diti o n 
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D efi niti o n of T er ms:  

I n v esti g ati o n al Pr o d u ct (I P): 

“ A p h ar m a c e uti c al f or m of a n a c ti v e i n gr e di e nt or pl a c e b o b ei n g t est e d or us e d as a r ef er e n c e 

i n a cli ni c al tri al, i n cl u di n g a pr o d u ct wit h a m ar k eti n g a ut h ori z ati o n w h e n us e d or ass e m bl e d 

(f or m ul at e d or p a c k a g e d) i n a w a y diff er e nt fro m t h e a p pr o v e d f or m, or w h e n us e d f or a n 

u n a p pr o v e d i n di c ati o n, or w h e n us e d t o g ai n f urt h er i nf or m ati o n a b o ut a n a p pr o v e d us e. ” 

(fr o m E 6 I C H)  

T h e t er ms “I P ” a n d “st u d y dr u g ” m a y b e us e d i nt er c h a n g e a bl y i n t h e pr ot o c ol. 
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5  E T HI C S 

5. 1  I nstit uti o n al R e vi e w B o a r d o r Et hi cs C o m mitt e e 

Pri or t o i niti ati n g t h e st u d y, t h e I n v esti g at or will o bt ai n writt e n c o nfir m ati o n t h at t h e 

I nstit uti o n al R e vi e w B o ar d (I R B), Et hi cs C o m mitt e e ( E C), or R es e ar c h Et hi cs B o ar d ( R E B) 

is pr o p erl y c o nstit ut e d a n d c o m pli a nt wit h I nt er n ati o n al C o nf er e n c e o n H ar m o nis ati o n (I C H) 

a n d G o o d Cli ni c al Pr a cti c e ( G C P ) r e q uir e m e nts, a p pli c a bl e l aws a n d l o c al r e g ul ati o ns. A 

c o p y of t h e c o nfir m ati o n fr o m t h e I R B/ E C will b e  pr o vi d e d t o Bi o M ari n P h ar m a c e uti c al I n c. 

( Bi o M ari n) or its d esi g n e e. T he Pri n ci p al I n v esti g at or ( PI) will pr o vi d e t h e I R B/ E C wit h all 

a p pr o pri at e m at eri al, i n cl u di n g t h e pr ot o c ol, I n v esti g at or’s Br o c h ur e (I B) or P a c k a g e I ns ert, 

t h e I nf or m e d C o ns e nt F or m (I C F) i n cl u di n g c om p e ns ati o n pr o c e d ur es, a n d a n y ot h er writt e n 

i nf or m ati o n pr o vi d e d t o t h e s u bj e cts, i n cl u din g all c o ns e nt f or ms tr a nsl at e d t o a l a n g u a g e 

ot h er t h a n t h e n ati v e l a n g u a g e of t h e cli ni c al sit e. T h e st u d y will n ot b e i niti at e d a n d 

I n v esti g ati o n al Pr o d u ct (I P) s u p pli es will n ot b e s hi p p e d t o t h e sit e u ntil a p pr o pri at e 

d o c u m e nts fr o m t h e I R B/ E C c o nfir mi n g u n c o n diti o n a l a p pr o v al of t h e pr ot o c ol, t h e I C F a n d 

all s u bj e ct r e cr uit m e nt m at eri als ar e o bt ai n e d i n  writi n g b y t h e PI a n d c o pi es ar e r e c ei v e d at 

Bi o M ari n or its d esi g n e e. T h e a p pr o v al d o c u m e n t s h o ul d r ef er t o t h e st u d y b y pr ot o c ol titl e 

a n d Bi o M ari n pr ot o c ol n u m b er (if p ossi bl e), i d e ntif y t h e d o c u m e nts r e vi e w e d, a n d i n cl u d e 

t h e d at e of t h e r e vi e w a n d a p pr o v al. Bi o M ari n will e ns ur e t h at t h e a p pr o pri at e r e p orts o n t h e 

pr o gr ess of t h e st u d y w er e m a d e t o t h e I R B/ E C or R E B a n d Bi o M ari n b y t h e PI i n 

a c c or d a n c e wit h a p pli c a bl e g o v er n m e nt al r e g ul ati o ns. 

5. 2  Et hi c al C o n d u ct of St u d y 

T his st u d y will b e c o n d u ct e d i n a c c or d a n c e wit h t h e f oll o wi n g: 

•  U S C o d e of F e d er al R e g ul ati o ns ( C F R) s e cti o ns t h at a d dr ess cli ni c al r es e ar c h 
st u di es, a n d/ or ot h er n ati o n al a n d l o c al r e g ul ati o ns, as a p pli c a bl e 

•  E 6 I nt er n ati o n al C o nf er e n c e o n H ar m o nis a ti o n [I C H] G ui d eli n e f or G o o d Cli ni c al 
Pr a cti c e  

•  T h e et hi c al pri n ci pl es est a blis h e d b y t h e D e cl ar ati o n of H elsi n ki 

S p e cifi c all y, t his st u d y is b as e d o n a d e q u a t el y p erf or m e d l a b or at or y a n d a ni m al 

e x p eri m e nt ati o n; t h e st u d y will b e c o n d u ct e d u n d er a pr ot o c ol r e vi e w e d a n d a p pr o v e d b y a n 

I R B/ E C; t h e st u d y will b e c o n d u ct e d b y s ci e ntifi c all y a n d m e di c all y q u alifi e d p ers o ns; t h e 

b e n efits of t h e st u d y ar e i n pr o p or ti o n t o t h e ris ks; t h e ri g hts an d w elf ar e of t h e s u bj e cts will 

b e r es p e ct e d; t h e p h ysi ci a ns c o n d u cti n g t h e st u d y d o n ot fi n d t h e h a z ar ds t o o ut w ei g h t h e 

p ot e nti al b e n efits; a n d e a c h s u bj e ct, or his/ h er l e g all y a ut h ori z e d r e pr es e nt ati v e will pr o vi d e 

writt e n, i nf or m e d c o ns e nt b ef or e a n y st u d y-r e l at e d t ests or e v al u ati o ns ar e p erf or m e d. 
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5. 3  S u bj e ct I nf o r m ati o n a n d I nf o r m e d C o ns e nt 

A pr o p erl y writt e n a n d e x e c ut e d I C F, i n c o m p li a n c e wit h t h e D e cl ar ati o n of H elsi n ki, 

E 6 I C H ( G C P G ui d eli n e, S e cti o n 4. 8) a n d 2 1 C F R § 5 0 a n d ot h er a p pli c a bl e l o c al r e g ul ati o ns, 

will b e o bt ai n e d f or e a c h s u bj e ct pri or t o e nt eri n g t h e s u bj e ct i nt o t h e st u d y. T h e I n v esti g at or 

will pr e p ar e t h e I C F a n d pr o vi d e t h e d o c u m e nts t o Bi o M ari n f or a p pr o v al pri or t o s u b missi o n 

t o t h e I R B/ E C. Bi o M ari n a n d t h e I R B/ E C m ust a p pr o v e t h e d o c u m e nts b ef or e t h e y ar e 

i m pl e m e nt e d. A c o p y of t h e a p pr o v e d I C F, a n d if a p pli c a bl e, a c o p y of t h e a p pr o v e d s u bj e ct 

i nf or m ati o n s h e et, mi n or ass e nt f or m, p ar e nt al I C F f or st u di es i n v ol vi n g mi n ors, a n d all I C Fs 

tr a nsl at e d t o a l a n g u a g e ot h er t ha n t h e n ati v e l a n g u a g e of t h e cli ni c al sit e m ust als o b e 

r e c ei v e d b y Bi o M ari n or its d esi g n ee pri or t o t h e d eli v er y of st u d y dr u g. 

S u bj e cts u n d er t h e a g e of 1 8 y e ars will pr o vi d e writt e n ass e nt (if r e q uir e d), a n d his/ h er 

l e g all y a ut h ori z e d r e pr es e nt ati v e ( p ar e nt or l e g al g u ar di a n) will pr o vi d e writt e n i nf or m e d 

c o ns e nt f or s u c h s u bj e cts. T h e I n v esti g at or wi ll pr o vi d e c o pi es of t h e si g n e d I C F t o e a c h 

s u bj e ct ( or t h e s u bj e ct’s l e g all y a ut h ori z e d r e pr es e nt ati v e) a n d will m ai nt ai n t h e ori gi n al i n 

t h e s u bj e ct’s r e c or d fil e. 
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6  I N V E S TI G A T O R S A N D S T U D Y A D MI NI S T R A TI V E S T R U C T U R E 

Pri or t o b e gi n ni n g t h e st u d y, t h e PI at e a c h sit e m ust pr o vi d e t o Bi o M ari n or its d esi g n e e a 

f ull y e x e c ut e d a n d si g n e d F or m F D A 1 5 7 2 a n d a Fi n a n ci al Dis cl os ur e F or m. All s u b-

I n v esti g at ors m ust b e list e d o n F or m F D A 1 5 7 2. Fi n a n ci al Dis cl os ur e F or ms m ust als o b e 

c o m pl et e d f or all s u b-I n v esti g at ors list e d  o n t h e F or m F D A 1 5 7 2 w h o will b e dir e ctl y 

i n v ol v e d i n t h e tr e at m e nt or e v al u ati o n of r es e ar c h s u bj e cts i n t his st u d y. 

T h e st u d y will b e a d mi nist er e d b y a n d m o nit o r e d b y e m pl o y e es or r e pr es e nt ati v es of 

Bi o M ari n. Cli ni c al R es e ar c h Ass o ci at es ( C R As) or tr ai n e d d esi g n e es will m o nit or e a c h sit e 

o n a p eri o di c b asis a n d p erf or m v erifi c ati o n of  s o ur c e d o c u m e nt ati o n f or e a c h s u bj e ct as w ell 

as ot h er r e q uir e d r e vi e w pr o c ess es. Bi o M ari n ’s R e g ul at or y Aff airs D ep art m e nt ( or d esi g n e e) 

will b e r es p o nsi bl e f or t h e ti m el y r e p orti n g of s e ri o us a d v ers e e v e nts ( S A Es) t o a p pr o pri at e 

r e g ul at or y a ut h oriti es as r e q uir e d. 

Pri or t o d at a b as e l o c k i n m ulti c e nt er st u di es, a c o or di n ati n g i n v esti g at or will b e i d e ntifi e d 

w h o will r e a d t h e cli ni c al st u d y r e p ort a n d c o nf ir m t h at it a c c ur at el y d es cri b es t h e c o n d u ct 

a n d r es ults of t h e st u d y, t o t h e b est of his or  h er k n o wl e d g e. T h e c o ordi n ati n g i n v esti g at or 

will b e c h os e n o n t h e b asis of a cti v e p arti ci p ati o n i n t h e st u d y, a bilit y t o i nt er pr et d at a, a n d 

willi n g n ess t o r e vi e w a n d si g n t h e r e p ort i n a s p e cifi e d ti m efr a m e. 
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7  I N T R O D U C TI O N 

A c o m pr e h e nsi v e r e vi e w of K u v a n ®  i s c o nt ai n e d i n t h e I B or p a c k a g e i ns ert s u p pli e d b y 

Bi o M ari n; t h e I n v esti g at or s h o ul d r e vi e w t h es e d o c u m e nts pr i or t o i niti ati n g t his st u d y. 

7. 1  N o n cli ni c al St u di es  

N o n cli ni c al st u di es w er e c o n d u ct e d i n mi c e, r ats, d o gs, a n d m ar m os ets at d os es r a n gi n g fr o m 

2 0 t o 4 0 0 0 m g/ k g a n d usi n g i ntr a v e n o us (I V) a n d or al r o ut es of s a pr o pt eri n a d mi nistr ati o n. I n 

a 5 2- w e e k m ar m os et t o xi c ol o g y st u d y i n w hi c h a ni m als r e c ei v e d or al d os a g es of 2 0, 8 0, or 

3 2 0 m g/ k g/ d a y s a pr o pt eri n, t h e n o o bs er v a bl e a d v ers e eff e ct l e v el ( N O A E L) w as d et er mi n e d 

t o b e 3 2 0 m g/ k g/ d a y. T h e o nl y o bs er v e d A Es i n t his st u d y w er e s ali v ati o n a n d v o miti n g, b ot h 

p ossi bl y c a us e d b y t h e d osi n g m et h o d a n d l o w p H  of t h e d osi n g s ol uti o n; n o l a b or at or y or 

hist o p at h ol o gi c a b n or m aliti es w er e f o u n d. I n a si mil ar 5 2- w e e k r at t o xi c ol o g y st u d y, a ni m als 

r e c ei v e d or al d os a g es of 4, 4 0, or 4 0 0 m g/k g/ d a y s a pr o pt eri n. T h e N O A E L w as d et er mi n e d 

t o b e 4 0 m g/ k g/ d a y, wit h a l o w i n ci d e n c e of mil d i n cr e as es i n b as o p hili c i nfiltr at es i n t h e 

r e n al c oll e cti n g t u b ul es of t he a ni m als tr e at e d wit h 4 0 0 m g/ k g/ d a y f or 5 2 w e e ks. T h e r e n al 

hist o p at h ol o gi c fi n di n gs w e r e n ot ass o ci at e d wit h c h a n g es i n cli ni c al c h e mistr y or uri n al ysis 

r es ults, a n d t h e fi n di n gs w er e b eli e v e d t o b e of n o cli ni c al c o ns e q u e n c e. A d diti o n all y, n o 

r e n al t u b ul ar c h a n g es w er e f o u n d i n t h e s u bs eq u e nt r at c ar ci n o g e ni cit y  st u d y, aft er 1 0 4 w e e ks 

of d ail y s a pr o pt eri n a d mi nistr a ti o n at d os es u p t o 2 5 0 m g/ k g/ d a y. 

C ar ci n o g e ni cit y st u di es usi n g d os es u p t o 2 ti m es t h e m a xi m u m r e c o m m e n d e d h u m a n d os e 

of 2 0 m g/ k g/ d a y w er e c o n d u ct e d i n F- 3 4 4 r ats  ( 2- y e ar st u d y) a n d C D- 1 mi c e ( 7 8- w e e k 

st u d y) ( P a c k a g e I ns ert). T h er e w as a n i n cr e as e i n t h e i n ci d e n c e of b e ni g n a dr e n al 

p h e o c hr o m o c yt o m a i n r ats tr e at e d at t h e hi g h est  d os e; n o c ar ci n o g e ni c eff e ct w as s e e n i n t h e 

mi c e. At 3 ti m es t h e m a xi m u m h u m a n d os e of  2 0 m g/ k g/ d a y, n o eff e ct o n f ertilit y or 

r e pr o d u cti o n f u n cti o n w as o bs er v e d i n m al e a n d f e m al e r ats. 

T h es e d at a, i n a d diti o n t o t h e d at a r e p ort e d i n t h e r e m ai n d er of t he n o n cli ni c al p h ar m a c ol o g y, 

p h ar m a c o ki n eti c, a n d t o xi c ol o g y st u di e s, s u p p ort t h e s af et y of K u v a n. 

F or m or e i nf or m ati o n o n n o n cli ni c al st u di es , s e e t h e I B or t h e P a c k a g e I ns ert. 
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7. 2  P r e vi o us Cli ni c al St u di es  

T h e effi c a c y a n d s af et y of K u v a n w er e e v al u at e d i n 4 m ulti c e nt er cli ni c al st u di es i n s u bj e cts 

wit h P K U. St u d y 1 w as a n o p e n-l a b el st u d y e v al u ati n g K u v a n at 1 0 m g/ k g / d a y i n s u bj e cts 

w h os e bl o o d p h e n yl al a ni n e ( P h e) c o n c e ntr ati o ns  w er e n ot i n c o ntr ol a n d w h o w er e n ot 

f oll o wi n g a P h e-r estri ct e d di et. St u d y 2 w as a d o u bl e- bli n d, pl a c e b o- c o ntr oll e d st u d y usi n g a 

K u v a n d os e of 1 0 m g/ k g/ d a y; St u d y 3 w as a d os e-titr ati o n st u d y e v al u ati n g K u v a n d os a g es 

of 5, 1 0, a n d 2 0 m g/ k g/ d a y i n s u bj e cts w h o c o m pl et e d St u d y 2; a n d St u d y 4 w as a n 

o p e n-l a b el st u d y usi n g K u v a n at a d os e of 2 0 m g/ k g/ d a y i n c h il dr e n a g es 4 t o 1 2 y e ars w h o 

w er e o n P h e-r estri ct e d di ets a n d w h os e bl o o d P h e c o n c e ntr ati o ns w er e ≤  4 8 0 μ m ol/ L at 

s cr e e ni n g.  

All st u di es s h o w e d t h at K u v a n l o w er e d bl o o d P h e c o n c e ntr ati o ns i n a s u bs et of s u bj e cts 

e nr oll e d i n e a c h st u d y. I n t h e 6- w e e k d o u bl e- bli n d st u d y ( St u d y 2), t h e K u v a n-tr e at e d gr o u p 

h a d a m e a n c h a n g e i n bl o o d P h e c o n c e ntr ati o n fr o m b as eli n e t o W e e k 6 of - 2 3 9 μ m ol/ L 

w hil e t h e pl a c e b o-tr e at e d gr o u p m e a n c h a n g e w as 6 μ m ol/ L; t h e m e a n p er c e nt c h a n g es 

( ± st a n d ar d d e vi ati o n, S D) w er e - 2 9 % ( ± 3 2 ) ( K u v a n) a n d 3 % ( ± 3 3) ( pl a c e b o). 

T h e diff er e n c e b et w e e n t h e gr o u ps w as st atisti c all y si g ni fi c a nt ( p < 0. 0 0 1). 

7. 3  St u d y R ati o n al e 

N u m er o us i n v esti g ati o ns h a v e r e v e al e d t h e d e v ast ati n g n e ur o ps y c h ol o gi c al i m p a ct of 

el e v at e d bl o o d P h e c o n c e ntr ati o n i n a d ults a n d c hil dr e n wit h P K U ( M o yl e, 2 0 0 7, 

N e ur o ps y c h ol. R e v.) . Ri g or o us c o ntr ol of di et is t y pi c all y a d v o c at e d i n c hil dr e n 4 y e ars a n d 

u n d er wit h P K U b e c a us e br ai n s e nsiti vit y t o hi g h P h e c o n c e ntr ati o ns is e x p e ct e d t o b e 

gr e at est d uri n g t h es e y e ars of r a pi d n e ur o c o g niti v e d e v el o p m e nt.  

T h e str o n g est d et er mi n a nt of i nt elli g e n c e q u ot i e nt (I Q) a n d c o g niti v e f u n cti o n is c o m pli a n c e 

wit h bl o o d P h e c o ntr ol. S e v er a l cli ni c al st u di es wit h K u v a n h a v e alr e a d y d e m o nstr at e d 

effi c a c y i n r e d u ci n g bl o o d P h e i n s u bj e cts ol d er t h a n 4 y e ars. T his st u d y will e x a mi n e 

w h et h er a d diti o n of K u v a n t o t h e st a n d ar d of c ar e at a n e arl y a g e i n c hil dr e n wit h 

w ell- c o ntr oll e d di ets c a n l o w er bl o o d P h e l e v els (i e, r e a c h a n d m ai nt ai n a g o al of 

≤  2 4 0 μ m ol/ L) a n d pr es er v e n e ur o c o g niti v e f u n cti o ni n g. I n a d diti o n, P art 1 of t his st u d y will 

pr o vi d e d at a o n K u v a n e x p os ur e, r at e of u pt a k e, h alf-lif e, a n d cl e a r a n c e i n y o u n g c hil dr e n. 
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7. 4  S u m m a r y of O v e r all Ris ks a n d B e n efits 

7. 4. 1  S u m m a r y of Ris ks 

R es p o ns e t o K u v a n tr e at m e nt i n P K U s u bj e cts is v ari a bl e. N ot all s u bj e cts r es p o n d e d t o 

tr e at m e nt wit h K u v a n i n cli ni c al tri als, an d t h e i niti ati o n of K u v a n tr e at m e nt d o es n ot 

eli mi n at e t h e n e e d t o m o nit or f or a d e q u at e bl o o d P h e c o ntr ol. Pr ol o n g e d el e v ati o ns i n bl o o d 

P h e c o n c e ntr ati o ns c a n r es ult i n n e ur ol o gi c i m p air m e nt. C o n v ers el y, s o m e s u bj e cts i n cli ni c al 

tri als w h o w er e f oll o wi n g P h e-r estri ct e d di et s a n d r e c ei v e d tr e at m e nt wit h K u v a n 

e x p eri e n c e d s u bst a nti al r e d u cti o ns of bl o o d P h e.  C o n c e ntr ati o ns of bl o o d P h e t h at ar e t o o 

l o w m a y b e ass o ci at e d wit h c at a b olis m a n d pr ot ei n br e a k d o w n. T h er ef or e, w h e n K u v a n is 

us e d i n c o m bi n ati o n wit h a P h e-r estri ct e d di et, p ati e nts s h o ul d b e m o nit or e d cl os el y t o e ns ur e 

t h at bl o o d P h e c o n c e ntr ati o ns ar e n ot t o o l o w, a n d, if n e c ess ar y, t h e d os e of K u v a n s h o ul d b e 

a dj ust e d or di et ar y P h e s h o ul d b e i n cr e as e d. 

A d v ers e r e a cti o ns h a v e us u all y b e e n mil d a n d tr a nsi e nt. T h e i nt e gr at e d s af et y d at a b as e 

c o nsists of 5 7 9 p ati e nts i n K u v a n cli ni c al tri als. T h es e p ati e nts w er e tr e at e d at d ail y d os es of 

5 m g/ k g, 1 0 m g/ k g, or 2 0 m g/ k g, fr o m 8 d a ys t o o v er 6 m o nt hs.  N o d os e-r el at e d or e xt e nt of 

e x p os ur e-r el at e d c h a n g e i n fr e q u e n c y of A Es w as o bs er v e d. Si x s eri o us a d v ers e e v e nts 

o c c urr e d i n cli ni c al tri als , n o n e w er e c o nsi d er e d t o b e st u d y dr u g r el at e d. O n e s u bj e ct 

wit h dr e w fr o m a cli ni c al tri al d u e t o a n A E of pr e g n a n c y. T h e m ost fr e q u e nt A Es t h o u g ht t o 

b e r el at e d t o K u v a n i n pl a c e b o- c o ntr oll e d tri als w er e p h ar y ng ol ar y n g e al p ai n, a n d 

r hi n orr h o e a. T h e m ost fr e q u e ntl y r e p ort e d a d v ers e r e a cti o ns i n all cli ni c al tri als ( > 4 %), 

r e g ar dl ess of r el ati o ns hi p t o st u d y dr u g, w er e h e a d a c h e, di arr h e a, a b d o mi n al p ai n, u p p er 

r es pir at or y tr a ct i nf e cti o n, p h ar y n g olar y n g e al p ai n, v o miti n g, a n d n a us e a .  Mil d t o m o d er at e 

n e utr o p e ni a w as n ot e d d uri n g K u v a n a d mi nistr ati o n i n 2 4 of 5 7 9 s u bj e cts ( 4 %) a n d i n 3 of 5 9 

s u bj e cts r e c ei vi n g pl a c e b o ( 5 %). 

P ot e nti al ris ks will b e ass ess e d i n P K U- 0 1 5 b y r e c or di n g of m e di c al hist or y, A Es, a n d vit al 

si g ns; p erf or mi n g p h ysi c al e x a mi n ati o ns a n d E C Gs, if r e q uir e d; a n d c o n d u cti n g cli ni c al 

l a b or at or y t ests ( c h e mistr y, h e m at ol o g y, a n d uri n al ysis). 
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7. 4. 2  S u m m a r y of B e n efits 

Pr ol o n g e d hi g h bl o o d P h e c o n c e ntr ati o ns ar e n e ur ot o xi c a n d l e a d t o i m p air m e nt of 

i nt elli g e n c e a n d ot h er br ai n f u n cti o ns (s u c h as att e nti v e n ess). R e d u cti o n of bl o o d P h e 

c o n c e ntr ati o ns t hr o u g h di et ar y c o ntr ol is a n i m p ort a nt d et er mi n a nt of l o n g-t er m n e ur ol o gi c 

o ut c o m e i n P K U p ati e nts, a n d r e d u cti o n of bl o o d P h e c o n c e ntr ati o ns i n p ati e nts wit h P K U 

h as b e e n s h o w n t o d e cr e as e t h e l o n g-t er m ris k of n e ur ol o gi c i nj ur y. It is diffi c ult f or m a n y 

p ati e nts t o m ai nt ai n r e d u c e d bl o o d P h e, a n d m a n y p ati e nts wit h P K U e x p eri e n c e s o m e d e gr e e 

of n e ur ol o gi c al i m p air m e nt d es pit e eff o rts t o m ai nt ai n di et ar y P h e c o ntr ol. 

I n cli ni c al tri als wit h K u v a n i n s u bj e cts wit h P K U, r e d u cti o ns i n bl o o d P h e c o n c e ntr ati o ns 

w er e o bs er v e d i n s o m e s u bj e cts. Alt h o u g h l o n g-t er m ass ess m e nt of n e ur ol o gi c f u n cti o n i n 

s u bj e cts wit h P K U r e c ei vi n g K u v a n f or t h e tr e at m e nt of el e v at e d bl o o d P h e h as n ot b e e n 

ass ess e d, K u v a n m a y h el p m ai nt ai n r e d u c e d bl o o d P h e c o n c e ntr ati o ns as a n a dj u n ct t o a 

P h e- c o ntr oll e d di et. 

S o m e s u bj e cts m a y n ot b e n efit fr o m p arti ci p ati o n i n P K U- 0 1 5; h o w e v er, t h eir p arti ci p ati o n 

i n t his st u d y mi g ht h el p i n t h e f ut ur e tr e at m e nt of ot h er in di vi d u als wit h P K U. 
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8  S T U D Y O B J E C TI V E S 

T h e pri m ar y o bj e cti v e of t h e st u d y is: 

•  T o e v al u at e t h e l o n g-t er m effi c a c y of K u v a n i n pr es er vi n g n e ur o c o g niti v e 
f u n cti o n i n c hil dr e n wit h P K U w h e n tr e at m e nt is i niti at e d at 0-6  y e ars 

T h e s e c o n d ar y o bj e cti v e(s) of t h e st u d y is ( ar e): 

•  T o e v al u at e t h e l o n g-t er m s af et y  of K u v a n i n t h e st u d y p o p ul ati o n  

•  T o e v al u at e t h e eff e ct of K u v a n o n gr o wt h p ar a m et ers i n t h e st u d y p o p ul ati o n 

S u bst u d y 1:  6- M o nt h S af et y a n d E ffi c a c y i n C hil d r e n 0- 6 Y e a rs Ol d 

Pri m ar y O bj e cti v e  

•  T o e v al u at e t h e s af et y of 6 m o nt hs of tr e at m e nt wit h K u v a n i n c hil dr e n wit h P K U 
w h o ar e 0- 6  y e ars ol d  

S e c o n d ar y O bj e cti v e   

•  T o e v al u at e t h e effi c a c y of 6 m o nt hs of tr e at m e nt wit h K u v a n i n c o ntr olli n g bl o o d 
P h e c o n c e ntr ati o n wit hi n a c c e pt a bl e r a n g es i n c hil dr e n wit h P K U w h o ar e 
0- 6  y e ars ol d  

•  T o pr o vi d e b as eli n e n e ur o c o g niti v e d at a f or all K u v a n-r es p o nsi v e s u bj e cts a n d 
6- m o nt h B a yl e y-III d at a f or s u bj e cts w h o ar e 0- 2 y e ars ol d at e nr oll m e nt 

 

S u bst u d y 2:  P o p ul ati o n P h a r m a c o ki n eti cs i n C hil d r e n  0- 6 Y e a rs Ol d 

Pri m ar y O bj e cti v e  

•  T o e v al u at e t h e p o p ul ati o n p h ar m a c o ki n eti cs of K u v a n i n y o u n g c hil dr e n 
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9  I N V E S TI G A TI O N A L P L A N 

9. 1  O v e r all St u d y D esi g n a n d Pl a n 

T his 2- p art m ulti c e nt er, o p e n-l a b e l st u d y is d esi g n e d t o e v al u at e t h e s af et y of K u v a n a n d its 

eff e ct o n n e ur o c o g niti v e f u n cti o n, bl o o d P h e c o n c e n tr ati o n, a n d gr o wt h i n c hil dr e n wit h P K U 

w h o ar e 0- 6 y e ars ol d. T h e st u d y will b e c o nsi d er e d c o m pl et e w h e n a p pr o xi m at el y 

4 5 s u bj e cts h a v e c o m pl et e d 7 y e ars of tr e at m e nt.  

O n e of t h e g o als of t h e st u d y will b e t o d e cr e as e bl o o d P h e l e v els t o r e a c h a g o al of 

≤  2 4 0 μ m ol/ L. S u bj e cts will m e et wit h a di eti ci a n  at e a c h st u d y vi sit t o r e vi e w di et ar y P h e 

i nt a k e. Di et ar y P h e m a y b e a d d e d t o t h e di et, at t h e dis cr eti o n of t h e I n v esti g at or, if a bl o o d 

P h e l e v el f alls b el o w 1 2 0 μ m ol/ L. S e e S e cti o n  9. 6 f or d et ails o n di et ar y P h e a dj ust m e nt.  

A s af et y e v al u ati o n will b e c o n d u ct e d i n t h es e s u bj e cts d uri n g t h e first 6 m o nt hs of t h e st u d y 

( S u bst u d y 1) a n d m a y i n cl u d e E C G t esti n g 2- 6 h o urs f oll o wi n g t h e first d os e of K u v a n. A 

p o p ul ati o n p h ar m a c o ki n eti c st u d y will b e c o n d u ct e d i n a s u bs et of t h es e c hil dr e n d uri n g 

W e e ks 0- 4 ( S u bst u d y 2). 

Fi g ur e 9. 1. 1  s h o ws a s c h e m ati c f or t h e st u d y. 
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Fi g u r e 9. 1. 1:  St u d y S c h e m ati c 
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P a rt 1:  E v al u ati o n of  K u v a n R es p o nsi v e n ess 

B e gi n ni n g at W e e k 0 a n d aft er all b as eli n e ass e ss m e nts ar e c o m pl et e d, s u bj e cts e nr oll e d i nt o 

t h e st u d y will r e c ei v e 2 0 m g/ k g K u v a n d ail y f or 4 w e e ks. S u bj e cts will r e t ur n t o t h e cli ni c 

w e e kl y f or s af et y ass ess m e nts a n d bl o o d P h e c o n c e ntr ati o n m e as ur e m e nt ( S u bst u d y 2, 

P o p ul ati o n P K). S u bj e cts s h o ul d c o nti n u e wit h t h eir c urr e nt l e v el of di et ar y P h e i nt a k e. 

H o w e v er, if a s u bj e ct’s bl o o d P h e c o n c e ntr ati o n dr o ps b el o w 1 2 0 μ m ol/ L , at t h e dis c r eti o n 

of t h e I n v esti g at o r,  a g r a d u al i n c r e as e of a p p r o xi m at el y 5 t o 2 0 m g/ k g of d ail y di et ar y 

P h e s u p pl e m e nt  m a y b e a d d e d t o t h e di et. It is i m p o rt a n t t o a v oi d u nst a bl e s wi n gs i n t h e 

bl o o d P h e v al u es . N o d os e a dj ust m e nts c a n b e m a d e d uri n g P art 1 wit h o ut c o ns ult ati o n wit h 

t h e M e di c al M o nit or. 

P a rt 2:  N e u r o c o g niti v e St u d y 

S u bj e cts w h o ar e r es p o nsi v e t o K u v a n (s e e t h e d efi niti o n of r es p o nsi v e n ess i n I n cl usi o n a n d 

E x cl usi o n  Crit eri o n) will c o nti n u e t o r e c ei v e d ail y si n gl e d os es of 2 0 m g/ k g K u v a n or all y. 

At t h e dis cr eti o n of t h e I n v esti g at or, t h e s u bj e ct’s d ail y P h e i n t a k e m a y b e m o difi e d if bl o o d 

P h e l e v els f all b el o w 1 2 0 μ m ol/ L d uri n g t h e st u d y. K u v a n d os e m a y als o b e r e d u c e d aft er 

W e e k 5 aft er c o ns ult ati o n wit h  t h e M e di c al M o nit or, i n su bj e cts w h o d o n ot t ol er at e t h e 

2 0 m g/ k g/ d a y d os e. N e ur o c o g niti v e t esti n g will b e p erf or m e d wit hi n 6 w e e ks of 

d et er mi n ati o n of K u v a n r es p o nsi v e n ess i n all K u v a n-r es p o nsi v e s u bj e cts. T h e t y p es of 

n e ur o c o g niti v e t ests us e d (i e, B a yl e y S c al e of I nf a nt a n d T o d dl er D e v el o p m e nt ® - T hir d 

E diti o n [ B a yl e y-III], W e c hsl er Pr es c h o ol a n d Pri m ar y S c al e of I nt e lli g e n c e ™- T hir d E diti o n 

[ W P P SI-III], a n d/ or W e c hsl er I nt elli g e n c e S c al e f or C hil dr e n® - F o urt h E diti o n [ WI S C-I V]), 

will b e t h os e c o nsi d er e d a p pr o pri at e f or t h e s u bj e ct’s a g e.  

T a bl e 9. 1. 1: N e u r o c o g niti v e Ass ess m e nts 

A g e G r o u p  I nf a n c y  P r es c h o ol  S c h o ol- A g e 

Ass ess m e nt  B a yl e y-III  W P P SI-III  W P P SI-III   WI S C-I V  

A g e  0  m o nt hs  

t hr o u g h 

 <  3 0 m o nt hs 

≥  3 0 m o nt hs 

t hr o u g h <  4 y e ars

≥  4 y e ars 

t hr o u g h 

 <  7 y e ars 

≥  7 y e ars a n d 

ol d er 

Fr e q u e n c y  E v er y 6 m o nt hs 

 ±  2 w e e ks 

O n c e a y e ar 

 ±  2 w e e ks 

O n c e a y e ar 

 ±  2 w e e ks  

E v er y 

2 y e ars  ±  2 w e e ks
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T h e B a yl e y-III will b e a d mi nist e r e d t o s u bj e ct s w h o a r e f r o m 0 m o nt hs t o l ess t h a n 3 0 

m o nt hs of a g e a n d will b e a d mi nist e r e d e v e r y  6 m o nt hs ± 2 w e e ks. At 3 0 m o nt hs ol d 

o r ol d e r, t h e s u bj e cts will b e a d mi nist e r e d t h e W P P SI-III. T h e W P P SI-III h as t w o 

f o r ms. T h e y o u n g e r c hil d r e n will b e a d mi nist er e d t h e fi rst f o r m f o r a g es 3 0 m o nt hs t o 

l ess t h a n 4 y e a rs ol d. T h e s e c o n d f o r m will b e us e d f o r s u bj e cts 4 y e a rs of a g e t o l ess 

t h a n 7 y e a rs ol d. T h e W P P SI-III will b e a d mi nist e r e d y e a rl y ± 2 w e e ks. B e gi n ni n g at 7 

y e a rs ol d st u d y, s u bj e cts will b e a d mi nist e r e d t h e WI S C-I V e v e r y 2 y e a rs ± 2 w e e ks. 

Gr o wt h, bl o o d P h e c o n c e ntr ati o n, a n d s af et y will b e m o nit or e d. T h es e a n d t h e 

n e u r o c o g niti v e  ass ess m e nts will b e p erf or m e d e ver y 6 t o 2 4 m o nt hs, d e p e n di n g o n t h e 

t y p e of ass ess m e nt, u ntil t h e e n d of t h e st u d y. R ef er t o T a bl e 2. 1  f or d et ails. 

T h e st u d y will b e c o nsi d er e d c o m pl et e w h e n a p pr o xi m at el y 4 5 s u bj e cts h a v e b e e n f oll o w e d 

f or 7 y e ars a n d h a v e at l e ast 2 p ost-tre at m e nt W P P SI-III a n d/ or WI S C-I V t ests 

a d mi nist er e d 2 y e ars a p art. 

Aft er st u d y c o m pl eti o n, s u bj e cts will b e gi v e n t h e o p p ort u nit y t o p arti ci p at e i n a r e gistr y 

st u d y t h at will f oll o w l o n g er t er m o ut c o m es. 

S u bst u d y 1:  S af et y a n d Effi c a c y i n S u bj e cts 0- 6 Y e a rs Ol d 

All K u v a n-r es p o nsi v e s u bj e cts will b e e nr oll e d  i n S u bst u d y 1 a n d will b e ass ess e d m o nt hl y 

f or t h e first 6 m o nt hs of t h e st u d y. Bl o o d P h e co n c e ntr ati o ns, v ari o us m e as ur es of gr o wt h, 

a n d s af et y d at a will b e c oll e ct e d. T h e s u bj e ct’s d ail y P h e i nt a k e will b e i n cr e as e d o nl y if t h e 

s u bj e ct’s bl o o d P h e l e v els f all b el o w 1 2 0 μ m ol/ L. K u v a n d os e m a y als o b e r e d u c e d aft e r 

W e e k 5 a n d  aft er c o ns ult ati o n wit h t h e M e di c al M o nit or if t h e s u bj e ct d o es n ot t ol er at e t h e 

a p pr o xi m at el y 5- 2 0 m g/ k g/ d a y d os e. R ef er t o  T a bl e 2. 1, S c h e d ul e of E v e nts f or t h e ti mi n g of 

ass ess m e nts. 

S u bst u d y 2: P o p ul ati o n P h a r m a c o ki n eti cs ( P K) i n S u bj e cts 0- 6 Y e a rs Ol d 

F or t h e p o p ul ati o n P K e v al u ati o n, t h e first 1 0  s u bj e cts i n t h e 0- 1 y e ar a g e gr o u p a n d t h e first 

7 0  s u bj e cts i n t h e > 1- 6 y e ar a g e gr o u p will b e e nr oll e d. T hr e e ( 3) pl as m a s a m pl es fr o m e a c h 

s u bj e ct i n t h e 0- 1 y e ar a g e gr o u p a n d 4 pl as m a s a m pl es fr o m e a c h s u bj e ct i n t h e > 1- 6 y e ar 

a g e gr o u p will b e c oll e ct e d at t h e W e e k 0, W e e k  1, W e e k 2, W e e k 3, a n d/ or W e e k 4 visits 

a c c or di n g t o a pr e d et er mi n e d s c h e d ul e. S e e S e cti o n  1 2. 3 a n d T a bl e 1 2. 3. 1  f or s a m pli n g 

wi n d o ws. 
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9. 2  Dis c ussi o n of St u d y D esi g n, I n cl u di n g C h oi c e of C o nt r ol G r o u p 

T h e d esi g n of t his cli ni c al st u d y is i nt e n d e d t o s u p pl y d at a  t o c o m pl e m e nt t h e r es ults 

of 2 c o m pl et e d d o u bl e- bli n d pl a c e b o- c o ntr oll e d st u di es t h at est a blis h e d t h e s af et y a n d 

effi c a c y of K u v a n i n P K U- aff e ct e d i n di vi d u als. P K U- 0 0 3 a n d P K U- 0 0 6 d e m o nstr at e d 

a c c e pt a bl e s af et y pr ofil es a n d st a tisti c all y a n d cli ni c all y m e a nin gf ul r e d u cti o ns i n bl o o d P h e 

c o n c e ntr ati o n i n s u bj e cts > 8 y e ars ol d a n d 4- 1 2 y e ars ol d, r es p e cti v el y. T h e l att er st u d y als o 

s h o w e d st atisti c all y a n d cli ni c all y m e a ni n gf ul  i n cr e as e d t ol er a n c e of a d diti o n al P h e i n t h e 

di et w hil e o v er all bl o o d P h e c o ntr ol w as m ai nt a i n e d. B e c a us e n eit h er st u d y i n cl u d e d s u bj e cts 

l ess t h a n 4 y e ars ol d n or ass ess e d t h e i m p a ct of t h e dr u g o n n e ur o c o g niti v e d e v el o p m e nt, 

t h es e f a ct ors b e c a m e t h e b asis f or u n d ert a ki n g t h e pr es e nt st u d y.  

P K U- 0 1 5 will all o w ass ess m e nt of s af et y, effi c a c y, a n d P K i n a s uffi ci e nt n u m b er of y o u n g 

s u bj e cts t o pr o vi d e a c o m p ar a bl e e x p eri e n c e wit h  t h e tr e at m e nt of ol d er aff e ct e d i n di vi d u als 

i n c o m pl et e d K u v a n cli ni c al st u di es. P K U- 0 1 5 c om pris es 0- 6 y e ar ol d c hil dr e n b e c a us e t his 

is t h e a g e r a n g e w h er e br ai n tiss u e is p arti c ul arl y s e nsiti v e t o t h e eff e cts of el e v at e d bl o o d 

P h e. T h e d esi g n d o es n ot i n cl u d e a c o ntr ol gr o u p f o r 3 r e as o ns. First, fr o m t h e p ers p e cti v e of 

P h e r e d u cti o n a n d o v er all s af et y, ot h er f or m ul ati o ns of B H 4 h a v e b e e n us e d s u c c essf ull y 

a cr oss all a g e gr o u ps (s u m m ari z e d i n S e cti o n  9. 4. 6), a n d t h er e is n o e vi d e n c e t h at s u bj e cts 

l ess t h a n 4 y e ars ol d will r es p o n d t o t his f or m ul ati o n of B H 4 an y diff er e ntl y t h a n t h os e ol d er 

t h a n 4 y e ars. S e c o n d, us e of a pl a c e b o is n ot pr a cti c al b e c a us e K u v a n is c o m m er ci all y 

a v ail a bl e. T hir d, i n cl usi o n of s u bj e cts 4- 6 y e ars ol d all o ws f or dir e ct c o m p aris o ns wit h 

s a m e- a g e s u bj e cts i n t h e dr u g-tr e a t e d a n d pl a c e b o ar ms of P K U- 0 0 6.  

P art 1 will all o w f or s el e cti o n of a s uit a bl e p o p ul ati o n t o c arr y o ut l o n g-t er m n e ur o c o g niti v e 

ass ess m e nts i n P art 2. F or i n cl usi o n i n P art 2, a mi ni m al l e v el of pr es er v e d n e ur o c o g niti v e 

f u n cti o n d o c u m e nt e d b y t est s c or es a n d r o b ust, c o nsist e nt r e d u cti o ns i n bl o o d P h e o v er 

4 w e e ks of tr e at m e nt i n P art 1 will e ns ur e t h at t h e l o n g-t er m b e n efits of K u v a n c a n b e 

a d e q u at el y e v al u at e d. T h er e is n o v al u e i n e nr olli n g s u bj e cts wit h irr e v ersi bl e d efi cits i n I Q 

or t h os e w h o h a v e a hist or y of di et ar y n o n c o m pli a n c e i n t his st u d y. T h e 3 n e ur o c o g niti v e 

t ests us e d t o c o v er t h e a g e r a n g e of P K U- 0 1 5 s u bj e cts r e pr es e nt t h e b est a v ail a bl e t o ols 

(r e vi e w e d i n S e cti o n 1 1. 1).  

A p o p ul ati o n P K st u d y ( S u bst u d y 2) will b e c o n d u ct e d o n a s u bs et of t h e s u bj e cts e nr oll e d i n 

P art 1. Bl o o d will b e dr a w n f or t ot al bi o pt eri n m e as ur e m e nt at t h e W e e k 0, 1, 2, 3, a n d/ or 

4 visit a c c or di n g t o t h e s c h e d ul e d es cri b e d i n S e cti o n  1 2. 3.  

I n P art 2, n e ur o c o g niti v e t esti n g will b e p erf or m e d i n t h es e K u v a n-r es p o nsi v e s u bj e cts o v er a 

7- y e ar p eri o d, usi n g a g e- a p pr o pri at e t est s. D uri n g S u bst u d y 1 s af et y a n d effi c a c y 
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a ss ess m e nts will b e c o n d u ct e d w e e kl y d uri n g W e e k 0 t o W e e k 4, t h e n m o nt hl y f or M o nt hs 2 

t hr o u g h M o nt h 6.  

9. 3  S el e cti o n of St u d y P o p ul ati o n 

9. 3. 1  I n cl usi o n C rit e ri a 

I n di vi d u als eli gi bl e t o p arti ci p at e i n t his st u d y m ust m e et all of t h e f oll o wi n g crit eri a: 

•  P ar e nt(s) or g u ar di a n(s) willi n g a n d a bl e  t o pr o vi d e writt e n, si g n e d i nf or m e d 
c o ns e nt aft er t h e n at ur e of t h e st u d y h as b e e n e x pl ai n e d, a n d pri or t o a n y r es e ar c h-
r el at e d pr o c e d ur es. 

•  P ar e nt(s) or g u ar di a n(s) willi n g a n d a bl e  t o c o m pl y wit h all st u d y pr o c e d ur es. 

•  F e m al e s u bj e cts of c hil d b e ari n g p ot e nti al ( as d et er mi n e d b y t h e i n v esti g at or) a n d 
s e x u all y m at ur e m al e s u bj e cts willi n g t o us e a m e di c all y a c c e pt e d m et h o d of 
c o ntr a c e pti o n t hr o u g h o ut t h e st u d y. F e m al e  s u bj e cts of c hil d b e ari n g p ot e nti al 
willi n g t o u n d er g o p eri o di c pr e g n a n c y t e sts d uri n g t h e c o urs e of t h e st u d y 

•  Est a blis h e d di a g n osis of P K U wit h h y p e r p h e n yl al a ni n e mi a ( H P A) d o c u m e nt e d i n 
t h e m e di c al r e c or d b y at l e ast 2 bl o o d P h e c o n c e ntr ati o ns ≥  3 6 0 μ m ol/ L 
( 6 m g/ d L) t a k e n at l e ast 3 d a ys a p art  

•  D o c u m e nt e d bl o o d P h e c o ntr ol ( d efi n e d b y t h e st a n d ar d us e d at e a c h tr e at m e nt 
c e nt er) pri or t o st u d y e nr oll m e nt, if a p pli c a bl e ( e g, t h e s u bj e c t is ol d e n o u g h f or 
t h es e d at a t o b e c oll e ct e d); bl o o d P h e c o nc e ntr ati o ns f or s u bj e cts < 6 m o nt hs ol d 
at S cr e e ni n g m ust b e c o nsi d er e d c o ntr o ll e d a n d st a bl e b y t h e I n v esti g at or  

•  Willi n g t o a d h er e t o a pr es cri b e d P h e-r est ri ct e d di et i n or d er t o m ai nt ai n bl o o d 
P h e c o n c e ntr ati o ns wit hi n t h e r e c o m m e n d e d r a n g es est a blis h e d at t h e s u bj e ct’s 
st u d y sit e 

•  A g e 0 t o 6 y e ars, i n cl usi v e, at S cr e e ni n g 

I n di vi d u als eli gi bl e t o p arti ci p at e i n P art 2: N e ur o c o g niti v e St u d y a n d S u bst u d y 1 m u st m e et 

all  of t h e f oll o wi n g crit eri a: 

•  C o m pl eti o n of W e e k 4 visit i n P art 1  

•  R es p o nsi v e t o K u v a n d uri n g P art 1, d efi n e d as a ≥  3 0 % a v er a g e r e d u cti o n i n 
bl o o d P h e c o n c e ntr ati o n c al c ul at e d as t h e m e a n of t h e w e e kl y  p er c e nt c h a n g e 
fr o m b as eli n e i n bl o o d P h e c o n c e ntr ati o n at W e e ks 1, 2, 3, a n d 4 

•  B a yl e y-III or I Q t est s c or e ≥  8 0 w h e n t est e d wit hi n 6 w e e ks of d et er mi n ati o n of 
K u v a n r es p o nsi v e n ess i n K u v a n-r es p o nsi v e s u bj e cts  
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9. 3. 2  E x cl usi o n C rit e ri a 

I n di vi d u als w h o m e et a n y of t h e f oll o wi n g e x cl usio n crit eri a will n ot b e eli gi bl e t o p arti ci p at e 

i n t h e st u d y: 

•  H as k n o w n h y p ers e nsiti vit y t o K u v a n or its e x ci pi e nts 

•  Us e of K u v a n or a n y i n v esti g ati o n al pr o d u ct or i n v esti g ati o n al m e di c al d e vi c e wit hi n 
3 0 d a ys pri or t o s cr e e ni n g, or r e q uir e m e nt f or a n y i n v e sti g ati o n al a g e nt pri or t o 
c o m pl eti o n of all s c h e d ul e d st u d y ass ess m e nts 

•  C o n c urr e nt dis e as e or c o n diti o n t h at w o ul d i n t erf er e wit h st u d y p arti ci p ati o n or s af et y 
( e g, s ei z ur e dis or d er, or al ster oi d- d e p e n d e nt ast h m a or ot h er c o n diti o n r e q uiri n g or al 
or p ar e nt er al c orti c ost er oi d a d mi nist r ati o n, or i ns uli n- d e p e n d e nt di a b et es) 

•  Us e of p h os p h o di est e r as e t y p e 5 i n hi bit o r, oft e n s h o rt e n e d t o P D E 5 i n hi bit o r 
( e g.sil d e n afil cit r at e, v a r d e n afil, t a d al afil, a v a n afil, l o d e n afil, mi r o d e n afil, 
u d e n afil)  

•  A n y c o n diti o n t h at, i n t h e vi e w  of t h e PI, pl a c es t h e su bj e ct at hi g h ris k of p o or 
tr e at m e nt c o m pli a n c e or of n ot c o m pl eti n g t h e st u d y 

•  Est a blis h e d di a g n osis of pri m ar y t e tr a h y dr o bi o pt eri n ( B H 4) d efi ci e n c y  

•  Hist or y of or g a n tr a ns pl a nt ati o n 

•  P er c ei v e d t o b e u nr eli a bl e or u n a v ail a bl e f or st u d y p arti ci p ati o n or t o h a v e p ar e nts or 
l e g al g u ar di a ns w h o ar e p er c ei v e d t o b e u nr eli a bl e or u n a v ail a bl e 

•  Us e of m et h otr e x at e or ot h er m e di c at i o ns t h at i n hi bit f ol at e m et a b olis m 

•  S eri o us n e ur o ps y c hi atri c ill n ess ( e g, m aj or d e pr essi o n) n ot c urr e ntl y u n d er m e di c al 
c o ntr ol  

9. 3. 3  R e m o v al of S u bj e cts f r o m T r e at m e nt o r Ass ess m e nt 

S u bj e cts ( or t h eir l e g all y a ut h ori z e d r e pr es e nt ati v e) m a y wit h dr a w t h eir c o ns e nt t o p arti ci p at e 

i n t h e st u d y at a n y ti m e wit h o ut pr ej u di c e. T he I n v esti g at or m ust w it h dr a w fr o m t h e st u d y 

a n y s u bj e ct w h o r e q u ests t o b e  wit h dr a w n. A s u bj e ct’s p arti ci p ati o n i n t h e st u d y m a y b e 

dis c o nti n u e d at a n y ti m e at t h e dis cr eti o n of t h e I n v esti g at or a n d i n a c c or d a n c e wit h his/ h er 

cli ni c al j u d g m e nt. W h e n p ossi bl e, t h e t ests a n d e v al u ati o ns list e d f or t h e t er mi n ati o n visit 

s h o ul d b e c arri e d o ut. 

Bi o M ari n m ust b e n otifi e d of all s u bj e ct wit h dr a w als as s o o n as p o ssi bl e. Bi o M ari n als o 

r es er v es t h e ri g ht t o dis c o nti n u e t h e st u d y at a n y ti m e f or eit her cli ni c al or a d mi nistr ati v e 

r e as o ns a n d t o dis c o nti n u e p arti ci p ati o n b y a n i ndi vi d u al I n v esti g at or or sit e f or p o or 

e nr oll m e nt or n o n c o m pli a n c e. 
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R e as o ns f or w hi c h t h e I n v esti g at or or Bi o M ari n m a y wit h dr a w a s u bj e ct fr o m t h e st u d y 

i n cl u d e, b ut ar e n ot li mit e d t o, t h e f oll o wi n g: 

•  S u bj e ct e x p eri e n c es a s eri o us or i nt ol er a bl e A E 

•  S u bj e ct d e v el o ps a cli ni c all y si g nifi c a nt l a b or at or y a b n or m alit y 

•  S u bj e ct r e q uir es m e di c ati o n pr o hi bit e d b y t h e pr ot o c ol 

•  S u bj e ct d o es n ot a d h er e t o st u d y r e q uir e m e nts s p e cifi e d i n t h e pr ot o c ol 

•  S u bj e ct w as err o n e o usl y a d mitt e d i nt o t h e st u d y or d o es n ot m e et e ntr y crit eri a 

•  S u bj e ct is l ost t o f oll o w- u p 

•  S u bj e ct b e c o m es pr e g n a nt (r ef er t o S e cti o n  1 0. 3 f or d et ails o n t h e r e p orti n g 
pr o c e d ur es t o f oll o w i n t h e e v e nt of pr e g n a n c y)  

If a s u bj e ct f ails t o r et ur n f or s c h e d ul e d visits, a d o c u m e nt e d eff ort m ust b e m a d e t o 

d et er mi n e t h e r e as o n. If t h e s u bj e ct c a n n ot b e r e a c h e d b y t el e p h o n e wit hi n 1 m o nt h, a 

c ertifi e d l ett er s h o ul d b e s e nt t o  t h e s u bj e ct ( or t h e su bj e ct’s l e g all y a ut h ori z e d r e pr es e nt ati v e, 

if a p pr o pri at e) r e q u esti n g c o nt a ct wit h t h e I n v esti g at or. T his i nf or m ati o n s h o ul d b e r e c or d e d 

i n t h e st u d y r e c or ds.  

T h e I n v esti g at or or d esi g n e e m ust e x pl ai n t o e a c h s u bj e ct, b ef or e e nr oll m e nt i nt o t h e st u d y, 

t h at f or e v al u ati o n of st u d y r es ults, t h e s u bj e ct’s pr ot e ct e d h e alt h i nf or m ati o n o bt ai n e d d uri n g 

t h e st u d y m a y b e s h ar e d wit h t h e st u d y s p o ns or, r e g ul at or y a g e n ci es, a nd I R B/ E C. It is t h e 

I n v esti g at or’s ( or d esi g n e e’s) r es p o nsi bilit y t o o bt ai n writt e n p er missi o n t o us e pr ot e ct e d 

h e alt h i nf or m ati o n p er c o u ntr y-s p e cifi c r e g ul ati o ns, s u c h as H e alt h I ns ur a n c e P ort a bilit y a n d 

A c c o u nt a bilit y A ct ( HI P A A) i n t h e U S, fr o m e a c h s u bj e ct, or if a p pr o pri at e, t h e s u bj e ct’s 

l e g all y a ut h ori z e d r e pr es e nt ati v e. If p er missi o n t o us e pr ot e ct e d h e alt h i nf or m ati o n is 

wit h dr a w n, it is t h e I n v esti g at or ’s r es p o nsi bilit y t o o bt ai n a writt e n r e q u est, t o e ns ur e t h at n o 

f urt h er d at a will b e c oll e ct e d fr o m t h e s u bje ct a n d t h e s u bj e ct will b e r e m o v e d fr o m t h e 

st u d y. 

9. 3. 4  S u bj e ct I d e ntifi c ati o n a n d R e pl a c e m e nt of S u bj e cts 

E a c h s u bj e ct will b e assi g n e d a u ni q u e s u bj e ct i d e ntifi er. T his u ni q u e i d e ntifi er will b e o n all 

C R F p a g es. I n l e g al j uris di cti o ns w h er e us e of i niti als is n ot p er mitt e d, a s u bstit ut e i d e ntifi er 

will b e us e d. S u bj e cts w h o wit h dr a w e arl y  fr o m t h e st u d y will n ot b e r e pl a c e d. 
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9. 4  T r e at m e nts 

9. 4. 1  T r e at m e nts A d mi nist e r e d 

Bi o M ari n a n d/ or its d esi g n e e will pr o vi d e t h e st u d y sit e wit h a s u p pl y of K u v a n s uffi ci e nt f or 

t h e c o m pl eti o n of t h e st u d y.  

I n P art 1, b e gi n ni n g at W e e k 0, s u bj e cts will r ec ei v e K u v a n at a d os e of 2 0 m g/ k g/ d a y or all y, 
pr o vi d e d i n t a bl ets t h at e a c h  c o nt ai n 1 0 0 m g of s a pr o pt eri n, f or a t ot al of 4 w e e ks. F o r e as e 
i n a d mi nist r ati o n a n d f o r e as e of i nst r u cti on t o f a mili es, t h e d os e c a n als o b e r o u n d e d 
u p o r d o w n:  

F o r c hil d r e n w h o a r e ol d e r a n d c a n t a k e t h ei r m e di c ati o n f r o m a c u p o r gl ass, r o u n di n g 
of t h e d os e t o t h e n e a r est w h ol e t a bl et is a c c e pt a bl e. F o r e x a m pl e, a c hil d w ei g hi n g 1 1 
k g w o ul d h a v e a d os e of 2 2 0 m g of K u v a n  t h at m a y b e r o u n d e d d o w n t o 2 0 0 m g ( 2 
t a bl ets). A c hil d w ei g hi n g 1 4 k g w o ul d h a v e a d os e of 2 8 0 m g t h at m a y b e r o u n d e d u p t o 
3 0 0 m g ( 3 t a bl ets). 

W h et h e r t h e d os e is d et e r mi n e d usi n g T a bl e 9. 4. 4. 1  o r b y r o u n di n g t h e d os a g e u p o r 
d o w n, b e c o nsist e nt wit h t h e m et h o d. T his is  es p e ci all y i m p o rt a nt t h r o u g h W e e k 4 w h e n 
r es p o nsi v e n ess is b ei n g d et e r mi n e d. 

T h e first d os e i n P art 1 will b e t a k e n at t h e W e e k 0 visit u n d er o bs er v ati o n, aft er t h e 

c o m pl eti o n of all ot h er st u d y pr o c e d ur es. T h e r e m ai ni n g d os es i n P art 1 will b e t a k e n d ail y 

wit h f o o d t o i n cr e as e a bs or pti o n, pr ef er a bl y  at t h e s a m e ti m e e a c h d a y. T h e K u v a n d os e 

c a n n ot b e a dj ust e d d uri n g P art 1 wit h o ut  c o ns ult ati o n wit h t h e M e di c al M o nit or. 

S u bj e cts w h o ar e e nr oll e d i nt o P art 2 will i nit i all y c o nti n u e t o t a k e 2 0 m g/ k g/ d a y K u v a n at 

t h e s a m e ti m e e a c h d a y wit h a m e al. Aft er w e e k 5, at t h e dis cr eti o n of t h e I n v esti g at or a n d 

aft er c o ns ult ati o n wit h t h e M e di c al M o nit or, a s u bj e ct’s K u v a n d os e m a y b e l o w er e d if t h e 

s u bj e ct d o es n ot t ol er at e t h e 2 0 m g/ k g/ d a y d os e. 

9. 4. 2  I d e ntit y of I n v esti g ati o n al P r o d u ct (I P) 

9. 4. 2. 1  P r o d u ct C h a r a ct e risti cs a n d L a b eli n g 

K u v a n (s a pr o pt eri n di h y dr o c hl ori d e) t a bl et s ar e u ns c or e d, u n c o at e d, i m m e di at e-r el e as e 

t a bl ets f or or al us e. E a c h t a bl et c o nt ai ns 1 0 0 m g of s a pr o pt eri n di h y dr o c hl ori d e ( e q ui v al e nt t o 

7 6. 8 m g of s a pr o pt eri n b a s e). T a bl ets ar e r o u n d, r a n gi n g f r o m  off- w hit e t o li g ht y ell o w, 

li g ht o r a n g e/ pi n k, b ei g e, o r m ottl e d (s p e c kl e d) a p p e a r a n c e, a n d d e b oss e d wit h “ 1 7 7 ”. 



 P K U- 0 1 5  P a g e  7 0  

 

Pr o pri et ar y a n d C o nfi d e nti al 3 0 N o v e m b er 2 0 1 0 

9. 4. 3  St o r a g e 

At t h e st u d y sit e, all st u d y dr u g m ust b e st or e d u n d er t h e c o n diti o ns s p e cifi e d i n t h e 

I n v esti g at or’s Br o c h ur e i n a s e c ur e ar e a a c c essi bl e o nl y t o t h e d esi g n at e d p h ar m a cists a n d 

cli ni c al sit e p ers o n n el. All I P m ust b e st or e d  a n d i n v e nt ori e d a n d t h e i n v e nt ori es m ust b e 

c ar ef ull y a n d a c c ur at el y d o c u m e nt e d a c c or di n g t o a p pli c a bl e st at e, f e d er al a n d l o c al 

r e g ul ati o ns, I C H G C P, a n d st u d y pr o c e d ur es. 

9. 4. 4  Di r e cti o ns f o r A d mi nist r ati o n 

K u v a n (s a pr o pt eri n di h y dr o c hl or i d e) t a bl ets s h o ul d b e a d mi nist er e d or all y wit h f o o d t o 

i n cr e as e a bs or pti o n, pr ef er a bl y at t h e s a m e ti m e e a c h d a y wit h a m e al. K u v a n t a bl ets c a n  b e 

diss ol v e d i n 4 t o 8 o z. ( 1 2 0 t o 2 4 0 m L) of w at e r or a p pl e j ui c e a n d t a k e n wit hi n 1 5 mi n ut es 

of diss ol uti o n. It m a y t a k e a f e w mi n ut es f or t h e t a bl ets t o diss ol v e. T o m a k e t h e t a bl ets 

diss ol v e f ast er, t h e y c a n b e stirr e d or cr us h e d. T h e t a bl ets m a y n ot  diss ol v e c o m pl et el y. 

S m all pi e c es m a y b e s e e n fl o ati n g o n t o p of t h e w at er or a p pl e j ui c e. T his is n or m al a n d s af e 

f or s u bj e cts t o s w all o w. If aft er dri n ki n g t h e m e di ci n e, pi e c es of t h e t a bl et ar e still s e e n, m or e 

w at er or a p pl e j ui c e c a n b e a d d e d t o m a k e s ur e t h at all of t h e m e di ci n e is t a k e n. 

A d mi nist r ati o n of c r us h e d K u v a n t a bl ets m a y al s o b e sti r r e d i n s oft f o o ds s u c h as a p pl e 

s a u c e o r l e m o n p u d di n g. A miss e d d os e s h o ul d b e t a k e n as s o o n as p ossi bl e, b ut 2 d os es 

s h o ul d n ot b e t a k e n o n t h e s a m e d a y. If a s u bj e ct v o mits t h e d os e wit hi n 3 0 mi n ut es of 

a d mi nistr ati o n, t h e d os e s h o ul d b e r e p e at e d. If t h e d os e is v o mit e d aft er 3 0 mi n ut es, t h e d os e 

s h o ul d n ot b e r e p e at e d. 

St u d y dr u g will b e dis p e ns e d o nl y b y st u d y st a ff q u alifi e d t o p erf or m t h at f u n cti o n u n d er 

a p pli c a bl e l o c al l a ws a n d r e g ul ati o ns f or t h e st u d y sit e, a c c or di n g t o t h e pr ot o c ol a n d 

S c h e d ul e of E v e nts ( T a bl e 2. 1 ). I nstr u cti o ns m ust b e gi v e n o n h o w m a n y t a bl ets t o t a k e e a c h 

d a y, h o w t o pr e p ar e t h e d osi n g s ol u ti o n, a n d w h e n d osi n g s h o ul d o c c ur. 

At t h e dis cr eti o n of t h e I n v esti g at or, t a bl ets m a y b e diss ol v e d i n  as littl e as 5 m L w at er or 

a p pl e j ui c e p e r t a bl et , b as e d o n t h e s u bj e ct’s si z e a n d c a p a bilit y. F or i nf a nts w ei g hi n g 

< 5 k g, a si n gl e K u v a n t a bl et m a y b e diss ol v e d i n 5  m L w at er or a p pl e j ui c e a n d a p orti o n of 

t his s ol uti o n c orr es p o n di n g t o a 2 0 m g/ k g d os e m ay b e a d mi nist er e d or all y vi a a n or al d osi n g 

s yri n g e; f or e x a m pl e, a n i nf a nt w ei g hi n g 3. 5 k g w o ul d b e a d mi nist er e d 3. 5 m L ( or 7 0 m g) of 

t his K u v a n s ol uti o n. A d osi n g t a bl e f or s u bj e cts w ei g hi n g 1 0  k g a n d l ess is s h o w n i n 

T a bl e 9. 4. 4. 1 .     
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T a bl e 9. 4. 4. 1:  K u v a n D osi n g T a bl e f o r Y o u n g C hil d r e n 

C hil d’s 
W ei g ht 

( k g) 
D os e Gi v e n 
( Milli g r a ms) 

m L of 
S ol uti o n 

N o. of 1 0 0 m g 
T a bl ets 

Diss ol v e d 
m L A d mi nist e r e d 

t o S u bj e ct 

1  2 0   5   1   1  

2  4 0   5   1   2  

3  6 0   5   1   3  

4  8 0   5   1   4  

5  1 0 0   5   1   5  

6  1 2 0  1 0   2   6  

7  1 4 0  1 0   2   7  

8  1 6 0  1 0   2   8  

9  1 8 0  1 0   2   9  

1 0  2 0 0   1 0   2   1 0  

 

9. 4. 5  M et h o d of Assi g ni n g S u bj e cts t o T r e at m e nt G r o u ps 

N ot a p pli c a bl e 

9. 4. 6  S el e cti o n of D os es Us e d i n t h e St u d y 

T h e 2 0 m g/ k g/ d a y d os a g e of K u v a n w as s el e ct e d f or t his st u d y i n  or d er t o a c hi e v e e n h a n c e d 

bl o o d P h e c o ntr ol. I n st u di es usi n g diff er e nt f or m ul ati o ns of B H 4 i n cl u di n g K u v a n, a v er a g e 

bl o o d P h e r e d u cti o n i n r es p o n d ers at t h e 1 0 m g / k g d os e h as b e e n 5 0 %, w hil e t h e a v er a g e 

r e d u cti o n i n r es p o n d ers at t h e 2 0 m g/ k g d os e h as b e e n 6 4 %. B e c a us e p ersist e nt i n cr e as es as 

l o w as 1 0 0 μ m ol/ L bl o o d P h e d uri n g t h e criti c al e arl y c hil d h o o d p eri o d c a n r es ult i n a d v ers e 

n e ur ol o gi c al o ut c o m es, t h er e is a n e e d f or ti g ht er bl o o d P h e c o ntr ol i n y o u n g P K U p ati e nts. 
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T h e d at a d es cri b e d b el o w s u p p ort t h e s af et y of  t h e 2 0 m g/ k g/ d a y d os a g e of K u v a n ( 6 R B H 4): 

•  Si n gl e or al 6 R- B H 4 d os es of 7. 5- 2 0 m g/ k g/ d a y h a v e b e e n a d mi nist er e d as l o a di n g 
d os es t o e x cl u d e B H 4 d efi ci e n c y i n m or e t h a n 1 9 0 0 P K U p ati e nts  ( B er n e g g er, 
2 0 0 2, M ol. G e n et. M et a b) ( S hi nt a k u H, 2 0 0 3, J I n h erit M et a b Dis) . 

•  I n p u blis h e d st u di es of l o n g-t er m B H 4 t h er a p y i n p ati e nts wit h P K U, p ati e nts 
r e c ei v e d tr e at m e nt f or p eri o ds of 5 d a ys t o 5 6 m o nt hs. I n t h es e st u di es t h e B H 4 
d os es r a n g e d fr o m 1. 7 t o 2 0 m g/ k g/ d a y. N o  A Es ass o ci at e d wit h B H 4 t h er a p y 
w er e r e p ort e d i n t h es e st u di es. ( D u d es e k, 2 0 0 1, E ur.J P e di atr.) ( S hi nt a k u H, 2 0 0 3, 
J I n h erit M et a b Dis) ( M u nt a u, 2 0 0 2, N. E n gl.J. M e d.) ( H e n n er m a n n, 2 0 0 5, 
M ol. G e n et. M et a b) ( L a m br us c hi ni, 2 0 0 5, M ol. G e n et. M et a b) . 

•  T h e c u m ul ati v e d at a fr o m t h e tr e at m e nt e x p eri e n c e i n m ulti pl e r e p orts off ers 
s u p pl e m e nt ar y e vi d e n c e of a n a d e q u at e l o n g-t er m s af et y pr ofil e. ( Tr ef z, 2 0 0 1, 
E ur.J. P e di atr.) ( Bl a u, 2 0 0 3, E ur.J. P e di atr.) ( St ei nf el d, 2 0 0 2, E ur.J. P e di atr.) 
( C er o n e, 2 0 0 4, M ol. G e n et. M et a b) ( S p a a pe n, 2 0 0 3, M ol. G e n et. M et a b) ( Li n d n er, 
2 0 0 3, H u m. M ut at.) ( L ass k er, 2 0 0 2, J.I n h erit. M et a b Dis.) ( K o c h, 2 0 0 2, 
M ol. G e n et. M et a b) ( W e gl a g e, 2 0 0 2, J.I n h erit. M et a b Dis.) . 

I n s u m m ar y, t h e a v ail a bl e d at a i n di c at e t h at K u v a n m a y s er v e as a s af e a n d w ell t ol er at e d 

t h er a p y w h e n gi v e n at d os es of 2 0 m g/ k g/ d a y t o s u bj e cts wit h P K U. 

9. 4. 6. 1  S el e cti o n of Ti mi n g of D os e f o r E a c h S u bj e ct 

R es ults fr o m a p o p ul ati o n P K st u d y s h o w e d t h at t h e m e a n h alf-lif e i n t h e t er mi n al 

eli mi n ati o n p h as e is a p pr o xi m at el y 6. 6 9 h o urs (r a n g e: 3. 9 1 t o 1 6. 6 h o urs). Gi v e n t h at it t a k es 

a p pr o xi m at el y 4 h alf-li v es t o a c hi e v e cl e ar a n c e, c o v er a g e w o ul d b e esti m at e d t o l ast 

2 6. 8 h o urs, o n a v er a g e, f oll o wi n g d osi n g, w hi c h s u p p orts t h e us e of o n c e- d ail y d osi n g. 

R es ults fr o m st o c h asti c si m ul ati o ns b as e d o n t his m o d el s h o w t h at  t h er e is littl e a c c u m ul ati o n 

wit h d ail y d os es.  

T a ki n g t h e d ail y d os e at t h e s a m e ti m e of d a y wit h a m e al  m a y h el p t o f a cilit at e tr e at m e nt 

c o m pli a n c e. 

9. 4. 7  Bli n di n g 

N ot a p pli c a bl e i n t his o p e n-l a b el o n e- ar m st u d y. 

9. 4. 8  P ri o r a n d C o n c o mit a nt M e di c ati o ns 

All pr es cri pti o n a n d o v er-t h e- c o u nt er m e di c ati o ns t a k e n b y a s u bj e ct f or 3 0 d a ys b ef or e 

s cr e e ni n g will b e r e c or d e d o n t h e d esi g n at e d C R F . T h e I n v esti g at or m a y pr es cri b e a d diti o n al 

m e di c ati o ns d uri n g t h e st u d y, as l o n g as t h e pr es cri b e d m e di c ati o n is n ot pr o hi bit e d b y t h e 

pr ot o c ol. I n t h e e v e nt of a n e m er g e n c y, a n y n e e d e d m e di c ati o ns m a y b e pr es cri b e d wit h o ut 

pri or a p pr o v al, b ut t h e m e di c al m o nit or m ust b e  n otifi e d of t h e us e of a n y c o ntr ai n di c at e d 
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m e di c ati o ns i m m e di at el y t h er e a ft er. A n y c o n c o mit a nt m e di c ati o ns a d d e d or dis c o nti n u e d 

d uri n g t h e st u d y s h o ul d b e  r e c or d e d o n t h e C R F. 

9. 4. 9  T r e at m e nt C o m pli a n c e 

S u bj e cts will b e i nstr u ct e d t o r et ur n all us e d  a n d u n us e d st u d y dr u g co nt ai n ers at e a c h st u d y 

visit. S u bj e ct c o m pli a n c e wit h t h e d osi n g r e gi m e n will b e ass ess e d b y r e c o n cili ati o n of t h e 

us e d a n d u n us e d st u d y dr u g. T h e q u a ntit y dis p e ns e d, r et ur n e d, us e d, l ost, et c. m ust b e 

r e c or d e d o n t h e dis p e nsi n g l o g pr o vi d e d f or t h e st u d y. 

9. 5  I n v esti g ati o n al P r o d u ct A c c o u nt a bilit y 

T h e PI or d esi g n e e is r es p o nsi bl e f or m ai n t ai ni n g a c c ur at e r e c or ds (i n cl u di n g d at es a n d 

q u a ntiti es) of I P(s) r e c ei v e d, s u bj e cts t o w h o m I P is dis p e ns e d (s u bj e ct- b y-s u bj e ct d os e 

s p e cifi c a c c o u nti n g), a n d I P l ost or a c ci d e nt all y or d eli b er at el y  d estr o y e d. T h e PI or d esi g n e e 

m ust r et ai n all u n us e d or e x pir e d st u d y s u p p li es u ntil t h e st u d y m o nit or ( o n-sit e C R A) h as 

c o nfir m e d t h e a c c o u nt a bilit y d at a. 

9. 5. 1  R et u r n a n d Dis p ositi o n of Cli ni c al S u p pli es 

U n us e d st u d y dr u g m ust b e k e pt i n a s e c ur e  l o c ati o n f or a c c o u nt a bilit y a n d r e c o n cili ati o n b y 

t h e st u d y m o nit or. T h e I n v esti g at or or d esig n e e m ust pr o vi d e a n e x pl a n ati o n f or a n y 

d estr o y e d or missi n g st u d y dr u g or st u d y m at eri als. 

U n us e d st u d y dr u g m a y b e d estr o y e d o n sit e, p er t h e sit e’s st a n d ar d o p er ati n g pr o c e d ur es, b ut 

o nl y aft er Bi o M ari n h as gr a nt e d a p pr o v al f or dr u g d estr u cti o n. T h e m o nit or m ust a c c o u nt f or 

all st u d y dr u g i n a f or m al r e c o n cili ati o n pr o c ess pri or t o st u d y dr u g d estr u cti o n. All st u d y 

dr u g d estr o y e d o n sit e m ust b e d o c u m e nt e d. D o c u m e nt ati o n m ust b e pr o vi d e d t o Bi o M ari n 

a n d r et ai n e d i n t h e PI’s st u d y fil es. If a sit e is u n a bl e t o d estr o y st u d y dr u g a p pr o pri at el y, t h e 

sit e c a n r et ur n u n us e d st u d y dr u g t o Bi o M ari n u p o n r e q u est. T h e r et ur n of st u d y dr u g or 

st u d y dr u g m at eri als m ust b e a c c o u nt e d f o r o n a St u d y Dr u g R et ur n F or m pr o vi d e d b y 

Bi o M ari n. 

All st u d y dr u g a n d r el at e d m at eri als s h o ul d b e st or e d, i n v e nt ori e d, r e c o n cil e d, a n d d estr o y e d 

or r et ur n e d a c c or di n g t o a p p li c a bl e st at e a n d f e d er al r e g ulati o ns a n d st u d y pr o c e d ur es. 

9. 6  Di et a r y o r Ot h e r P r ot o c ol R est ri cti o ns 

S u bj e cts m ust b e willi n g t o a d h er e t o a pr es cri b e d P h e-r estri ct e d di et i n or d er t o m ai nt ai n 

bl o o d P h e c o n c e ntr ati o ns wit hi n t h e r e c o m m e n d e d r a n g es est a blis h e d at t h e s u bj e ct’s st u d y 

sit e. T h e g o al f or bl o o d P h e c o n c e ntr ati o n d uri n g t h e st u d y is ≤  2 4 0 μ m ol/ L. F oll o wi n g 

st a n d ar d of c ar e, all s u bj e cts a n d t h eir p ar e nt(s) or g u ar di a n(s) will m e et wit h a st u d y 

di eti ci a n  at e a c h visit t o r e vi e w di et ar y P h e i nt a k e. A 3- d a y di et ar y r e c or d will b e k e pt pri or 
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t o cli ni c vi sits a n d r e vi e w e d at t h e cli ni c. T h e di et ar y r e c or d will b e m ai nt ai n e d wit h t h e 

st u d y s o ur c e d o c u m e nts. Di et ar y P h e i nt a k e will b e  ass ess e d al o n g wit h t ot al c al ori c i nt a k e 

( k c als) a n d pr ot ei n i nt a k e b y t h e di etiti a n t o e ns ur e t h at t h e s u bje ct is m e eti n g d ail y 

pr es cri b e d a m o u nts. A dj ust m e nts t o di et a n d/ or m e di c al f o o d will b e m a d e p er cli ni c 

g ui d eli n es t o m ai nt ai n s uffi ci e nt i nt a k e  t o pr o m ot e gr o wt h a n d d e v el o p m e nt. 

If bl o o d P h e l e v els f all b el o w 1 2 0 μ m ol/ L, di et ar y P h e m a y b e a d d e d t o t h e di et. I n or d er t o 

d et er mi n e t h e a p pr o pri at e a m o u nt of d ail y P h e t o b e gi v e n, pr e d efi n e d i n cr e as es i n P h e 

s u p pl e m e nt (i nf a nt f or m ul a, n o n-f at dr y mil k, li q ui d mil k, dri e d e g g w hit e p o w d er) will b e 

pr es cri b e d a n d bl o o d P h e l e v els will b e m o n it or e d cl os el y. I n cr e as es i n P h e s u p pl e m e nt will 

b e b as e d o n bl o o d P h e l e v el, a g e, a n d  i d e al b o d y w ei g ht f or a su bj e ct’s g e n d er, w ei g ht, a n d 

h ei g ht. 

If a s u bj e ct’s bl o o d P h e f alls b el o w 1 2 0 μμ m ol/ L, at t h e dis c r eti o n of t h e i n v esti g at o r, 
a g r a d u al i n c r e as e of a p p r o xi m at el y 5- 2 0 m g/ k g of P h e s u p pl e m e nt m a y b e 
a d d e d t o t h e di et. It is i m p o rt a nt t o a v oi d u nst a bl e s wi n gs i n t h e bl o o d P h e v al u es 

If a s u bj e ct’s bl o o d P h e l e v el g o es a b o v e 2 4 0 μμ m ol/ L, di et a r y P h e m a y b e d e c r e as e d 
b y a p p r o xi m at el y 5 t o 2 0 m g/ k g o r d efi n e d b y t h e st a n d a r d us e d at e a c h 
t r e at m e nt c e nt e r, at t h e disc r eti o n of t h e i n v esti g at o r. 

O n c e a s u bj e ct r e a c h es a d e q u at e P h e s u p pl e m e n t ati o n, d efi n e d as 4 st a bl e bl o o d P h e v al u es 

(st u d y visits or n o n-st u d y visits) wit h o ut a n y di et m o difi c ati o ns, t h e n n at ur al pr ot ei n f o o ds 

r at h er t h a n P h e- c o nt ai ni n g s u p pl e m e nts m a y b e pr es cri b e d. T h e a m o u nt of milli gr a ms of P h e 

i n n at ur al f o o ds p er d a y t o b e gi v e n t o t h e su bj e ct will b e e q ui v al e nt t o t h e i n cr e as e i n 

milli gr a ms of P h e s u p pl e m e nt t ol er at e d b y t h e s u bj e ct.  

C o n v ersi o n of P h e fr o m t h e s u p pl e m e nt t o n at ur al f o o ds s h o ul d n ot b e d o n e d uri n g t h e first 

6 m o nt hs of t h e st u d y. 

9. 7  Effi c a c y a n d S af et y V a ri a bl es 

9. 7. 1  Effi c a c y a n d S af et y M e as u r e m e nts Ass ess e d 

T h e S c h e d ul e of E v e nts i n t h e S y n o psis (T a bl e 2. 1 ) d es cri b es t h e ti mi n g of r e q uir e d 

e v al u ati o ns. 

F or t h e l a b or at or y ass ess m e nts, t h e p art y r es p o nsi bl e f or p erf or mi n g t h e ass ess m e nt a n d t h e 

p erti n e nt pr ot o c ol s e cti o n d es cri bi n g t h e d et ails of t h e t est ar e list e d i n  T a bl e 9. 7. 1. 1. 
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T a bl e 9. 7. 1. 1:  S u m m a r y of L a b o r at o r y Ass ess m e nts  

L a b o r at o r y Ass ess m e nt 
P a rt y R es p o nsi bl e f o r 

P e rf o r mi n g T est 
S e cti o n i n P r ot o c ol f o r 

D et ails 

Cli ni c al l a b or at or y t ests C e ntr al l a b or at or y 9. 7. 4. 1 

P h ar m a c o ki n eti c v ari a bl es C e ntr al l a b or at or y 9. 7. 6, 1 2. 3 

Bl o o d P h e c o n c e ntr ati o ns L o c al l a b or at or y 9. 7. 1. 4 

 

9. 7. 1. 1  D e m o g r a p hi c D at a a n d M e di c al Hist o r y 

D e m o gr a p hi c d at a a n d a d et ail e d m e di c al hist or y will b e o bt ai n e d at S cr e e ni n g. T h e m e di c al 

hist or y will i n cl u d e s p e cifi c i nf or m ati o n c o n c er ni n g a n y pri or or e xisti n g m e di c al c o n diti o ns 

t h at mi g ht i nt erf er e wit h st u d y p arti ci p ati o n or s af et y. T his m edi c al hist or y s h o ul d eli cit all 

m aj or ill n ess es, di a g n os es, a n d s ur g eri es t h at t h e s u bj e ct h as h a d. 

9. 7. 1. 2  P h ysi c al E x a mi n ati o n Fi n di n gs 

C o m pl et e p h ysi c al e x a mi n ati o ns will i n cl u d e t h e e v al u ati o n of all m aj or b o d y s yst e ms, 

h ei g ht, w ei g ht, a n d h e a d cir c u mf er e n c e.  Ot h er b o d y s yst e ms m a y b e e x a mi n e d. W e e k 1  of 

P art 1 r es ults will b e t h e b as eli n e v al u es, a n d cl i ni c all y si g nifi c a nt c h a n g es fr o m b as eli n e will 

b e r e c or d e d as a n A E. 

9. 7. 1. 3  Vit al Si g n M e as u r e m e nts 

Vit al si g ns will b e m e as ur e d af t er r esti n g f or 5 mi n ut es, a n d i n cl u d e s e at e d s yst oli c bl o o d 

pr ess ur e ( S B P) a n d di ast oli c bl o o d pr ess ur e ( D B P) m e as ur e d i n m m H g, h e art r at e i n b e ats 

p er mi n ut e, r es pir ati o n r at e i n br e at hs p er mi n ut e, a n d t e m p er at ur e. All s u bj e cts will b e 

m o nit or e d at t h e cli ni c f or 3 h o urs aft er t h e first d os e of K u v a n, wit h vit al si g ns t a k e n 

pr e- d os e, a n d 1 5, 3 0, 4 5, 6 0, 9 0, 1 2 0, a n d 1 8 0 mi n ut es p ost- d os e.  

9. 7. 1. 4  Bl o o d P h e C o n c e nt r ati o n 

S a m pl es f or bl o o d P h e c o n c e ntr ati o n s h o ul d b e dr a w n si m ult a n e o usl y wit h s a m pl es dr a w n 

f or P K o n d a ys w h e n b ot h t y p es of bl o o d dr a w ar e r e q uir e d. Wit h t h e e x c e pti o n of t h e P K 

s a m pl es  ( P art 1), bl o o d f or P h e c o n c e ntr ati o n me as ur e m e nts will b e dr a w n at ti m e p oi nts 

i n di c at e d i n t h e S c h e d ul e of E v e nts (T a bl e 2. 1 ). L o c al l a b or at ori es s h o ul d us e t h e s a m e 

m et h o d ol o g y t hr o u g h o ut t h e st u d y, if p ossi bl e, f or p erf or mi n g bl o o d P h e t esti n g.  
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9. 7. 1. 5  P r e g n a n c y T esti n g 

F e m al e s u bj e cts w h o ar e, i n t h e esti m ati o n of t h e I n v esti g at or, of c hil d b e ari n g p ot e nti al will 

h a v e a uri n e pr e g n a n c y t est at t h e ti m e p oi nts s p e cifi e d i n t h e S c h e d ul e of E v e nts ( T a bl e 2. 1 ).  

A d diti o n al uri n e pr e g n a n c y t ests wi ll b e p erf or m e d at a n y visit i n w hi c h pr e g n a n c y st at us is 

i n q u esti o n. S er u m pr e g n a n c y t ests will b e p erf or m e d i n t h e e v e n t of a p ositi v e or e q ui v o c al 

uri n e pr e g n a n c y t est r es ult. 

R ef er t o S e cti o n 1 0. 3  f or d et ails o n t h e r e p orti n g pr o c e d ur es t o f oll o w i n t h e e v e nt of 

pr e g n a n c y. 

9. 7. 2  P ri m a r y Effi c a c y V a ri a bl e 

N e ur o c o g niti v e t esti n g will b e p erf or m e d w it hi n 6 w e e ks of d et er mi n ati o n of K u v a n 

r es p o nsi v e n ess i n all K u v a n-r es p o nsi v e s u bj e cts. S u bs e q u e nt  n e ur o c o g niti v e m e as ur e m e nts 

will b e o bt ai n e d e v er y 6 m o nt hs u ntil t h e s u bj e ct is ≥  3 0 m o nt hs ol d, e v er y 1 2 m o nt hs u ntil 

t h e s u bj e ct r e a c h es a g e 7, t h e n e v er y 2 y e ars t hr o u g h t h e e n d of t h e st u d y. T h e t y p es of 

n e ur o c o g niti v e t ests us e d f or t h e pri m ar y effi c a c y v ari a bl e (i e, W P P SI-III a n d/ or WI S C-I V), 

will b e t h os e c o nsi d er e d a p pr o pri at e f or t h e s u bj e ct’s a g e.  

9. 7. 3  S e c o n d a r y Effi c a c y V a ri a bl es 

T h e first  s e c o n d ar y effi c a c y e n d p oi nt is c h a n g e i n d e v el o p m e nt al gr o wt h f a ct ors, as 

m e as ur e d b y h ei g ht, a n d h e a d cir c u mf er e n c e fr o m b as eli n e. T h es e m e as ur e m e nts will b e 

m a d e at S cr e e ni n g, W e e k 0, W e e k 4, M o nt h 3, M o nt h 6, a n d e v er y 6 m o nt hs t h er e aft er, 

w hil e t h e w ei g ht will b e m e as u r e d at e v e r y vi sit.  T h e s e c o n d s e c o n d ar y effi c a c y v ari a bl e is 

t h e b as eli n e a n d 6- m o nt h f oll o w u p n e ur o c o g niti ve t esti n g r es ults usi n g B a yl e y-III i n 

c hil dr e n a g e 0 t o l ess t h a n 3 0 m o nt hs ol d.  

9. 7. 4  S af et y V a ri a bl es 

9. 7. 4. 1  Cli ni c al L a b o r at o r y Ass ess m e nts 

A n y a b n or m al t est r es ults d et er mi n e d t o b e cl i ni c all y si g nifi c a nt b y t he I n v esti g at or s h o ul d 

b e r e p e at e d ( at t h e I n v esti g at or ’s dis cr eti o n) u ntil t h e c a us e of t h e a b n or m alit y is d et er mi n e d, 

t h e v al u e r et ur ns t o b as eli n e or t o wit hi n n or m al li mits, or t h e I n v esti g at or d et er mi n es t h at t h e 

a b n or m al v al u e is n o l o n g er cli ni c all y si g nifi c a nt. 

All cli ni c al l a b or at or y r es ult p a g es s h o ul d b e i niti al e d a n d d at e d b y a n I n v esti g at or, al o n g 

wit h a c o m m e nt r e g ar di n g w h et h er or n ot  a n y r es ult is cli ni c all y si g nifi c a nt. 

T h e di a g n osis, if k n o w n, ass o ci at e d wit h a b n or m a liti es i n cli ni c al l a b orat or y t ests t h at ar e 

c o nsi d er e d cli ni c all y si g nif i c a nt b y t h e I n v esti g at or will b e r e c or d e d o n t h e A E C R F. 
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S p e cifi c d a ys f or o bt ai ni n g s a m pl es ar e pr o vi d e d i n T a bl e 2. 1 , S c h e d ul e of E v e nts. 

T h e cli ni c al l a b or at or y t ests t h at will b e p erf or m e d i n t his  st u d y ar e s h o w n i n T a bl e 9. 7. 4. 1. 1. 

T a bl e 9. 7. 4. 1. 1:  Cli ni c al L a b o r at o r y T ests 

Bl o o d C h e mist r y  H e m at ol o g y  U ri n e T ests  Ot h e r  

Al b u mi n   H e m o gl o bi n  Uri n al ysis 

H e m at o crit  A p p e ar a n c e 

Bl o o d p h e n yl al a ni n e 

Al k ali n e 
P h os p h at as e  W B C c o u nt C ol or Bl o o d t yr osi n e 

A L T ( S G P T)   R B C c o u nt p H Bl o o d tr y pt o p h a n 

A S T ( S G O T)  Pl at el et c o u nt S p e cifi c gr a vit y   

T ot al bilir u bi n  Diff er e nti al c ell c o u nt  K et o n es  P h ar m a c o ki n eti cs 
(t ot al bi o pt eri n, 
a n al y z e d b y c e ntr al 
l a b or at or y 

Dir e ct bilir u bi n  S e di m e nt ati o n r at e  Pr ot ei n   

B U N    Gl u c os e   

Cr e ati ni n e   Bilir u bi n   

G G T    Nitrit e   

T ot al pr ot ei n   Ur o bili n o g e n   

C al ci u m   H e m o gl o bi n   

S o di u m      

P ot assi u m     

Gl u c os e      

Uri c a ci d     

C hl o ri d e    

C O 2       

 

A L T, al a ni n e a mi n otr a nsf er as e; A S T, as p art at e a mi n otr a nsf er as e; B U N, bl o o d ur e a nitr o g e n; G G T, 

g a m m a- gl ut a m yltr a nsf er as e;  R B C, r e d bl o o d c ell; S G O T, s er u m glut a mi c- o x al o a c eti c tr a ns a mi n as e; 

S G P T, s er u m gl ut a mi c- p yr u vi c tr a n s a mi n as e; W B C, w hit e bl o o d c ell. U ri n al ysis m a y b e p e rf o r m e d i n t h e 

cli ni c al l a b o r vi a “ di psti c k ” i n c hil d r e n t o o y o u n g t o p r o vi d e a u ri n e s a m pl e. 
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9. 7. 4. 2  El e ct r o c a r di o g r a ms 

El e ctr o c ar di o gr a ms will b e p erf or m e d 2- 6 h o urs af t er t h e first d os e of K u v a n i n t h e first 

8 0 s u bj e cts e nr oll e d u nl ess d at a fr o m ot h er st u d i es s h o w cl e arl y t h at K u v a n d o es n ot h a v e a n 

eff e ct o n t h e Q T i nt er v al. 

9. 7. 5  S u bst u d y 1: 6- m o nt h S af et y a n d Effi c a c y St u d y 

P ri m a r y Effi c a c y V a ri a bl es 

T h e pri m ar y effi c a c y v ari a bl e is bl o o d P h e l e v e l. T h e g o al is t o l o w er bl o o d P h e l e v els a n d 

m ai nt ai n t h e m at ≤  2 4 0 μ m ol/ L. I n a d diti o n, b as eli n e n e ur o c o g niti v e t esti n g r es ults will b e 

r e p ort e d f or all s u bj e cts, a n d 6- m o nt h f oll o w- u p t esti n g will b e d o n e usi n g t h e B a yl e y-III t est 

f or s u bj e cts a g e 0- 2 4 m o nt hs at e nr oll m e nt. 

S af et y V a ri a bl es 

T h e s af et y v ari a bl es ar e t h e s a m e as t h os e d es cri b e d f or t h e e ntir e st u d y i n S e cti o n  9. 7. 4. 

9. 7. 6  P o p ul ati o n P h a r m a c o ki n eti c V a ri a bl es 

T h e f oll o wi n g P K p ar a m et ers will b e ass ess e d: a p p ar e nt cl e ar a n c e ( C L/ F), a p p ar e nt v ol u m e 

of distri b uti o n of t h e p eri p h er a l c o m p art m e nt ( V p/ F), a p p ar e nt v ol u m e of distri b uti o n of t h e 

c e ntr al c o m p art m e nt ( V c/ F), a n d a p p ar e nt i nt e r- c o m p art m e nt al cl e ar a n c e ( Q/ F), a bs or pti o n 

r at e c o nst a nt ( K a), a bs or pti o n l a g-ti m e ( A LA G), a n d dr u g h alf-lif e. R ef er t o S e cti o n 1 2. 3  f or 

a d diti o n al d et ails. 
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1 0  R E P O R TI N G A D V E R S E E V E N T S 

1 0. 1  A d v e rs e E v e nts 

A c c or di n g t o t h e I C H d efi niti o n, a n a d v ers e e v e nt ( or a d v ers e e x p eri e n c e) is “ a n y u nt o w ar d 

m e di c al o c c urr e n c e i n a p ati e nt or cli ni c al i n v esti g ati o n s u bj e ct a d mi nist er e d a 

p h ar m a c e uti c al pr o d u ct, a n d t h at d o es n ot n e c ess a ril y h a v e a c a us al r el ati o ns hi p wit h t his 

tr e at m e nt. A n A E c a n t h er ef or e b e a n y u nf a v or a bl e a n d u ni nt e n d ed si g n (i n cl u di n g a n 

a b n or m al l a b or at or y fi n di n g), s y m pt o m, or dis e as e t e m p or all y ass o ci at e d wit h t h e us e of a 

m e di ci n al (i n v esti g ati o n al) pr o d u ct, w h et h er or n ot c o nsi d er e d r el at e d t o t h e I P. ” 

A n a d v ers e dr u g r e a cti o n ( A D R) is d es cri b e d b y t h e I C H as “ all n o x i o us a n d u ni nt e n d e d 

r es p o ns es t o a m e di ci n al pr o d u ct r el at e d t o a n y d os e. ” T his m e a ns t h at a c a us al r el ati o ns hi p 

b et w e e n a m e di ci n al pr o d u ct a n d a n A E is at l e ast a r e as o n a bl e p ossi bilit y, i e, t h e 

r el ati o ns hi p c a n n ot b e r ul e d o ut. 

A n A E m a y i n cl u d e i nt er c urr e nt ill n ess es or i n j uri es t h at r e pr es e nt a n e x a c er b ati o n (i n cr e as e 

i n fr e q u e n c y, s e v erit y, or s p e cifi cit y) of pre- e xisti n g c o n diti o ns ( e g, w ors e ni n g of ast h m a). 

W h e n e v er p ossi bl e, it is pr ef er a bl e  t o r e c or d a di a g n osis as t h e A E t er m r at h er t h a n a s eri es 

of t er ms r el ati n g t o a di a g n osis.  

T h e r e p orti n g p eri o d f or n o n-s eri o us A Es is t h e p eri o d fr o m t h e first a d mi nistr ati o n of st u d y 

dr u g t hr o u g h 4 w e e ks aft er t h e fi n al d os e (i e, F/ U or E T V). If a n o n-s eri o us A E r e m ai ns 

u nr es ol v e d at t h e c o n cl usi o n of t h e st u d y, t h e PI a n d m e di c al m o nit o r will m a k e a j oi nt 

cli ni c al ass ess m e nt as t o w h et h er c o nti n u e d f oll o w- u p of t h e A E is w arr a nt e d, a n d t h e r es ults 

of t his ass ess m e nt m ust b e d o c u m e nt e d. R es ol uti o n is d efi n e d as t h e r et ur n t o b as eli n e st at us 

or st a bili z ati o n of t h e c o n d iti o n wit h t h e e x p e ct ati o n t h at it will r e m ai n c hr o ni c. 

T h e I n v esti g at or will ass ess A Es f or s e v erit y, f o r r el ati o ns hi p t o I P, an d as t o w h et h er t h e 

e v e nt m e ets o n e or m or e of t h e d efi niti o ns of a n S A E (s e e S e cti o n  1 0. 2). 

T h e I n v esti g at or will d et er mi n e t h e s e v erit y of e a c h A E a n d will r e c or d it o n t h e s o ur c e 

d o c u m e nts a n d A E C R F, usi n g t h e c at e g ori es d efi n e d b el o w.  

 

G r a d e D es c ri pti o n 

Mil d N o li mit ati o n of us u al a cti viti es 

M o d er at e  S o m e li mit ati o n of us u al a cti viti es 

S e v er e  I n a bilit y t o c arr y o ut us u al a cti viti es 
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T h e t er m “s e v er e ” is oft e n us e d t o d es cri b e t h e i nt e nsit y (s e v erit y) of a s p e cifi c e v e nt ( as i n 

mil d, m o d er at e or s e v er e m y o c ar di al i nf ar c ti o n); t h e e v e nt its elf, h o w e v er, m a y b e of 

r el ati v el y mi n or m e di c al si g nifi c a n c e (s u c h as s ev er e h e a d a c h e). T his is n ot t h e s a m e as 

“s eri o us ”, w hi c h is b as e d o n s u bj e ct/ e v e nt o ut c o m e  or a cti o n crit eri a us u all y ass o ci at e d wit h 

e v e nts t h at p os e a t hr e at t o a s u bj e ct’s lif e or  f u n cti o ni n g. S eri o us n ess ( n ot s e v erit y) s er v es as 

a g ui d e f or d efi ni n g r e g ul at o r y r e p orti n g o bli g ati o ns.  

T h e I n v esti g at or will d et er mi n e t h e r el ati o ns hi p of a n A E t o t h e I P a n d will r e c or d it o n t h e 

s o ur c e d o c u m e nts a n d A E C R F, usi n g t h e c at e g ori es d efi n e d b el o w. 

 

R el ati o ns hi p D es c ri pti o n 

N ot R el at e d  E x p os ur e t o t h e I P h as n ot o c c urr e d 

O R 

T h e a d mi nistr ati o n of t h e I P a n d t h e o c c urr e n c e of t h e A E ar e n ot 
r e as o n a bl y r el at e d i n ti m e  

O R 

T h e A E is c o nsi d er e d li k el y t o b e  r el at e d t o a n eti ol o g y ot h er t h a n 
t h e us e of t h e I P; t h at is, t h er e are n o f a cts [ e vi d e n c e] or ar g u m e nts 
t o s u g g est a c a us al r el ati o ns hi p t o t h e I P. 

P ossi bl y R el at e d  T h e a d mi nistr ati o n of t h e I P a n d t h e o c c urr e n c e of t h e A E ar e 
r e as o n a bl y r el at e d i n ti m e 

A N D 

T h e A E c o ul d b e e x pl ai n e d e q u all y w ell b y f a ct ors or c a us es ot h er 
t h a n e x p os ur e t o t h e I P. 

Pr o b a bl y R el at e d  T h e a d mi nistr ati o n of I P a n d t h e o c c urr e n c e of t h e A E ar e 
r e as o n a bl y r el at e d i n ti m e  

A N D 

T h e A E is m or e li k el y e x pl ai n e d b y e x p os ur e t o t h e I P t h a n b y ot h er 
f a ct ors or c a us es. 

 

I n or d er t o cl assif y A Es a n d dis e as es, pr ef err ed t er ms will b e assi g n e d b y t h e s p o ns or t o t h e 

ori gi n al t er ms e nt er e d o n t h e C R F, usi n g M e d D R A ( M e di c al Di cti o n ar y f or R e g ul at or y 

A cti viti es t er mi n ol o g y). 
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1 0. 2  S e ri o us A d v e rs e E v e nts 

A s eri o us a d v ers e e v e nt ( S A E) is d efi n e d as a n y A E t h at: 

•  R es ults i n d e at h 

•  Is lif e t hr e at e ni n g, t h at is, pl a c es t h e s u bje ct at i m m e di at e ris k of d e at h fr o m t h e 
e v e nt as it o c c urr e d. T his d efi niti o n d o e s n ot i n cl u d e a r e a c ti o n t h at, h a d it 
o c c urr e d i n a m or e s e v er e f or m, mi g ht h a v e c a us e d d e at h 

•  R e q uir es i n- p ati e nt h os pit ali z ati o n or pr ol o n g ati o n of a n e xisti n g i n- p ati e nt 
h os pit ali z ati o n. A d missi o n of a s u bj e ct t o t h e h os pit al as a n  i n- p ati e nt as a r es ult 
of a n A E, e v e n if t h e s u bj e ct is r el e as e d o n t h e s a m e d a y, q u alifi es as 
h os pit ali z ati o n 

•  R es ults i n p ersist e nt or si g nifi c a nt dis a bilit y or i n c a p a cit y. A n e v e nt q u alifi es as 
r es ulti n g i n a p ersist e nt or si g nifi c a nt dis a bilit y or i n c a p a cit y if it i n v ol v es a 
s u bst a nti al disr u pti o n of t h e s u bj e ct’s a bilit y t o c arr y  o ut us u al lif e f u n cti o ns. 
T his d efi niti o n is n ot i nt e n d e d t o i n cl u d e  e x p eri e n c es of r el ati v el y mi n or or 
t e m p or ar y m e di c al si g nifi c a n c e. 

•  Is a c o n g e nit al a n o m al y or birt h d ef e ct, t h at is, a n A E t h at o c c urs i n t h e c hil d or 
f et us of a s u bj e ct e x p os e d t o I P pri or t o c o n c e pti o n or d uri n g pr e g n a n c y 

•  Is a n i m p ort a nt m e di c al e v e nt t h at d o es n ot m e et a n y of t h e a b o v e crit eri a, b ut 
m a y j e o p ar di z e t h e s u bj e ct or r e q uir e m e di c al or s ur gi c al i nt er v e nti o n t o pr e v e nt 
o n e of t h e o ut c o m es list e d a b o v e. E x a m pl es of s u c h e v e nts ar e i nt e nsi v e tr e at m e nt 
i n t h e e m er g e n c y r o o m, all er gi c br o n ch os p as m, bl o o d d ys cr asi as or c o n v ulsi o ns 
t h at d o n ot r es ult i n h os pit ali z ati o n; or d e v el o p m e nt of dr u g d e p e n d e n c y or dr u g 
a b us e. 

M or e t h a n o n e of t h e a b o v e crit eri a m a y a p pl y t o a n y s p e cifi c e v e nt. 

T h e r e p orti n g p eri o d f or S A Es b e gi ns e arli er t h a n n o n-s eri o us A Es a n d is t h e p eri o d fr o m t h e 

ti m e of si g ni n g of t h e I C F t hr o u g h t h e 4 w e e ks aft er t h e fi n al d os e (i e, F/ U or E T V). S A Es 

r e p ort e d t o t h e I n v esti g at or o utsid e of t his r e p orti n g p eri o d will b e  r e p ort e d t o Bi o M ari n if, i n 

g o o d m e di c al j u d g m e nt, t h e e v e nt h as a n y b e ari n g o n t h e st u d y d at a. S A Es m ust b e f oll o w e d 

b y t h e I n v esti g at or u ntil r es ol u ti o n, e v e n if t his e xt e n ds b e y o n d t h e st u d y-r e p orti n g p eri o d. 

R es ol uti o n of a n S A E is d efi n e d as t h e r et ur n t o b as eli n e st at us or st a bili z ati o n of t h e 

c o n diti o n wit h t h e e x p e ct ati o n t h at it will r e m ai n c hr o ni c. 

A n y S A E, w h et h er or n ot c o ns i d er e d r el at e d t o st u d y dr u g, will b e r e p ort e d i m m e di at el y 

( wit hi n 2 4 h o urs) t o Bi o M ari n P h ar m a c o vigil a n c e b y f a x usi n g t h e st u d y-s p e cifi c S A E 

R e p ort F or m. I n a d diti o n t o t h e o ut c o m e of t h e S A E, a n y m e di c ati o n or ot h er t h er a p e uti c 

m e as ur es us e d t o tr e at t h e e v e nt will b e r e c or d e d o n t h e a p pr o pri at e C R F p a g e(s). 

I n v esti g at ors s h o ul d n ot w ait t o c oll e ct a d diti o n al i nf or m ati o n t h at f ull y d o c u m e nts t h e e v e nt 
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b ef or e n otif yi n g Bi o M ari n P h ar m a c o vi gil a n c e of a n S A E. Bi o M ari n m a y b e r e q uir e d t o 

r e p ort c ert ai n S A Es t o r e g ul at or y a ut h oriti es wit hi n 7 c al e n d ar d a ys of b ei n g n otifi e d a b o ut  

t h e e v e nt; t h er ef or e, it is i m p ort a nt t h at I n v esti g at ors s u b mit a d diti o n al i nf or m ati o n r e q u est e d 

b y Bi o M ari n as s o o n as it b e c o m es a v ail a bl e. 

R e p orti n g of S A Es t o t h e I R B/ E C will b e d o n e  i n c o m pli a n c e wit h t h e st a n d ar d o p er ati n g 

pr o c e d ur es a n d p oli ci es of t h e I R B/ E C a n d wit h a p pli c a bl e r e g ul at or y r e q uir e m e nts. 

A d e q u at e d o c u m e nt ati o n m ust b e o bt ai n e d b y Bi o M ari n s h o wi n g t h at t h e I R B/ E C w as 

pr o p erl y a n d pr o m ptl y n otifi e d as r e q uir e d. 

1 0. 3  P r e g n a n c y  

Pr e g n a n c y i n a s u bj e ct or p art n er s h o ul d b e  r e p ort e d i m m e di at el y ( wit hi n 2 4 h o urs) t o 

Bi o M ari n P h ar m a c o vi gil a n c e b y f a x usi n g t h e Pr e g n a n c y F or m i n t h e st u d y r ef er e n c e 

m at eri als. I n a d diti o n, pr e g n a n c y i n a s u bj e ct is als o r e p ort e d o n t h e E n d of St u d y C R F. 

T h e I n v esti g at or m ust m a k e e v er y eff ort t o  f oll o w t h e s u bj e ct t hr o u g h r es ol uti o n of t h e 

pr e g n a n c y ( d eli v er y or t er mi n a ti o n) a n d t o r e p ort t h e r es ol uti o n o n t h e Pr e g n a n c y F oll o w- u p 

F or m i n t h e st u d y r ef er e n c e m at eri als. I n t h e e v e nt of pr e g n a n c y i n t h e p art n er of a st u d y 

s u bj e ct, t h e I n v esti g at or s h o ul d m a k e e v er y r e as o n a bl e att e m pt t o o bt ai n t h e w o m a n’s 

c o ns e nt f or r el e as e of pr ot e ct e d h e alt h i nf or m ati o n.  

1 0. 4  Bi o M a ri n P h a r m a c o vi gil a n c e C o nt a ct I nf o r m ati o n 

C o nt a ct i nf or m ati o n f or Bi o M ari n P h ar m a c o vi gil a n c e is as f oll o ws: 

Bi o M ari n P h ar m a c e uti c al I n c. 

1 0 5 Di git al Dri v e 

N o v at o, C A  9 4 9 4 9 

P h o n e: ( 4 1 5) 5 0 6- 6 1 7 9 

F a x:  ( 4 1 5)  5 3 2- 3 1 4 4  

E m ail: dr u gs af et y @ b mr n. c o m 
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T h e I n v esti g at or is e n c o ur a g e d t o dis c uss w it h t h e m e di c al m o nit or a n y A Es f or w hi c h t h e 

iss u e of s eri o us n ess is u n cl e ar or q u esti o n e d. Co nt a ct i nf or m ati o n f or t h e m e di c al m o nit or is 

as f oll o ws: 

N a m e:  , M D  

C o m p a n y:  Bi o M ari n P h ar m a c e uti c al I n c. 

A d dr ess:  1 0 5 Di git al Dri v e, N o v at o, C A 9 4 9 4 9, U S A 

P h o n e:   

F a x:    

E m ail:    
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1 1  A P P R O P RI A T E N E S S O F M E A S U R E M E N T S 

T h e effi c a c y, s af et y, a n d P K ass ess m e nts i n t h is st u d y ar e us e d wi d el y a n d ar e g e n er all y 

r e c o g ni z e d as r eli a bl e, a c c ur at e, a n d r el e v a nt. 

1 1. 1  N e u r o c o g niti v e Ass ess m e nts 

T hr e e a g e- a p pr o pri at e s c al es wi ll b e us e d t o ass ess t h e n e uro c o g niti v e f u n cti o n of s u bj e cts 

e nr oll e d i n P art 2 of t his st u d y. 

T h e B a yl e y-III is a t o ol f or ass essi n g all f a c ets of d e v el o p m e nt i n i nf a nts wit hi n a n a g e r a n g e 

of 1 2 m o nt hs u p t o 3 0 m o nt hs, wit h n or m ati v e d a t a a v ail a bl e f or i nf a nts as y o u n g as 1 6 d a ys 

( B a yl e y, 2 0 0 6, Ps y c h ol o gi c al C or p.). ( B a yl e y N, 2 0 0 6, J of Ps y c h o e d u c ati o n al Ass ess m e nt). 

T h e t est i n cl u d es t h e f oll o wi n g d e v el o p m e n t s c al es: A d a pti v e B e h a vi or, C o g niti v e, 

L a n g u a g e, M ot or, a n d S o ci al- E m oti o n al. T hr e e of t h e s c al es, C o g niti v e, M ot or, L a n g u a g e, 

ar e a d mi nist er e d wit h c hil d i nt er a cti o n. T h e 2 r e m ai ni n g sc al es, A d a pti v e B e h a vi or a n d 

S o ci al- e m oti o n, ar e c o n d u ct e d wit h p ar e nt q u esti o n n air es . 

T h e W P P SI-III is a t o ol f or ass essi n g t h e i nt elli g e n c e of c hil dr e n ≥  3 0 m o nt hs t hr o u g h 

< 7 y e ars 3 m o nt hs ol d. T h e W P P SI-III is a d mi ni st er e d o n t w o f or ms as a g e a p pr o pri at e. It 

pr o vi d es c o m p osit e s c or es t h at r e pr es e nt i nt e ll e ct u al f u n cti o ni n g i n s p e cifi e d c o g niti v e 

d o m ai ns ( V er b al I Q a n d P erf or m a n c e I Q) as w ell  as t h e c hil d’s g e n er al i nt ell e ct u al a bilit y 

( F ull-s c al e I Q) ( W e c hsl er D, 2 0 0 2, Ps y c h ol o gi c al C or p). ( S attl er, 2 0 0 4, J er o m e S. S attl er, 

I n c.). 

T h e WI S C-I V ass ess es t h e i nt e lli g e n c e of c hil dr e n 7 y e ars 0 m o nt hs t hr o u g h 1 6 y e ars 

1 1 m o nt hs ol d. T his t est als o pr o vi d es c o m p osit e s c or es t h at r e pr es e nt i nt ell e ct u al 

f u n cti o ni n g i n s p e cifi e d c o g nitiv e ar e as ( V er b al C o m pr e h e nsi o n I n d e x, P er c e pt u al R e as o ni n g 

I n d e x, W or ki n g M e m or y I n d e x, a n d Pr o c essi n g S p e e d I n d e x) i n a d diti o n t o a c o m p osit e 

s c or e r efl e cti n g t h e c hil d’s g e n er al i nt ell e ct u al a bilit y ( F ull S c al e I Q) ( W e c hsl er D, 2 0 0 4, 

Ps y c h ol o gi c al C or p)  
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1 2  S T U D Y P R O C E D U R E S 

1 2. 1  N e u r o c o g niti v e St u d y 

1 2. 1. 1  P r est u d y 

A n I C F m ust b e si g n e d a n d d at e d b y t h e s u bj e ct ( or t h e s u bj e ct’s l e g all y a ut h ori z e d 

r e pr es e nt ati v e if t h e s u bj e ct is l ess t h a n 1 8 ye ars of a g e), t h e PI or d esi g n e e a n d wit n ess 

(if r e q uir e d) b ef or e a n y st u d y-r el at e d pr o c e d ur es ar e p erf or m e d. 

1 2. 1. 2  S c r e e ni n g Visit(s) 

Aft er p ar e nt(s) or g u ar di a n(s) h a v e si g n e d a n I C F, t h e y will b e s cr e e n e d f or e nr oll m e nt 

i nt o t h e st u d y. T h e f oll o wi n g st u d y a cti viti es will b e p erf or m e d at S cr e e ni n g (r ef er t o  

T a bl e 2. 1 , S c h e d ul e of E v e nts): 

•  M e di c al hist or y, i n cl u di n g d e m o gr a p hi cs 

•  P h ysi c al e x a mi n ati o n 

•  W ei g ht  

•  H ei g ht a n d h e a d cir c u mf er e n c e 

•  Vit al si g ns 

•  Cli ni c al l a b or at or y t ests 

•  Bl o o d P h e c o n c e ntr ati o n 

•  Bl o o d tr y pt o p h a n a n d t yr osi n e 

•  C o n c o mit a nt m e di c ati o ns 

•  Di et ar y r e vi e w wit h di eti ci a n  

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as r e a c h e d 
c hil d- b e ari n g p ot e nti al.   ( A s er u m pr e g n a n c y t est will b e p erf or m e d i n t h e e v e nt 
of a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est r es ult.) 
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1 2. 1. 3  P a rt 1: E v al u ati o n of K u v a n R es p o n si v e n ess, 4- W e e k T r e at m e nt Visit(s) 

1 2. 1. 3. 1  W e e k 0 Visit 

Wit hi n 2 8 d a ys of c o m pl eti n g s cr e e ni n g ass ess m e nts, t h e f oll o wi n g st u d y a cti viti es will b e 

p erf or m e d o n W e e k 0 of P art 1. Ass ess m e n ts will b e d o n e pr e d os e u nl ess ot h er wis e 

s p e cifi e d: 

•  W ei g ht 

•  Vit al si g ns ( m o nit or e d at pr e- d os e a n d f or 3 h o urs aft er t h e first d os e of K u v a n i n 
all s u bj e cts) 

•  A d mi nist er st u d y dr u g 

•  C o n c o mit a nt m e di c ati o ns 

•  Di et ar y r e vi e w wit h di eti ci a n  

•  Ass ess m e nt of S A Es ( pr e d os e a n d p ost d os e) a n d all A Es ( p ost d os e) 

•  P K s a m pl e (r ef er t o S e cti o n  1 2. 3) 

•  E C G 2- 6 h o urs aft er t h e firs t d os e of K u v a n i n t h e first 8 0 s u bj e cts e nr oll e d, if 
r e q uir e d 

•  Bl o o d P h e c o n c e ntr ati o n 

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as r e a c h e d 
c hil d- b e ari n g p ot e nti al. ( A s er u m pr e g n a n c y t est will b e p erf or m e d i n t h e e v e nt of 
a n y p ositi v e or e q ui v o c al ur i n e pr e g n a n c y t est r es ult.) 

•  P h ysi c al e x a mi n ati o n, cli ni c al l a b or at or y t ests, h ei g ht  a n d h e a d cir c u mf er e n c e 
m e as ur e m e nts will b e r e p e at e d o nl y if t h e W 0 visit is > 7 d a ys aft er t h e S cr e e ni n g 
visit 

•  Dis p e ns e St u d y D r u g 

1 2. 1. 3. 2  W e e k 1 T h r o u g h W e e k 4 Visits ( ±±  2 d a ys) 

•  Vit al si g ns 

•  W ei g ht 

•  Bl o o d P h e c o n c e ntr ati o n 

•  P K s a m pl es ( W e e ks 1, 2, 3, a n d/ or 4, r ef er t o S e cti o n  1 2. 3) 

•  C o n c o mit a nt m e di c ati o ns 

•  Di et ar y r e vi e w wit h P h e m o difi c ati o n (if n e c ess ar y) wit h a di eti ci a n  

•  Ass ess m e nt of A Es 
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•  Dis p e ns e St u d y Dr u g 

1 2. 1. 3. 3  W e e ks 1, 3, a n d 4 Visits O nl y ( ±±  2 d a ys) 

•  Cli ni c al l a b or at or y t ests  

1 2. 1. 3. 4  W e e k 4 Visit O nl y ( ±±  2 d a ys) 

•  P h ysi c al e x a mi n ati o n 

•  H ei g ht a n d h e a d cir c u mf er e n c e 

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as r e a c h e d 
c hil d- b e ari n g p ot e nti al. ( A s er u m pr e g n a n c y t e st will b e p erf or m e d i n t h e e v e nt of a n y 
p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est r es ult.)  

•  Bl o o d t yr osi n e a n d tr y pt o p h a n 

1 2. 1. 4  P a rt 2: N e u r o c o g niti v e St u d y i n K u v a n- R es p o nsi v e S u bj e cts  

1 2. 1. 4. 1  M o nt hs 2- 5 O nl y ( ± 5 d a ys) 

•  Vit al si g ns 

•  W ei g ht 

•  Cli ni c al l a b or at or y t ests 

•  Bl o o d P h e c o n c e ntr ati o n 

•  C o n c o mit a nt m e di c ati o ns 

•  Ass ess m e nt of A Es 

•  Di et ar y r e vi e w wit h P h e m o difi c ati o n (if n e c ess ar y) wit h a di eti ci a n  

•  Dis p e ns e St u d y Dr u g 

1 2. 1. 4. 2  M o nt h 2 Visit O nl y ( ±  5  d a ys)  

•  A d mi nistr ati o n of a g e- a p pr o pr i at e I Q t est; t his t est m ust b e c o m pl et e d wit hi n 
6 w e e ks of d et er mi n ati o n of K u v a n r es p o nsi v e n ess i n K u v a n-r es p o nsi v e s u bj e cts 
w h o c o nti n u e i nt o t h e N e ur o c o g niti v e St u d y 

1 2. 1. 4. 3  M o nt h 3 a d diti o n al  t o M o nt hs 2- 5 

•  H ei g ht a n d h e a d cir c u mf er e n c e 

•  P h ysi c al e x a mi n ati o n 

•  Bl o o d tr y pt o p h a n a n d t yr osi n e 
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1 2. 1. 4. 4  M o nt h 6 Visit O nl y ( ±  5 d a ys) 

•  Pr e g n a n c y t est, if i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as r e a c h e d 
c hil d- b e ari n g p ot e nti al ( A s er u m pr e g n a n c y t est will b e p erf or m e d i n t h e e v e nt of 
a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est r es ult.)  

•  6- m o nt h r e p e at t esti n g wit h B a yl e y-III i n c hil dr e n 0- 2 y e ars ol d at e nr oll m e nt 

 

1 2. 1. 4. 5  M o nt hs 1 2, 1 8, 2 4,  3 0, et c. ( 6 m o nt h i nt e r v als ± 2 w e e ks) 

•  Vit al si g ns 

•  Bl o o d P h e c o n c e ntr ati o n 

•  W ei g ht 

•  H ei g ht a n d h e a d cir c u mf er e n c e 

•  P h ysi c al e x a mi n ati o n 

•  Cli ni c al l a b or at or y t ests 

•  Pr e g n a n c y t est, if i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as r e a c h e d 
c hil d- b e ari n g p ot e nti al.  ( A s er u m pr e g n a n c y t est will b e p erf or m e d i n t h e e v e nt 
of a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est r es ult.) 

•  C o n c o mit a nt m e di c ati o ns 

•  Di et ar y r e vi e w wit h P h e m o difi c ati o n (if n e c ess ar y) wit h a di eti ci a n  

•  Ass ess m e nt of A Es 

•  Dis p e ns e St u d y Dr u g 

•  N e ur o c o g niti v e t esti n g (s e e S e cti o n 2 . 1, S u m m ar y of E v e nts a n d S e cti o n 9, 
I n v esti g ati o n al Pl a n) 

1 2. 1. 4. 6  M o nt hs 1 2, 2 4, 3 6, 4 8, 6 0, 7 2 a n d 8 4 ( a n n u al i nt e r v als ±±  2 w e e ks)    

•  Bl o o d tr y pt o p h a n, t yr osi n e 

1 2. 1. 4. 7   3- M o nt h I nt e ri m P h o n e C o nt a ct ( M o nt hs 9, 1 5, 2 1, 2 7, et c, ±±  1 w e e k)  

•  W ei g ht 

•  Ass ess m e nt of A Es 

•  C o n c o mit a nt M e di c ati o ns 

•  Dis p e ns e St u d y D r u g 
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1 2. 1. 5  E a rl y T e r mi n ati o n a n d F oll o w- u p Visit(s) ( wit hi n 2 8 ±±  3 d a ys of l ast d os e of 

st u d y d r u g) 

E v e r y s u bj e ct s h o ul d c o m pl et e eit h e r a F oll o w- u p o r T e r mi n ati o n Visit, t o e n d t h ei r 

p a rti ci p ati o n i n t h e st u d y.  T h e F oll o w- u p Visit is c o m pl et e d b y a s u bj e ct w h o c o m pl et es 

o nl y P a rt 1 of t h e st u d y, o r w h o is e n r o ll e d i nt o P a rt 2 a n d c o m pl et es P a rt 2.  

T h e T e r mi n ati o n Visit is c o m pl et e d b y a s u bj e ct w h o wit h d r a ws o r is dis c o nti n u e d f r o m 

t h e st u d y.  T h e F oll o w- u p o r T e r mi n ati o n Visit s h o ul d o c c u r 2 8 d a ys aft e r t h e s u bj e ct’s 

fi n al d os e of d r u g. E v e r y r e as o n a bl e eff o rt will b e m a d e t o h a v e t h e s u bj e ct c o m pl et e a 

F oll o w- u p o r T e r mi n ati o n Visit.  If t h e s u bj e ct d o es n ot c o m pl et e a F oll o w- u p o r 

T e r mi n ati o n Visit i n t h e cli ni c, mi ni m a ll y a f oll o w- u p p h o n e c all will b e m a d e. 

A n y A E t h at c a us es a s u bj e ct t o wit h dr a w fr o m t h e st u d y or a n y cli ni c all y si g nifi c a nt 

a b n or m al l a b or at or y v al u e or vit al si g n m e as ur e m e nt i d e ntifi e d at t h e T er mi n ati o n Visit will 

b e f oll o w e d b y t h e I n v esti g at or, a n d m a y r e q uir e a cli ni c visit.  

T w e nt y- ei g ht d a ys aft er t h e fi n al d os e, t h e f oll o wi n g st u d y a cti viti es will  b e p erf or m e d at t h e 

F oll o w- u p or E arl y T er mi n ati o n Visit: 

•  C o n c o mit a nt m e di c ati o ns 

•  Ass ess m e nt of A Es 

•  Di et ar y r e vi e w wit h di eti ci a n  

•  P h ysi c al e x a mi n ati o n (if at a cli ni c visit ) 

•  Vit al si g ns (if at a cli ni c visit ) 

•  W ei g ht 

•  H ei g ht a n d h e a d cir c u mf er e n c e (if at a cli ni c visit)  

•  Cli ni c al l a b or at or y t ests (if at a cli ni c visit)  

•  Bl o o d tr y pt o p h a n a n d t yr osi n e (if at a cli ni c visit) 

•  Pr e g n a n c y t est if, i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as r e a c h e d 
c hil d- b e ari n g p ot e nti al ( A s er u m pr e g n a n c y t est will b e p erf or m e d i n t h e e v e nt of 
a n y p ositi v e or e q ui v o c al ur i n e pr e g n a n c y t est r es ult.) (if at a cli ni c visit) 

•  N e u r o c o g niti v e t est usi n g B a yl e y-III if  t h e f oll o w u p o r e a rl y t e r mi n ati o n 
visit is 4- 6 m o nt hs aft e r t h e l ast ass ess m e nt. 

•  N e ur o c o g niti v e t ests usi n g W P P SI III or WI S C I V if t h e f oll o w- u p or e arl y 
t er mi n ati o n visit is 9 m o nt hs or m or e aft er t h e l ast ass ess m e nt (if at a cli ni c visit) 

E v er y r e as o n a bl e eff ort s h o ul d b e m a d e t o c o nt a ct a n y s u bj e ct w h o is l ost t o f oll o w- u p. 
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1 2. 2  S u bst u d y 1: 6- M o nt h S af et y a n d Effi c a c y St u d y 

1 2. 2. 1  S c r e e ni n g a n d W e e ks 0- 4 

S e e S e cti o ns 1 2. 1. 1 , 1 2. 1. 2 , a n d 1 2. 1. 3  f or ass ess m e nts t h at will b e d o n e at t h e s cr e e ni n g visit 

a n d W e e k 0 t hr o u g h W e e k 4 ( M o nt h 1); t h es e ar e i d e nti c al t o t h e m ai n st u d y. 

1 2. 2. 2  M o nt hs 2- 6 ( ±±  5 D a ys) 

•  Bl o o d P h e c o n c e ntr ati o n 

•  Cli ni c al l a b or at or y t ests  

•  Vit al si g ns 

•  W ei g ht 

•  C o n c o mit a nt m e di c ati o ns 

•  Di et ar y r e vi e w wit h P h e m o difi c ati o n (if n e c ess ar y) wit h a di eti ci a n  

•  Ass ess m e nt of A Es 

•  Dis p e ns e St u d y Dr u g 

1 2. 2. 3  M o nt hs 3 a n d 6 O nl y ( ±  5 d a ys) 

•  H ei g ht a n d h e a d cir c u mf er e n c e  

•  P h ysi c al e x a mi n ati o n  

•  Bl o o d t yr osi n e a n d tr y pt o p h a n 

1 2. 2. 4  M o nt h 6 Visit O nl y ( ±  5 d a ys) 

•  Pr e g n a n c y t est, if i n t h e esti m ati o n of t h e i n v esti g at or, t h e s u bj e ct h as r e a c h e d 
c hil d- b e ari n g p ot e nti al ( A s er u m pr e g n a n c y t est will b e p erf or m e d i n t h e e v e nt of 
a n y p ositi v e or e q ui v o c al uri n e pr e g n a n c y t est r es ult.)  

•  6- m o nt h r e p e at t esti n g wit h B a yl e y-III i n c hil dr e n 0- 2 y e ars ol d at e nr oll m e nt 

1 2. 3  S u bst u d y 2: P o p ul ati o n P h a r m a c o ki n eti c St u d y i n S u bj e cts 0- 6 Y e a rs Ol d 

A p o p ul ati o n P K st u d y will b e c o m pl et e d i n a t o t al of 8 0 s u bj e cts. Of t h es e 8 0 s u bj e cts, 

1 0  will b e a g es 0 t o ≤  1 y e ars a n d 7 0  will b e > 1 t o 6 y e ars ol d.  

Fr o m W e e ks 0 t o 4, a t ot al of 3 pl as m a s a m pl e s will b e c oll e ct e d fr o m s u bj e cts a g es 0 t o 

≤  1 y e ar a n d 4 pl as m a s a m pl es fr o m s u bj e cts > 1 t o 6 y e ars ol d. 

E a c h of t h e s a m pl es will b e c oll e ct e d at diff e r e nt ti m es i n r el ati o n t o t h e s u bj e cts’ m or ni n g 

K u v a n d os e.  
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•  S u bj e cts a g e d 0 t o ≤  1 y e ar will h a v e a pr e- d os e s a m pl e t a k e n at W e e ks 1 a n d 2 
a n d a p ost- d os e s a m pl e t a k e n at W e e ks 1, 2, 3, or 4.  

S u bj e cts > 1 t o 6 y e ars ol d will h a v e a pr e- d os e s a m pl e o n W e e k 0 a n d 3 p ost- d os e 
s a m pl es. T h e 3 p ost- d os e s a m pl es: 

o  h a v e 3 diff er e nt s a m pli n g ti m es 

o  m a y b e o bt ai n e d d uri n g a n y of t h e W e e k 2, 3, or 4 st u d y visits 

o  m a y b e o bt ai n e d i n a n y or d er 

T h e st u d y st aff will c o or di n at e t h e m ost c o n v e ni e nt c oll e cti o n s c h e d ul e f or e a c h i n di vi d u al 

s u bj e ct a n d t h eir p ar e nts or g u ar di a ns. 

T h e c oll e cti o n s c h e d ul e is d es cri b e d i n T a bl e 1 2. 3. 1.  

T a bl e 1 2. 3. 1:  S a m pli n g Wi n d o ws f o r P o p ul ati o n P K St u d y 

    P ost- d os e S a m pli n g Wi n d o w 

A g e 
G r o u p 
( Y e a rs) Visit 

O pti m al S a m pli n g 
Ti m e 

( H o u rs, Mi n ut es) 
L o w e r B o u n d 

( H o u rs, Mi n ut es) 

U p p e r B o u n d 
( H o u rs, 
Mi n ut es) 

0 t o ≤  1  W e e k 1  Pr e- d os e  --  -- 

0 t o ≤  1  W e e k 2  Pr e- d os e  --  -- 

0 t o ≤  1 
W e e k 1, 2, 

3, or 4 
4. 9 hrs ( 2 9 4 mi n) 

p ost- d os e 
4. 5 hrs ( 2 7 0 mi n)  5. 5 hrs ( 3 3 0 mi n) 

> 1 t o 6  W e e k 0  Pr e- d os e -- -- 

> 1 t o 6 
W e e k 2, 3, 
a n d/ or 4 a  

0. 2 2 hrs ( 1 3 mi n) 
p ost- d os e 

0. 1 2 hrs ( 7 mi n)  1. 2 hrs ( 7 2 mi n) 

> 1 t o 6 
W e e k 2, 3, 
a n d/ or 4 a  

3. 2 hrs ( 1 9 2 mi n) 
p ost- d os e 

2. 6 hrs ( 1 5 6 mi n)  5. 2 hrs ( 3 1 2 mi n) 

> 1 t o 6 
W e e k 2, 3, 
a n d/ or 4 a  

7 hrs ( 4 2 0 mi n) 
p ost- d os e 

6 hrs ( 3 6 0 mi n)  8 hrs ( 4 8 0 mi n) 

--N ot a p pli c a bl e  
a S u bj e cts m a y h a v e all 3 s a m pl es dr a w n at o n e visit, at 2 of t h e 3 visits, or h a v e 1 s a m pl e dr a w n at e a c h of t h e 

3 visits 

 

S u bj e cts will t a k e t h eir d os e at  t h e s a m e ti m e of d a y wit h a m e al, p er sit e i nstr u cti o ns, t o 

o bt ai n s a m pl es f or t h e p o p ul ati o n P K a n al ysis wit hi n t h e s p e cifi e d ti m e wi n d o ws ( e g, b ef or e 

d osi n g a n d 0. 2 2 t o 8 h o urs or 7 t o 4 8 0 mi n ut es, aft er d osi n g). T h e e x a ct  ti m es of d osi n g will 

b e r e c or d e d. Bl o o d s a m pl es will b e c oll e ct e d a p p r o xi m at el y  2. 5 t o 5 h o urs aft er t h e m e al t o 



 P K U- 0 1 5  P a g e  9 2  

 

Pr o pri et ar y a n d C o nfi d e nti al 3 0 N o v e m b er 2 0 1 0 

o bt ai n bl o o d P h e c o n c e ntr ati o ns w hil e i n P h as e I of t his st u d y ( W e e k 0- W e e k 6). 

P o p ul ati o n P K bl o o d d r a ws m a y alt e r t h e 2. 5- 5 h o u r bl o o d P h e s a m pli n g ti m e.  

I n a d diti o n, i n v esti g at ors will b e as k e d t o c oll e ct a bl o o d s a m pl e f or t ot al bi o pt eri n t esti n g at 

t h e ti m e of a n S A E, w h e n p ossi bl e, if t h e S AE is c o nsi d er e d b y t h e i n v esti g at or t o b e 

pr o b a bl y or p ossi bl y r el at e d t o K u v a n. 
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1 3  D A T A Q U A LI T Y A S S U R A N C E 

Bi o M ari n p ers o n n el or d esi g n e es will visit t h e st u d y sit e pri or t o i niti a ti o n of t h e st u d y t o 

r e vi e w wit h t h e sit e p ers o n n el i nf or m ati o n a b o ut t h e I P, prot o c ol a n d ot h er r e g ul at or y 

d o c u m e nt r e q uir e m e nts, a n y a p pli c a bl e r a n d o mi z ati o n pr o c e d ur es, s o ur c e d o c u m e nt 

r e q uir e m e nts, C R Fs, m o nit ori n g r e q uir e m e nts, a n d pr o c e d ur es f or r e p orti n g A Es, i n cl u di n g 

S A Es.  

At visits d uri n g a n d aft er t h e st u d y, a C R A will m o nit or t h e sit e f or c o m pli a n c e wit h 

r e g ul at or y d o c u m e nt ati o n, wit h a f o c us o n a c c ur at e a n d c o m pl et e r e c or di n g of d at a o n C R Fs 

fr o m s o ur c e d o c u m e nts, a d h er e n c e t o pr ot o c ol, r a n d o mi z ati o n (if a p pli c a bl e), S A E r e p orti n g 

a n d dr u g a c c o u nt a bilit y r e c or ds.  

T h e d esi g n at e d cli ni c al d at a m a n a g e m e nt gr o u p will e nt er or tr a nsf er C R F d at a i nt o a st u d y 

d at a b as e. 

D at a q u alit y c o ntr ol a n d a n al ys is will b e p erf or m e d b y Bi o M ari n or a d esi g n e e, b as e d o n a 

pr e d efi n e d a n al ysis pl a n. 
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1 4  S T A TI S TI C A L M E T H O D S A N D D E T E R MI N A TI O N O F S A M P L E SI Z E 

1 4. 1  Eff e ct of K u v a n o n N e u r o c o g niti v e F u n cti o n 

1 4. 1. 1  St atisti c al a n d A n al yti c al Pl a ns 

T h e st atisti c al a n al ysis pl a n ( S A P) will pr o vi d e  a d diti o n al d et ails o n t h e pl a n n e d st atisti c al 

a n al ysis. 

1 4. 1. 2  P ri m a r y Effi c a c y A n al ysis 

T h e pri m ar y effi c a c y e n d p oi nt is t h e I Q s c or e m e as ur e d b y t h e W P P SI-III or WI S C-I V t ests. 

A n al ysis of n e ur o c o g niti v e d e v el o p m e nt usi n g t h e I Q s c or es will b e p erf or m e d usi n g a 

r e p e at e d m e as ur es m o d el. T h e o ut c o m e v ari a bl e will b e t h e I Q s c or e fr o m W P P SI-III a n d/ or 

WI S C-I V t ests. T h e sl o p e of t h e t est s c or es  will b e c al c ul at e d. T h e tr e at m e nt will b e 

c o nsi d er e d s u c c essf ul if t h e l o w er c o nfi d e n c e li m it of t h e m e a n c h a n g e i n t est s c or e o v er a 

2- y e ar p eri o d e x cl u d es a d e cli n e of gr e at er t h a n 5 p oi nts. All d at a will b e i n cl u d e d i n a 

c o m bi n e d a n al ysis, str atifi e d b y t est i n g s e q u e n c e us e d ( W P P SI-III/ W P P SI-III, 

W P P SI-III/ WI S C-I V, or WI S C-I V/ WI S C-I V). 

A n o mi n al d e cli n e i n I Q will b e c o nsi d er e d a c c e pt a bl e b e c a us e r es e ar c h h as s h o w n t h at 

d es pit e e arl y a n d c o nti n u o us di et ar y m a n a g e m e nt of P K U, t h es e p ati e nts h a v e l o w er 

I Q s c or es t h a n si bli n gs or n o n- P K U c o ntr ols m at c h e d f or a g e,  s e x, a n d p ar e nt’s e d u c ati o n. 

R es ults fr o m a pr os p e cti v e st u d y s p o ns or e d b y t h e Britis h M e di c al R es e ar c h C o u n cil ( M R C) 

of I Q i n 5 4 5 c hil dr e n wit h P K U s h o w e d t h at P K U p ati e nts att ai n m e a n I Q l e v els 8 p oi nts 

b el o w t h e n or ms ( S mit h, 1 9 8 9, E ur.J. Cli n. N utr.) A r e p ort fr o m t h e P K U C oll a b or ati v e St u d y 

s h o w e d t h at at 4 y e ars of a g e, 3 6 P K U c hil d r e n w h o h a d r e c ei v e d e arl y a n d c o nti n u o us 

di et ar y m a n a g e m e nt of P K U h a d si g nifi c a ntl y l o w er ( P = . 0 2) m e a n [st a n d ar d err or, S E] I Q 

s c or es of 9 4. 0 [ 1 7. 6] t h a n t h eir m at c h e d n o n- P K U si bli n g c o ntr ols, 9 9. 0 [ 1 5. 0] ( D o bs o n, 

1 9 7 6, P e di atri cs) . F oll o w u p of t h es e s a m e c hil dr e n at 8 y e ars ol d c o nfir m e d t h e e arli er 

fi n di n gs; m e a n WI S C F ull S c al e I Q s c or e i n t h e P K U c hil dr e n w as 1 0 0 c o m p ar e d wit h 

1 0 7 f or t h eir m at c h e d si bli n g c o ntr ols ( P = . 0 0 1; ( K o c h, 1 9 8 4, J.I n h erit. M et a b Dis.). I n a 

st u d y of 3 7 P K U p ati e nts b et w e e n 3 a n d 1 9 y e ars ol d w h o h a d r e c ei v e d e arl y a n d c o nti n u o us 

di et ar y m a n a g e m e nt of P K U, c o g niti v e f u n cti o n w a s c o m p ar e d wit h t h at of c o ntr ols m at c h e d 

f or a g e, s e x, a n d g e o gr a p hi c l o c ati o n ( G assi o, 2 0 0 5, D e v. M e d. C hil d N e ur ol.). T h e m e a n 

I Q ( ± st a n d ar d d e vi ati o n, S D) w as si g nifi c a ntl y l o w er i n t h e P K U gr o u p ( 1 0 0 ± 1 1) c o m p ar e d 

wit h t h at of t h e c o ntr ol gr o u p ( 1 1 1 ± 8. 8) ( P = . 0 0 1). Si mil arl y, ( Ris, 1 9 9 4, J. P e di atr.) 

c o m p ar e d 1 0 a d ults wit h P K U w h os e dis e as e w a s di et ar y m a n a g e d e arl y  i n lif e wit h t h eir 

u n aff e ct e d c o ntr ol si bli n gs. A g ai n, P K U p ati e nt s h a d si g nifi c a ntl y l o w er m e a n I Q r es ults 

( 9 1 ± 1 2) t h a n di d t h eir n o n- P K U si bli n gs (1 0 0 ± 1 1, P = . 0 4). T h er ef or e, b e c a us e p ati e nts 
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wit h P K U w h os e bl o o d P h e c o n c e ntr ati o ns h a v e b e e n m a n a g e d e arl y a n d c o nti n u o usl y wit h a 

P h e-r estri ct e d di et ar e n ot e x p e ct e d t o h a v e n or m al I Q, a n o mi n al d e cli n e of u p t o 5 I Q p oi nts 

o v er a 2- y e ar p eri o d will b e c o nsi d er e d t h e e x p e ct e d b as eli n e m e as ur e m e nt f or t h e st u d y. 

1 4. 1. 3  S e c o n d a r y Effi c a c y A n al ysis 

T h e s e c o n d ar y effi c a c y e n d p oi nt is: 

C h a n g e i n d e v el o p m e nt al gr o wt h f a ct ors,  m e as ur e d b y h ei g ht, w ei g ht, a n d h e a d 
cir c u mf er e n c e fr o m b as eli n e 

T his s e c o n d ar y e n d p oi nt will b e a n al y z e d usi n g a l o n git u di n al m o d el. 

1 4. 1. 4  S af et y A n al ysis 

T h e ori gi n al t er ms r e p ort e d i n C R Fs t o i d e ntif y A Es will b e c o d e d usi n g t h e M e di c al 

Di cti o n ar y f or R e g ul at or y A cti viti es ( M e d D R A) . T h e i n ci d e n c e of tr e at m e nt- e m er g e nt A Es 

will b e s u m m ari z e d b y s yst e m or g a n cl ass, pr ef err e d t er m, r el ati o ns hi p t o st u d y dr u g, a n d 

s e v erit y. A b y-s u bj e ct listi n g will b e pr o vi d e d f or t h os e s u bj e cts w h o h a d a S A E, i n cl u di n g 

d e at h, or h a d a n A E r es ulti n g i n e arl y dis c o nti n u ati o n of st u d y dr u g. 

L a b or at or y d at a will b e s u m m ari z e d b y t h e t y p e of l a b or at or y t est. T h e fr e q u e n c y a n d 

p er c e nt a g e of s u bj e cts w h o e x p eri e n c e a n a b n or m alit y (i e, o utsi d e of r ef er e n c e r a n g es) or 

cli ni c all y si g nifi c a nt a b n or m alit y aft er st u d y dr u g  a d mi nistr ati o n will b e pr es e nt e d f or e a c h 

l a b or at or y a n al yt e. F or e a c h l a b or at or y a n al yte, d es cri pti v e st atisti cs will b e pr o vi d e d f or 

v al u es m e as ur e d at e a c h s c h e d ul e d visit, a n d f or c h a n g e i n v al u es fr o m b as eli n e t o e a c h 

s c h e d ul e d visit. Si mil arl y, d es cri pti v e st atisti cs of vit al si g ns will b e pr o vi d e d. 

I nt eri m s af et y a n al ys es will b e c o n d u ct e d a n n u all y t hr o u g h c o m pl eti o n of t h e st u d y. 

1 4. 1. 5  D et e r mi n ati o n of S a m pl e Si z e 

T h e c al c ul ati o n of s a m pl e si z e ass u m es t h at e a c h c hil d will h a v e 2 p ost-tr e at m e nt t est r es ults 

fr o m t h e W P P SI-III a n d/ or WI S C-I V t ests at l e ast 2 y e ars a p art. T h e g o al is t o e x cl u d e a 

m e a n 2. 5- p oi nt l oss p er y e ar i n s c or e. Gi v e n a 2-si d e d T y p e I err or r a t e of 0. 0 5, if t h e m e a n 

I Q s c or e at b as eli n e is 1 0 0, t h e st a n d ar d d evi ati o n is 1 5, a n d t h e c o rr el ati o n b et w e e n t h e 

2 t est r es ults is 0. 8, a s a m pl e si z e of 4 5 s u bj e cts will yi el d 9 0 % p o w er. 

T o a c c o u nt f or t h e p ossi bilit y of dr o p o uts a n d t o h a v e r e as o n a bl e pr e cisi o n f or esti m ati n g 

c h a n g e i n I Q fr o m t h e ti m e a c hil d r e a c h es at  l e ast a g e 3 0 m o nt hs u ntil t h e e n d of t h e st u d y, 

a p pr o xi m at el y 6 0- 8 0 K u v a n-r es p o nsi v e s u bj e cts will b e e nr oll e d i n t h e st u d y. 
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1 4. 2  S u bst u d y 1: S af et y a n d Effi c a c y A n al ys es  

Effi c a c y will b e ass ess e d b y t h e a bilit y of K u v a n, a d mi nist er e d o v er a 6- m o nt h p eri o d, t o 

c o ntr ol bl o o d P h e c o n c e ntr ati o ns wit hi n a c c e pt a bl e r a n g es f or a g e a n d f or t h e crit eri a us e d at 

t h e tr e at m e nt c e nt ers. Effi c a c y e n d p oi nts ar e: 

•  Pr o p orti o n of s u bj e cts w h os e bl o o d P h e c o n c e ntr ati o n is wit hi n a c c e pt a bl e r a n g es 
at p ost-tr e at m e nt visits 

•  M e a n c h a n g e i n bl o o d P h e c o n c e ntr ati o n fr o m b a s eli n e t o p ost-tr e at m e nt m o nt hl y 
visits 

A n e x a ct 9 5 % c o nfi d e n c e i nt er v al ( CI) f o r t h e pr o p orti o n of s u bj e cts w h os e bl o o d P h e 

c o n c e ntr ati o n wit hi n a c c e pt a bl e r a n g es at e a c h  p ost-tr e at m e nt visit a n d a 9 5 %  CI f or t h e 

m e a n c h a n g e i n bl o o d P h e c o n c e ntr ati o n fr o m b a s eli n e t o p ost-tr e at m e nt m o nt hl y visits will 

b e pr o vi d e d f or t h e effi c a c y ass ess m e nt. B as eli n e bl o o d P h e c o n c e ntr ati o n will b e c al c ul at e d 

usi n g t h e m e a n of S cr e e ni n g a n d W e e k 0 ( pri or t o d osi n g wit h K u v a n) r es ults.  

S af et y r es ults f or t h e first 6 m o nt hs of tr e at m e nt will b e a n al y z e d as d es cri b e d a b o v e. 

1 4. 3  S u bst u d y 2: P h a r m a c o ki n eti c A n al ys es 

T h e ti m e c o urs e of t h e c al c ul at e d B H 4 c o n c e ntr ati o n (fr o m pl as m a t ot al bi o pt eri n 

m e as ur e m e nt) will b e m o d el e d t o esti m at e  t h e f oll o wi n g p o p ul ati o n P K p ar a m et ers f or 

K u v a n: a p p ar e nt cl e ar a n c e ( C L/ F) wit h ass o ci at e d i nt er-i n di vi d u al v ari a bi lit y, a p p ar e nt 

v ol u m e of distri b uti o n ( V c/ F) wit h ass o ci at e d i nt er-i n di vi d u al v ari a bilit y, a n d a bs or pti o n r at e 

c o nst a nt wit h ass o ci at e d i nt er-i n di vi d u al v ari a bilit y ( K a). D at a  fr o m t h e S u bst u d y 2 m a y als o 

b e p o ol e d wit h P K d at a o bt ai n e d fr o m a d u lt s u bj e cts i n pr e vi o us cli ni c al st u di es. 
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1 4. 4  C h a n g es i n t h e C o n d u ct of t h e St u d y o r Pl a n n e d A n al ys es 

O nl y Bi o M ari n m a y m o dif y t h e pr ot o c ol. A n y c h a n g e i n st u d y c o n d u ct c o nsi d er e d n e c ess ar y 

b y t h e PI will b e m a d e o nl y aft er c o ns ult ati o n wit h Bi o M ari n, w h o will t h e n iss u e a f or m al 

pr ot o c ol a m e n d m e nt t o i m pl e m e nt t h e c h a n g e. T h e o nl y e x c e pti o n is w h e n a n I n v esti g at or 

c o nsi d ers t h at a s u bj e ct’s s af et y is c o m p r o mis e d wit h o ut i m m e di at e a cti o n. I n t h es e 

cir c u mst a n c es, i m m e di at e a p pr o v al of t h e c h ai r m a n of t h e I R B/ E C m ust b e s o u g ht, a n d t h e 

I n v esti g at or s h o ul d i nf or m Bi o M ari n a n d t h e f ull I R B/ E C wit hi n 2 w or ki n g d a ys aft er t h e 

e m er g e n c y o c c urs.  

Wit h t h e e x c e pti o n of mi n or a d mi nistr ati v e or  t y p o gr a p hi c al c h a n g es, t h e I R B/ E C m ust 

r e vi e w a n d a p pr o v e all pr ot o c ol a m e n d m e nts. Pr ot o c ol a m e n d m e nts t h at h a v e a n i m p a ct o n 

s u bj e ct ris k or t h e st u d y o bj e cti v es, or r e q uir e r e visi o n of t h e I C F, m ust r e c ei v e a p pr o v al 

fr o m t h e I R B/ E C pri or t o t h eir i m pl e m e nt ati o n. 

W h e n a pr ot o c ol a m e n d m e nt s u bst a nti all y alt e rs t h e st u d y d esi g n or t he p ot e nti al ris ks or 

b ur d e n t o s u bj e cts, t h e I C F will b e a m e n d e d a n d a p pr o v e d b y Bi o M ari n a n d t h e I R B/ E C, a n d 

all a cti v e s u bj e cts m ust a g ai n pr o vi d e i nf or m e d c o ns e nt. 

N ot e: If dis cr e p a n ci es e xist b et w e e n t h e t e xt of t h e st atisti c al a n al ysis as pl a n n e d i n t h e 

pr ot o c ol, a n d t h e fi n al S A P, a pr ot o c ol a m e n d m e nt will n ot b e iss u e d a n d t h e S A P will 

pr e v ail. 
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1 5  D A T A M O NI T O RI N G C O M MI T T E E ( D M C) 

T his o p e n-l a b el o n e- ar m st u d y will n ot h a v e a D M C.  
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1 6  C O M P E N S A TI O N, I N S U R A N C E A N D I N D E M NI T Y 

T h er e will b e n o c h ar g e t o st u d y s u bj e cts t o b e i n t his st u d y. Bi o M ari n will p a y all c osts of 

t ests, pr o c e d ur es, a n d tr e at m e nts t h at ar e p art of t his st u d y. I n a d diti o n, aft er I R B/ E C 

a p pr o v al, Bi o M ari n m a y r ei m b urs e t h e c ost of tr a v el f or st u d y-r el at e d visits. Bi o M ari n will 

n ot p a y f or a n y h os pit ali z ati o ns, t ests, or tr e at m e nts f or m e di c al pr o bl e ms of a n y s ort, 

w h et h er or n ot r el at e d t o t h e st u d y s u bj e ct’s dis e as e, t h at ar e n ot p art of t his st u d y. C osts 

ass o ci at e d wit h h os pit ali z ati o ns, t ests, a n d tr e a t m e nts s h o ul d b e bill e d a n d c oll e ct e d i n t h e 

w a y t h at s u c h c osts ar e us u all y bill e d a n d c oll e ct e d. 

T h e I n v esti g at or s h o ul d c o nt a c t Bi o M ari n i m m e di at el y u p o n n otifi c ati o n t h at a st u d y s u bj e ct 

h as b e e n i nj ur e d b y t h e I P or b y pr o c e d ur es p e rf or m e d as p art of t he st u d y. A n y s u bj e ct w h o 

e x p eri e n c es a st u d y-r el at e d i nj ur y s h o ul d b e i nst r u ct e d b y t h e I n v esti g at or t o s e e k m e di c al 

tr e at m e nt at a pr e-s p e cifi e d m e di c al i nstit uti o n if p ossi bl e, or at t h e cl os est m e di c al tr e at m e nt 

f a cilit y if n e c ess ar y. T h e s u bj e ct s h o ul d b e gi v e n t h e n a m e of a p ers o n t o c o nt a ct t o s e e k 

f urt h er i nf or m ati o n a b o ut, a n d assist a n c e wit h, tr e at m e nt f or st u d y-r el at e d i nj uri es. 

T h e tr e ati n g p h ysi ci a n s h o ul d bill t h e s u bj e ct’s h e alt h i ns ur a n c e c o m p a n y or ot h er t hir d p art y 

p a y er f or t h e c ost of t his m e di c al tr e at m e nt. If t h e s u bj e ct h as f oll o w e d t h e I n v esti g at or’s 

i nstr u cti o ns, Bi o M ari n will p a y f or r e as o n a bl e a n d n e c ess ar y m e di c al s er vi c es t o tr e at t h e 

i nj uri es c a us e d b y t h e I P or st u d y pr o c e d ur es, if t h es e c osts ar e n ot c o v er e d b y h e alt h 

i ns ur a n c e or a n ot h er t hir d p art y t h at us u all y p a ys t h es e c osts. I n s o m e j uris di cti o ns, Bi o M ari n 

is o bli g at e d b y l a w t o p a y f or st u d y-r el at e d i nj uri es wit h o ut pri or r e c o urs e t o t hir d p art y 

p a y er billi n g. If t his is t h e c as e, Bi o M ari n will c o m pl y wit h t h e l a w. 
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1 7  C A S E R E P O R T F O R M S A N D S O U R C E D O C U M E N T S 

El e ctr o ni c c as e r e p ort f or ms will b e pr o vi d e d f or e a c h s u bj e ct. T h e I n v esti g at or m ust r e vi e w 

a n d el e ctr o ni c all y si g n t h e c o m pl et e d C R F c as e b o o k t o v erif y its a c c ur a c y. 

C R Fs m ust b e c o m pl et e d usi n g a w e b – b as e d a p p li c ati o n d e v el o p e d a n d v ali d at e d. St u d y sit e 

p ers o n n el will b e tr ai n e d o n t h e a p pli c ati o n a n d will e nt er t h e cli ni c al d at a fr o m s o ur c e 

d o c u m e nt ati o n. U nl ess e x pli citl y all o w e d i n t h e C R F i nstr u cti o ns, bl a n k d at a fi el ds ar e n ot 

a c c e pt a bl e.  

I n t h e e v e nt of a n e ntr y err or, or if n e w i nf or m ati o n b e c o m es a v ai l a bl e, t h e sit e p ers o n n el will 

c orr e ct t h e v al u e b y d es el e cti n g t h e err o n e o us r es p o ns e a n d t h e n s el e cti n g or e nt eri n g t h e 

f a ct u al r es p o ns e. I n c o m pli a n c e wit h 2 1 C F R P art 1 1, t h e s yst e m will r e q uir e t h e sit e 

p ers o n n el t o e nt er a r e as o n f or c h a n gi n g t h e v a l u e. T h e d o c u m e nt e d au dit tr ail will i n cl u d e 

t h e r e as o n f or t h e c h a n g e, t h e ori gi n al v al u e, t he n e w v al u e, t h e ti m e of t h e c orr e cti o n a n d t h e 

i d e ntit y of t h e o p er at or. 

Bi o M ari n’s p oli c y is t h at st u d y d at a o n t h e C R Fs m ust b e v erifi a bl e t o t h e s o ur c e d at a, w hi c h 

n e c essit at es a c c ess t o all ori gi n al r e c or di n gs, l a b or at or y r e p orts, a n d s u bj e ct r e c or ds. 

I n a d diti o n, all s o ur c e d at a s h o uld b e attri b ut a bl e (si g n e d a n d d at e d). T h e I n v esti g at or m ust 

t h er ef or e a gr e e t o all o w dir e ct a c c ess t o all s o ur c e d at a. S u bj e ct s ( or t h eir l e g all y a ut h ori z e d 

r e pr es e nt ati v e) m ust als o all o w a c c ess t o t h eir m e di c al r e c or ds, a n d s u bj e cts will b e i nf or m e d 

of t his a n d will c o nfir m t h eir a gr e e m e nt w h e n gi vi n g i nf or m e d c o ns e nt. If a n I n v esti g at or or 

i nstit uti o n r ef us es t o all o w a c c ess t o s u bj e ct r e c or ds b e c a us e of  c o nfi d e nti alit y, arr a n g e m e nts 

m ust b e m a d e t o all o w a n “i nt er vi e w ” st yl e of d at a v erifi c ati o n. 

A C R A d esi g n at e d b y Bi o M ari n will c o m p ar e t h e C R Fs wit h t h e ori gi n al s o ur c e d o c u m e nts 

at t h e st u d y sit e a n d e v al u at e t h e m f or c o m pl et e n ess a n d a c c ur a c y b ef or e d esi g n ati n g t h e m as 

“ S o ur c e D at a V erifi e d ” ( S D V). If a n err or is dis c o v er e d at a n y ti m e or  a cl arifi c ati o n is 

n e e d e d, t h e C R A, or d esi g n e e, will cr e at e a n el e ctr o ni c q u er y o n t h e ass o ci at e d fi el d. Sit e 

p ers o n n el will t h e n a ns w er t h e q u er y b y eit h er c o rr e cti n g t h e d at a or r es p o n di n g t o t h e q u er y. 

T h e C R A will t h e n r e vi e w t h e r es p o ns e a n d d et er mi n e eit h er t o cl os e t h e q u er y or r e – q u er y 

t h e sit e if t h e r es p o ns e d o es n ot f ull y a d dr ess t h e q u esti o n. T his pr o c ess is r e p e at e d u ntil all 

o p e n q u eri es h a v e b e e n a ns w er e d a n d cl os e d.  

B ef or e a s u bj e ct’s C R F c as e b o o k c a n b e l o c k e d, all d at a fi el ds m ust b e s o ur c e d at a v erifi e d 

a n d all q u eri es cl os e d. T h e I n v esti g at or will  t h e n el e ctr o ni c all y sig n t h e c as e b o o k, s p e cif yi n g 

t h at t h e i nf or m ati o n o n t h e C R Fs is a c c ur at e an d c o m pl et e. T h e D at a M a n a g er, or d esi g n e e, 

will t h e n s et t h e st at us of t h e f or ms, visits, a n d t h e e ntir e c as e b o o k t o L o c k e d. U p o n 
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c o m pl eti o n of t h e Cli ni c al St u d y R e p ort, a n el e ctr o ni c c o p y of e a c h s it e’s c as e b o o ks will b e 

c o pi e d t o a c o m p a ct dis k ( C D) a n d s e nt t o e a c h sit e f or r et e nti o n wit h ot h er st u d y d o c u m e nts. 
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1 8  S T U D Y M O NI T O RI N G  A N D A U DI TI N G 

Q u alifi e d i n di vi d u als d esi g n at e d b y Bi o M ari n w ill m o nit or all as p e cts of t h e st u d y a c c or di n g 

t o G C P a n d st a n d ar d o p er ati n g pr o c e d ur es f or c o m pli a n c e wit h a p pli c a bl e g o v er n m e nt 

r e g ul ati o ns. T h e PI a gr e es t o all o w t h es e m o nit ors dir e ct a c c ess t o t h e cli ni c al s u p pli es, 

dis p e nsi n g, a n d st or a g e ar e as a n d t o  t h e cli ni c al fil es, i n cl u di n g ori gi n al m e di c al r e c or ds, of 

t h e st u d y s u bj e cts, a n d, if r e q u est e d, a gr e es t o assist t h e m o nit ors. T h e PI a n d st aff ar e 

r es p o nsi bl e f or b ei n g pr es e nt or a v ail a bl e f or c o ns ult ati o n d uri n g r o uti n el y s c h e d ul e d sit e 

visits c o n d u ct e d b y Bi o M ari n or its d esi g n e es. 

M e m b ers of Bi o M ari n’s G C P C o m pli a n c e D e p art m e nt or d esi g n e es m a y c o n d u ct a n a u dit of 

a cli ni c al sit e at a n y ti m e d uri n g or aft er c o m p l eti o n of t h e st u d y. T h e PI will b e i nf or m e d if 

a n a u dit is t o t a k e pl a c e a n d a d vis e d as t o t h e s c o p e of t h e a u dit. R e pr es e nt ati v es of t h e F D A 

or ot h er R e g ul at or y A g e n ci es m a y als o c o n d u ct a n a u dit of t h e st u d y. If i nf or m e d of s u c h a n 

i ns p e cti o n, t h e PI s h o ul d n otif y Bi o M ari n i m m e diat el y. T h e PI will e ns ur e t h at t h e a u dit ors 

h a v e a c c ess t o t h e cli ni c al s u p pl i es, st u d y sit e f a ciliti es, ori gi n al s o ur c e d o c u m e nt ati o n, a n d 

all st u d y fil es. 
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1 9  R E T E N TI O N O F R E C O R D S 

T h e PI m ust r et ai n all st u d y r e c or ds r e q uir e d b y Bi o M ari n a n d b y t h e a p pli c a bl e r e g ul ati o ns 

i n a s e c ur e a n d s af e f a cilit y. T h e PI m ust c o nsult a Bi o M ari n r e pr es e nt a ti v e b ef or e dis p os al 

of a n y st u d y r e c or ds, a n d m ust n otif y Bi o M ari n of a n y c h a n g e i n t h e l o c ati o n, dis p ositi o n or 

c ust o d y of t h e st u d y fil es. T h e PI/i nstit uti o n m ust t a k e m e as ur es t o pr e v e nt a c ci d e nt al or 

pr e m at ur e d estr u cti o n of ess e nti al d o c u m e nts,  t h at is, d o c u m e nts t h at i n di vi d u all y a n d 

c oll e cti v el y p er mit e v al u ati o n of t h e c o n d u ct of a st u d y a n d t h e q u alit y of t h e d at a pr o d u c e d, 

i n cl u di n g p a p er c o pi es of st u d y r e c or ds ( e g, s u bje ct c h arts) as w ell as a n y ori gi n al s o ur c e 

d o c u m e nts t h at ar e el e ctr o ni c as r e q uir e d  b y a p pli c a bl e r e g ul at or y r e q uir e m e nts.  

All st u d y r e c or ds m ust b e r et ai n e d  f or at l e ast 2 y e ars aft er t h e l ast a p pr o v al of a m ar k eti n g 

a p pli c ati o n i n t h e U. S. or a n I C H r e gi o n a n d u ntil ( 1) t h er e ar e n o p e n di n g or c o nt e m pl at e d 

m ar k eti n g a p pli c ati o ns i n t h e U. S. or a n I C H r e gi o n or ( 2) at l e ast 2 y e ars h a v e el a ps e d si n c e 

t h e f or m al dis c o nti n u ati o n of cli ni c al d e v el o p me nt of t h e I P. T h e PI/i nstit uti o n s h o ul d r et ai n 

s u bj e ct i d e ntifi ers f or at l e as t 1 5 y e ars aft er t h e c o m pl eti o n or dis c o nti n u ati o n of t h e st u d y. 

S u bj e ct fil es a n d ot h er s o ur c e d at a m ust b e k e pt f or t h e m a xi m u m p eri o d of ti m e p er mitt e d 

b y t h e h os pit al, i nstit uti o n or pri v at e pr a cti c e,  b ut n ot l ess t h a n 1 5 y e ars. T h es e d o c u m e nts 

s h o ul d b e r et ai n e d f or a l o n g e r p eri o d, h o w e v er, if r e q uir e d b y t h e a p pli c a bl e  r e g ul at or y 

r e q uir e m e nts or b y a Bi o M ari n a gr e e m e nt. Bi o M ari n m ust b e n otifi e d a n d will assist wit h 

r et e nti o n s h o ul d PI/i nstit uti o n b e u n a bl e t o c o nti n u e m ai nt e n a n c e of s u bj e ct fil es f or t h e f ull 

1 5 y e ars. It is t h e r es p o nsi bilit y of Bi o M ari n  t o i nf or m t h e PI/i nstit uti o n as t o w h e n t h es e 

d o c u m e nts n o l o n g er n e e d t o b e r et ai n e d. 
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2 0  U S E O F I N F O R M A TI O N A N D P U B LI C A TI O N 

Bi o M ari n r e c o g ni z es t h e i m p or t a n c e of c o m m u ni c ati n g m e di c al st u d y d at a a n d t h er ef or e 

e n c o ur a g es t h eir p u bli c ati o n i n r e p ut a bl e s ci e ntifi c j o ur n als a n d at s e mi n ars or c o nf er e n c es. 

T h e d et ails of t h e pr o c ess e s of pr o d u ci n g a n d r e vi e wi n g r e p orts, m a n us cri pts, a n d 

pr es e nt ati o ns b as e d o n t h e d at a fr o m t his st u d y will b e d es cri b e d i n t h e Cli ni c al St u d y 

A gr e e m e nt b et w e e n Bi o M ari n a n d t h e PI. 
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2 1  R E F E R E N C E S 

B a yl e y N. T est R e vi e w: B a yl e y S c al es of I nf a nt a n d T o d dl er D e v el o p m e nt ( B a yl e y-III). 
T e c h ni c al M a n u al. J of Ps y c h o e d u c ati o n al Ass ess m e nt 2 5[ 2], 1 8 0- 1 9 0. 2 0 0 6.  

B a yl e y N. B a yl e y S c al es of I nf a nt a n d T o d dl er D e v el o p m e nt ( B a yl e y- III). T e c h ni c al M a n u al. 
T hir d e d. S a n A nt o ni o: Ps y c h ol o gi c al C or p., 2 0 0 6. [ T his p u bli c ati o n is a b o o k a n d t h er ef or e 
is n ot i n cl u d e d i n t h e s u b missi o n.] 

B er n e g g er, C, Bl a u, N. Hi g h fr e q u e n c y of t etr a h y dr o bi o pt eri n-r es p o nsi v e n ess a m o n g 
h y p er p h e n yl al a ni n e mi as: a st u d y of 1, 9 1 9 p a ti e nts o bs er v e d fr o m 1 9 8 8 t o 2 0 0 2. M ol G e n et 
M et a b 7 7[ 4], 3 0 4- 3 1 3. 2 0 0 2.  

Bl a u, N, B er n e g g er, C, Tr ef z, F K. T etr a h y dr o bi o pt eri n-r es p o nsi v e h y p er p h e n yl al a ni n a e mi a 
d u e t o h o m o z y g o us m ut ati o ns i n t h e p h e n yl al a n i n e h y dr o x yl as e g e n e. E ur J P e di atr 1 6 2[ 3], 
1 9 6. 2 0 0 3.  

C er o n e, R, S c hi affi n o, M C, F a nt asi a, A R, P erf u m o, M et. al. L o n g-t er m f oll o w- u p of a 
p ati e nt wit h mil d t etr a h y dr o bi o pt eri n-r es p o ns i v e p h e n yl k et o n uri a. M ol G e n et M et a b 8 1[ 2], 
1 3 7- 1 3 9. 2 0 0 4.  

D o bs o n, J C, K us hi d a, E, Willi a ms o n, M, Fri e d m a n, E G. I nt ell e ct u al p erf or m a n c e of 3 6 
p h e n yl k et o n uri a p ati e nts a n d t h eir n o n aff e ct e d si bli n gs. P e di atri cs 5 8[ 1], 5 3- 5 8. 1 9 7 6.  

D u d es e k, A, R os c hi n g er, W, M u nt a u, A C, S ei d el , J et. al. M ol e c ul ar a n al ysis a n d l o n g-t er m 
f oll o w- u p of p ati e nts wit h diff er e nt f or ms of 6- p yr u v o yl-t etr a h y dr o pt eri n s y nt h as e 
d efi ci e n c y. E ur J P e di atr 1 6 0[ 5], 2 6 7- 2 7 6. 2 0 0 1.  
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2 2  I N V E S TI G A T O R R E S P O N SI BI LI TI E S 

2 2. 1  C o n d u ct of St u d y a n d P r ot e cti o n of H u m a n S u bj e cts  

I n a c c or d a n c e wit h F D A F or m 1 5 7 2, t h e I n v esti g at or will e ns ur e t h at: 

H e or s h e will c o n d u ct t h e st u d y i n a c c or d a n c e wit h t h e r el ev a nt, c urr e nt pr ot o c ol a n d 
will o nl y m a k e c h a n g es i n a pr ot o c ol aft er n otif yi n g t h e s p o ns or, e x c e pt w h e n 
n e c ess ar y t o pr ot e ct t h e s af et y, ri g hts, or w elf ar e of s u bj e cts. 

H e or s h e will p ers o n all y c o n d u ct or s u p er vis e t h e st u d y. 

H e or s h e will i nf or m a n y p ot e nti al s u bj e cts, or a n y p ers o ns us e d as c o ntr ols, t h at t h e 
dr u gs ar e b ei n g us e d f or i n v esti g ati o n al p ur p os es a n d h e or s h e will e ns ur e t h at t h e 
r e q uir e m e nts r el ati n g t o o bt ai ni n g i nf or m e d c o ns e nt i n 2 1 P art 5 0 a n d i nstit uti o n al 
r e vi e w b o ar d (I R B) r e vi e w a n d a p pr o v al i n 2 1 C F R P art 5 6 ar e m et.  

H e or s h e will r e p ort t o t h e s p o ns or a d v ers e e x p eri e n c es t h at o c c ur i n t h e c o urs e of t h e 
i n v esti g ati o n i n a c c or d a n c e wit h 2 1 C F R 3 1 2. 6 4. 

H e or s h e h as r e a d a n d u n d erst a n ds t h e i n f or m ati o n i n t h e I n v esti g at or’s Br o c h ur e, 
i n cl u di n g p ot e nti al ris ks an d si d e eff e cts of t h e dr u g. 

His or h er st aff a n d all p ers o ns w h o assist i n t h e c o n d u ct of t h e st u d y ar e i nf or m e d a b o ut 
t h eir o bli g ati o ns i n m e eti n g t h e a b o v e c o m mit m e nts 

H e or s h e will e ns ur e t h at a d e q u at e a n d a c c ur at e r e c or ds i n a c c or d a n c e wit h 
2 1 C F R 3 1 2. 6 2 a n d t o m a k e t h os e r e c or ds a v ail a bl e f or i ns p e cti o n i n a c c or d a n c e wit h 
2 1 C F R 3 1 2. 6 8. 

H e or s h e will e ns ur e t h at t h e I R B/ E C c o m pli es wit h t h e r e q uir e m e nts of 2 1 C F R P art 5 6, 
a n d ot h er a p pli c a bl e r e g ul ati o ns, a n d c o n d u cts i niti al a n d o n g oi n g r e vi e ws a n d 
a p pr o v als of t h e st u d y. H e or s h e will als o e n s ur e t h at a n y c h a n g e i n r es e ar c h a cti vit y 
a n d all pr o bl e ms i n v ol vi n g ris ks t o h u m a n s u bj e cts or ot h ers ar e r e p ort e d t o t h e 
I R B/ E C. A d diti o n all y, h e or s h e will n ot m a k e a n y c h a n g es i n t h e r es e ar c h wit h o ut 
I R B/ E C a p pr o v al, e x c e pt w h er e n e c ess ar y t o eli mi n at e a p p ar e nt i m m e di at e h a z ar ds t o 
h u m a n s u bj e cts. 

H e or s h e a gr e es t o c o m pl y wit h all ot h e r r e q uir e m e nts r e g ar di n g t h e o bli g ati o ns of 
cli ni c al I n v esti g at ors a n d all ot h er p erti n e nt r e q uir e m e nts i n 2 1 C F R P art 3 1 2. 




	AMENDMENT 2 PROTOCOL PKU-015 (30NOV2010)
	1 TITLE PAGE
	RATIONALE AND SUMMARY OF CHANGES
	2 SYNOPSIS
	2.1 Schedule of Events
	Table 2.1: Schedule of Events, All Subjects


	3 TABLE OF CONTENTS
	List of Tables
	List of Figures

	4 LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS
	5 ETHICS
	5.1 Institutional Review Board or Ethics Committee
	5.2 Ethical Conduct of Study
	5.3 Subject Information and Informed Consent

	6 INVESTIGATORS AND STUDY ADMINISTRATIVE STRUCTURE
	7 INTRODUCTION
	7.1 Nonclinical Studies 
	7.2 Previous Clinical Studies 
	7.3 Study Rationale
	7.4 Summary of Overall Risks and Benefits
	7.4.1 Summary of Risks
	7.4.2 Summary of Benefits


	8 STUDY OBJECTIVES
	9 INVESTIGATIONAL PLAN
	9.1 Overall Study Design and Plan
	Figure 9.1.1: Study Schematic
	Table 9.1.1: Neurocognitive Assessments

	9.2 Discussion of Study Design, Including Choice of Control Group
	9.3 Selection of Study Population
	9.3.1 Inclusion Criteria
	9.3.2 Exclusion Criteria
	9.3.3 Removal of Subjects from Treatment or Assessment
	9.3.4 Subject Identification and Replacement of Subjects

	9.4 Treatments
	9.4.1 Treatments Administered
	9.4.2 Identity of Investigational Product (IP)
	9.4.2.1 Product Characteristics and Labeling

	9.4.3 Storage
	9.4.4 Directions for Administration
	Table 9.4.4.1: Kuvan Dosing Table for Young Children

	9.4.5 Method of Assigning Subjects to Treatment Groups
	9.4.6 Selection of Doses Used in the Study
	9.4.6.1 Selection of Timing of Dose for Each Subject

	9.4.7 Blinding
	9.4.8 Prior and Concomitant Medications
	9.4.9 Treatment Compliance

	9.5 Investigational Product Accountability
	9.5.1 Return and Disposition of Clinical Supplies

	9.6 Dietary or Other Protocol Restrictions
	9.7 Efficacy and Safety Variables
	9.7.1 Efficacy and Safety Measurements Assessed
	Table 9.7.1.1: Summary of Laboratory Assessments
	9.7.1.1 Demographic Data and Medical History
	9.7.1.2 Physical Examination Findings
	9.7.1.3 Vital Sign Measurements
	9.7.1.4 Blood Phe Concentration
	9.7.1.5 Pregnancy Testing

	9.7.2 Primary Efficacy Variable
	9.7.3 Secondary Efficacy Variables
	9.7.4 Safety Variables
	9.7.4.1 Clinical Laboratory Assessments
	Table 9.7.4.1.1: Clinical Laboratory Tests

	9.7.4.2 Electrocardiograms

	9.7.5 Substudy 1: 6 month Safety and Efficacy Study
	9.7.6 Population Pharmacokinetic Variables


	10 REPORTING ADVERSE EVENTS
	10.1 Adverse Events
	10.2 Serious Adverse Events
	10.3 Pregnancy 
	10.4 BioMarin Pharmacovigilance Contact Information

	11 APPROPRIATENESS OF MEASUREMENTS
	11.1 Neurocognitive Assessments

	12 STUDY PROCEDURES
	12.1 Neurocognitive Study
	12.1.1 Prestudy
	12.1.2 Screening Visit(s)
	12.1.3 Part 1: Evaluation of Kuvan Responsiveness, 4-Week Treatment Visit(s)
	12.1.3.1 Week 0 Visit
	12.1.3.2 Week 1 Through Week 4 Visits (± 2 days)
	12.1.3.3 Weeks 1, 3, and 4 Visits Only (± 2 days)
	12.1.3.4 Week 4 Visit Only (± 2 days)

	12.1.4 Part 2: Neurocognitive Study in Kuvan Responsive Subjects 
	12.1.4.1 Months 2-5 Only (± 5 days)
	12.1.4.2 Month 2 Visit Only (± 5 days) 
	12.1.4.3 Month 3 additional to Months 2-5
	12.1.4.4  Month 6 Visit Only (± 5days)
	12.1.4.5  Months 12, 18, 24, 30, etc. (6 month intervals ± 2 weeks)
	12.1.4.6  Months 12, 24, 36, 48, 60,72 and 84 (annual intervals ± 2 weeks)   
	12.1.4.7   3-Month Interim Phone Contact (Months 9, 15, 21, 27, etc, (± 1 week) 

	12.1.5 Early Termination and Follow up Visit(s) (within 28 ± 3 days of last dose of study drug)

	12.2 Substudy 1: 6-Month Safety and Efficacy Study
	12.2.1 Screening and Weeks 0-4
	12.2.2 Months 2 6 (± 5 Days)
	12.2.3 Months 3 and 6 Only (± 5 days)
	12.2.4 Month 6 Visit Only (± 5 days)

	12.3 Substudy 2: Population Pharmacokinetic Study in Subjects 0-6 Years Old
	Table 12.3.1: Sampling Windows for Population PK Study


	13 DATA QUALITY ASSURANCE
	14 STATISTICAL METHODS AND DETERMINATION OF SAMPLE SIZE
	14.1 Effect of Kuvan on Neurocognitive Function
	14.1.1 Statistical and Analytical Plans
	14.1.2 Primary Efficacy Analysis
	14.1.3 Secondary Efficacy Analysis
	14.1.4 Safety Analysis
	14.1.5 Determination of Sample Size

	14.2 Substudy 1: Safety and Efficacy Analyses 
	14.3 Substudy 2: Pharmacokinetic Analyses
	14.4 Changes in the Conduct of the Study or Planned Analyses

	15 DATA MONITORING COMMITTEE (DMC)
	16 COMPENSATION, INSURANCE AND INDEMNITY
	17 CASE REPORT FORMS AND SOURCE DOCUMENTS
	18 STUDY MONITORING AND AUDITING
	19 RETENTION OF RECORDS
	20 USE OF INFORMATION AND PUBLICATION
	21 REFERENCES
	22 INVESTIGATOR RESPONSIBILITIES
	22.1 Conduct of Study and Protection of Human Subjects 

	23 SIGNATURE PAGE




