F—27T42hTEI 2mg

A—27T142hTHEI Sng

A—27T14>hTEIL 10mg
ICRET &M

REMICERESNEFERICRIENRVRNBOERFITRATS
ARERAEHICHEEISLOTHY, SXIFHREZEEFERALL
NOEFBMICHHAT A LIETEFEEA,

T AT AREKRARM
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15 ERXFIRERROZBRUEROZRE
1.5.1 [FL®IC
1.5.1.1 EfEEMeEFo s miE | ®IZDOWLT

BiatEm T a v e 14 (hereditary tyrosinemia type 1 : HT-1) 1%, FEIZ/NEEIL VD RIET S
HERBEMERETHY, HEOHTHRERE, MIKEEES, W2 f O FRmIR & O R AE
EELZ 2T 52 &, MR (HCC) OFRIEY A7 235 2 & 03 41TV 5 [Halvorsen,
1990, Kvittingen, 1991, Mitchell, et al., 1995, van Spronsen, et al., 1994, Weinberg, et al., 1976], HT-1 &
FRNX, Fa s o R ORI D 7~ U A7 ' Mg e R e 7 —1E (fumarylacetoacetate
hydrolase : FAH) 4 KM% (23 5 [Lindblad, et al., 1977], HT-1 Ti%, FAH DIEMENME T4 5 2
LT XD, IR ORI I T, Fr ok o FAH K0 EioP A ThH 57~
VT MEEEE (fumarylacetoacetate : FAA) O~ LA /L7 & MEEEZ (maleylacetoacetate : MAA)
DA S THEMETICEEIN, ZNOBGRICEELZ 6T EEILNTND, 72 FAA KT
MAA O—xH 27 =/ 7% b (succinylacetone : SA) MO 7 =L 7 & Nl

(succinylacetoacetate : SAA) [CEMLINDN, ZiD SA LONSAA & HT-1 (251 D HEAkREE O
JREME CTHDEEZ BN TS, HIZ, SA KDSAA L, ~AEMREIZIBNTAL T+
)= AR ENET LK, ArTxe) )= U ARBREORE THDH 5T )
V7 UBOEREERL, RV T 4 U SERROMBIEREZBI SR T B2 TS
[Mitchell, et al., 1995],

BRIN S OEKIZ 31T D HT-1 OFIERILHIZE 100,000 A7V K1 N TH D0, IFZ D75~y
7N 7 E— RO R TIZIEIER 32 0 15 <,20,000 N4 720 K1 A TH D [Mitchell, et al., 1995],
—7F, BRTIEZNE TICAAEZ AWz 4 6] (N1 FNXHT-1 & R 55RE) OIEFIHRE R & 5D
HTHIERIIAHTH D, 2k, BIoBNTHRARSERIZTH D,

B OSETEIIMARZAE Y, KRBV OFTEE ITEROFIEFRIZ L > TR D
[Halvorsen, 1990, van Spronsen, et al., 1994], &2 < AL 52N TlE, A%EENGE AT
AR RO, FEARE, W, TH, RORARLLN, AL TFORHAEEICALND,
TR EATDR D> o6, WHE X 2~8 I HUNIZIHFAR 2D T2 HIZF LT % [Goldsmith and Laberge,
1989], #AMERITIE, SMANZ &R RRE TR S T EEE IRV, FRROEREZ R T,
Z ORI ORI, 1B METHEITRE R OCRMERREIEE (7 7 v a=—ERE) THY,
KU VEEMAESC < DI &FE 9 [Kvittingen, 1991], F72, £ 40%D BEIZTB WO TR A% D H
DRV T 4 U AERFE, & DT HCC 2538 Hi1d [Kvittingen, 1991], U6 I1EWT v d
1% 10 FLANDOFE L O EZEKTH S [van Spronsen, et al., 1994], 1M TEEOEITHIEL, i
HEAE R RIE, < 2L RMIESE CTdH 2 [Halvorsen, 1990],

T AT T AR 2
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E, BIEAARTHRIN TS HT-1 BEIZ1FIOARTHY, YZBEEIL, WERTEEETH
% Swedish Orphan Biovitrum - (SOBI 1) X v I - (%~ |, - B
e % T [ EMAR OB Z kg LT\ % [HHEL., 2005],

1.5.1.2 EEMeFod omiE | 20AEEMER

=F T UNEASINDHETO HT-1 OIRFEEIKIT, T v v KT = =7 T = O/ EH|RIE
NN EIFTAF A Cd - 7= [Mitchell, et al., 1995], LU, BEFEIEOALTIIHEEOHEITEE S Z &
IXTET, AFERIIBEERBICEL > TR > TV, bbb, AR HT1 BT, A% 20 A
A CRER S FEBL L B FIRIEDO L TIHER L7256 D 2 F RO 4 FAFRIT, L HIT29%I2T &
Mo To, Ek 2~6 11 A TIERDREL L, BHEFILEO R TIRE LIZ BE CORERBIESR OAEFEIT,
2 H4% T 74%, 44FE% T 60% ToH 7= [van Spronsen, et al., 1994], 7235, T_XTOTF — X [ THMAY
T2 ToHY, HilnE BRI AT 72X I M S AU TUV7R0,

=F T UNEANSNAENE, HT-1 BFITxT 5 BFRIEOHE—ORBERIEIIIFEH CH -
7o BB ST DA 07RRIEL LT, £/ HCC OFHO=HI, RHIFBMEAHELE Sz
[van Spronsen, et al., 1989] . R D | AR, | 5 OFRER TR Eh N 7255138 75%
THY, 2MORS TREMTONZSAIER 80% Th - 72, Bl 9 ER BT 2 24EFRITN
70% T 50, B L COEFRITN 60% TH - 7= [Seaberg, et al., 1997],

JFREAREIC BT 5 =& s LT, IR OBRFR LK OSEL, R isliEoBEn Gk, +
MOLEA MR, RONEAET D FP—IHEEAFT L5 L0 LI nH 5, FiC, HEFHE
REME A2 AT 5/ AMER HT-1 B OB, FICH LB 65,

BHERIEIZL > TRE LT- HT-1 ORI, BERRL OB RO EIZB W T RICRE
Tholz, HBMEEOERE, [BIE, FC, KOEERAIHENA LN DR EIFITIELOEN
BT,

152 EEXIZERRORE
1521 =ZF2/>00O7A74—)L

1992 #£1Z Sahlgrenska University Hospital (Gothenburg, Sweden) ¢ Lindstedt &2 L Y 35 7=
=F ) AT K DIEE RN 72 HT-1 835 5 Bl OF5ESR [Lindstedt, et al., 1992]1%, HT-1 (2%}
THRREE LTIHEFICHER LD ThHoTe, =F ¥/ ORMWEEEFET 572, Sahlgrenska
University Hospital O F— AN E 2 H 0O 7- 7 10— Lk (NTBC ilbr) 23BittSh, =T
AT Ry var— ha—Z (NEMER) & LT, Zi512)5 U Sahlgrenska University Hospital
N O FR O~ Rt S, ERD TR E(TLERNIL, Sahlgrenska University Hospital D58
F—LNT A LT IRBRERRHEEINE > T, MAEHO MR, JREE, Bl TRk
b I N OV R 1 i &2 B2 Sahlgrenska University Hospital (2266 L7z, 1994 % HIN G, =F

T AT T AR 3
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v/ OfEMEE, Sahlgrenska University Hospital 7> % Swedish Orphan AB (i Swedish Orphan
Biovitrum; SOBI £f, Stockholm, Sweden) ~& 17T L 7=,

HT-1 BEZERTHed00=F v/ voar Xy yarx—ha—RlX-T, PHRTTR,
TROL IO OBFICE T HEM TR K OREREBOBIN 2SE N MR I h, A TIE, =
T/ E HT-1 OF—8IGEHEILE TH Y [de Laet, et al., 2013, McKiernan, 2013] , 1 > KON
7= AT 7= HIREIZ D BEFERIE S P SN D,

AFRIZFBNTIE, 2006 £F 4 H D% 8 [MIAAGRHME A BBEMEI SN T, Fa) b ORE#
ERHY, V—F T N—TTREI SN, V=X T RERE RS E TR, TRCKT
DERKRT — & 2 Ff > TRKRBHFE 720, ARRITRINC O 2 MENE% A7 & Crlagse
RO ENEREZNET D ENRLEELNWEEZ D, | b, TOREZSIT, Swedish
Orphan AB #1:(Z & % EINBRFE D R S 407243, 2008 4= 6 A O 17 [BIA AR EL S R G21C
T, BABMIENHE SN, 0%, =F T/ %, 201042 AOF 1 [EIER EOLEEO RN
ARTKGRIE » ISR FT SIS CTHERGT S, 2010 45 HIZEALEE O [F 1 RIEE] %
CEOFE IR EF 21T oL EFRLO U X MBS, EHOBURE U TRRBEFEDNIA < 5
N, 7 AT 7 AR &428, Swedish Orphan Biovitrum (SOBI) # &5 b, [EPN&
W EITY 2 & L,

1522 FHIDEKRRAENITONHENESR

=TV, TRUVOROBE_BEHETHOMR 4L FrX v T == L EVE VIRV ATV
47—+t (HPPD) OEEKTHD, =F v/ %, 7~ U7 MEEE ka7 —+F (FAH) &
PEOBISH RABITE RS 28 m T v & E TR (HT-1) B T, ¥~ LA L7 & FEEER (MAA)
BO7~ YT & MEE (FAA) OFRAZDIET 5. MAA KU FAA IR HRTRRBH THY,
SRS OBHA, HT-UBFIZFH 15 HCCORBUTT L T0 5 FIHEMEASRIZ S CH Y. [Endo,
etal, 1997], —&fE, 2 =L T7x& v (SA) W7 =L T MEEEE (SAA) (C2(LT 5,
SA KON SAA I~ LAKRIKICB W THRL 7 + Y ) —4 ' (PBG) ARkEERZIEL, O
LT, PBG AMBERORE THS 5-7 I/ L7 U VB (5-ALA) OXBFHBER SN, HL7
U EROMIIER S X SND EEZ SN TS, Tabb, HT1 BFICBLTHE, T

> G RARIE D B A BB\ 80 % FAH OTEMER TSR U TRUSHED WG T o 5 FAA,
MAA, SA KO SAA DPEA « FHRNHK S WTIEREE L OB IR S S OWEEL 245, =F 3/

VAT RO LY LROBER TH S HPPD OILERETH Y, Zh oA %2 hERGE
DOFEE « EREAMEIT A2 212X, HT-1 BEOREAWFHET 5 2 E NSNS,

T AT T ABK 4
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1.5-1 —F</ DIEREFEOBEE
[Focommen|

P FOLY

l%‘n&‘/TE/ rSU R T5—E (TAT)

4-ERFOFIITLEILE VB
lzt-tF‘D#971:;1«5»5‘*/@3971'#9'7“1-—4@(HPPD) am -7 /U2 KBRE
RESVF OB

lnﬁ%’r“y%ﬁyﬁﬁi?‘/@“—t“ (HGO) :
| 5-7I/LTYUBE

| LA T B (MAA)

| YU LT (SA)

g l?l/f)lx'?thﬁ’ﬁﬁ*&ffv%%—t" + | RILTAEY /=7 EHEER
BHL =)L T M EEBE (SAA) |

| I ILT EEEEE (FAA) 5

| L RLTAEY /=Y

, *77'J)b7tl~E’EE§tPD3—J@(FAH) e EEEEFOOUMmE 1R

; (HT-1) TIERE

OB + 7bERE

T AT T AR 5
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1.5.3.1 FEERIRHAERDIFHE

1.5.3.1.1 mEICET HHE

=Fv 7 vEEoBK R ORE S [ E L0, wEeeaorEs s L it e E
fi L7z,

=F v ) VIFEOREVERBRICOW T, ICH A4 R7 A4 NS &, BIRGERER, MER
sk oA e LObeEtRng 8 Lo Bs L. =7y CRERITE R
BROKER, SEMZETHT,

=F 3 HE RAD) s e gle LR sh, [JE S ARG R ORE TR O
BET 2 e Uiz, ABIOREECOWTIE, ICH HA RT4 ik &, RMIGRGFRER, s
s oA GRE, St z [[JE7 0B s AR ORI K OIER
BROFERITISE, 2°C~8°C IZ T 2HEDH MM ZRE LT,

1.5.3.1.2 EIFER

wgogrigtzm o a0, [0S IECHIC, invito iIcB1 B A
? 7 Ml HPPD iGHEIC 3 2 EEM, WNC~ T AR OT v MIBT D ARERGHO
g HPPD FHEVEA 2 #5t L=, & OfE R, ARIEIX T » NMIFh& HPPD (2% L T in vitro 2 OV in vivo
DNTIUZB W T HEFEEMRZ 7R L, ~ 7 ZJHE HPPD 12X LT invivo IZHB W CLEEM 2=
L7z, 72, 1995 4F, 2002 4E K% TN 2003 452 HT-1 DETVEM &% 2 55 FAH KiE~ 7 A2
KT DARIEOENAE S, AEOEEIZ XY FAH KT XK~ 7 AOHSCIEN EGEE S H, i
DOFERE~ — A — N EL, 2>, M SA LUV ME T 95 Z L AmE Sz, ®iZ, 1997
HE K TN 2000 4512 FAH & ARZEOIEREESE T d D HPPD % [FAIFEIZ K E X H7= FAH-HPPD —H /K~
U ADRBINTE] L TAFRK S, FAH-HPPD —H /R~ 7 X Tld, £ Ol O IgIZ 3 THT-1
R L 7B A R 2 E K EFWICHET S Z EAME S,

-E CRAVEEBRBR & LT, PR, DM R R ORISR, A ONTRRY AR I
AES %@%ﬁﬁbto%wﬁ% HURARRE R, L R B ORI R, I NS ARAY B AR
AEI X HHBTRO N> T,

uL@F%$D AFEHM HPPD Z#HET 2 Z 212 LY, FAA EORISHED @ A O

A BERAIHILC, HT-1 BE OIRBEZUGE L 5 DRt R STz, £, REDOL LMK
PERIREMG L 0, AR OBKREEAICINT, HRRRSR, (DI R R ORERR, I ONT AR B
R ORIWER DS FELT 5 a[REMEITIR VW & B 2 BTz,

1.5.3.1.3 IR, 7, K, BEMOFER

FaEogmBEr o rictseoe, [JEes IEoMc, BostE
BEREALT, T v MOBU 2 inviveo (RHIERER, ~ 7 AR v MBI MR, LT

T AT T AR 7
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W27y MZBTFAZNAFT XA Z )T ¢ (MAEFIRENE) HRBRA Ehi Lz, EORR, AR3K
X7 v MZBWTRABRGEZICBIFCRIN I, #1474 T8 )7 ¢ id@mfEa s LT,
Y UAKDT v EOWTIUZBWT S, WIS 72 389 a3 13, - 2R TR IR >
ORI L2, BB CTh 2 AR S 5 VIO IR~ DO IZ AL T, T v
MBI DM~ OBITE L& -7, zo%, I - - 5
JFARETr 77 A NCF R m L P50 (CYP) &40 L7738 AAER O rTBEME 2 fdtd 2 B
T, b FHEROFEZ N in vitro R A1 BIN5E 06 U 72, ARIEIL in vitro 1238V T CYP3A4 12 K-
Ty 7o UF VROKBIVEAREW 2 LT 5 2 LRI N, 7 MIAREEZERE
BORFIZBWNTY, 7 andt o U4V BO 40 UE 5 M OKBRBIR L& 2 5 b O
PEURFRO SN TWD 2 ENnD, Ty et FoRE7 e 7 7 A WTEMEEIL TS EE X
shrz, Eio, e R EoMic, ~ v, Ty FEROE MBS invito ILIEE F#E
AR A i Uiz, MR AR EIITFEENRO b, FEFHERFEITE MIBW TR BIKMET
bolo, iz, B MUET AT IR MEFEERAEATH D AREMENRIR SN,

15.3.1.4 =B

B 5, AROIERRICIKIT B REMEL T 570, HEIE O#GEERR, KERN
S ONRAR B G-, S RmERER, AR AR, KOZofomiERER (IREEICH
THREE) 2EE L7z, IND0mERBRT 07T A0% <L, REEFREAIE LTHE LT
WY IR ORI - TRIBEI SN2 D TH D, M), vV A, Ty, A XKOTHTH
JNZET D 13 HFLL Lo E G- EMERER (T-13005, T-12984, T-13004, T-13587) (%, GLP %
WM LR LTSz, L L, AREORREHE L TORRRBHIDSRE S 7R A
T, ZNHORBRb FIE S, EEREEIIFERINRroTc, T b ORBROBREIT, BIEE
IZEoTRHGLAR—F (IOM) & LTEEDLN TV, 2Dk, AELEIHEKS L LTHBET S
WZH720, BRMIZEIT DHFEE L, RESILTWEAET —Z KOV IOM IZEED W TRBR A 2 0045
FNZEHE L, Fi-lcmbEEL2ER Lz, ZONEIL, BEZFHMET 5 ECEERAZMEEL TE
D, BHERINC LR Y RER TH DD, HT-1 I L L COREDZLMEFHMIICE T 5 Z &3 A]
HEThD W&z, BEOFERENGEIZIIRTHY, 7v MRS XITB W TARIER
B BTz, IROZIE, KERIC L > THEINMFEFTF eV BED ERICEAZLTHY,
R CIIZOREZE=F—FT5Z L THIF2 b0 EEZ LN, 2 b ORBRIZZ OO
R A ERE, BARBROBMBAICTE T LTW5,

B 50, ROk TOFERFHEOFEE LR T, %o OBERBINEMER Sz, BIGENE
S OV AERMEICB L CIE, BRRICBIT 2ZeMERE b > T OB M2 #5Ed 5 2 &1
HETERWE B ENT=Z L2 b, EEGHORENMEICET 5 IFMRRER D M D FLHE (GLP)
ZWSFL, HkEU ERGEAHFAMERSE (ICH) A K7 A ISR L 7-RBRN BN S,
Flo, vV RITET D 4BEMRAOFRGRBEEZARIEONAFENEY X7 253 5 720 O Ttk &
LCEMNE L7 (BlfE, ARBRITEE S TR0,

T AT T AR 8
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1.5.3.2 BRIREABRDIEE

ARHFEIZIT D KRB EE RN, 16100 B ARNGER] A 5 Te NTBC SRR O FEHTHE R D DA D
LEMMATIZIL, =F 3 vy OR5 22T X TOBE LA ANDT2DIZ, NTBC RBRIZIX
SIMUIhotzRlar Ry vapr—ha—RAL LT=F v/ o522 -RELEENTY
Do =F v ORRRFEIER & LTI, REEMABRE 10 fl2 X5 e LR e 0 7 2Lk
VBB O A TH LD, WTNORB LI CEmINTZARTHY, T XTOERNIZE
BRI CTH D,

®1.5-1 KBFICHITHRRART —2/ v 75—

¥R R4 S N RRE 5

e v et TRRE RS COWRIK | WA O 72 A (WA o3

BUMRB oy voiaksn | e 53121
NTBC &5k Fur L UHRIRREREE=F D

%5 /I ARRRER (BGWIME 199142 H | PEHIRIEO A MEL OVLZRMEIZE T 5 5.3.5.2-1
~1997 % 8 H) = HEAT
NTBC &5k BeHAEIZ BT 2 e i O HESE R TE AN 5 1

55 11 FHFRER (BeHHM : 199347 H | Shiztko=F ) 5O HFNEK 5.3.5.2-2
~2000 43 H) V2 RVEIZ B3 2 MRl AT

1533 BEBRAERETOBRRE A TEILFOLLEHAE [CCT/96/001]

7 0 AF—N—RRT YA T 10 Bl O N BB CEAEE 29.3 5%, 19~395%) I
1L.O0mgkg D=F 3/ U EZHERROEE L, WEUID 728 (FIERA) 285 L& o3k
WEhRez i L7z (CCT/96/001), il FiRE (Cpu) (I THEE (P=0.023) Z 7R L7273,
(MR EE-REE AR N EAE (AUC) RONEZERI () ISR o To, WO
e ILHEE R FE B TR (te) 1 6 B CIPIDERMIES CTH 5 0.25 BERIARTG & 7 72 L0 HiESP
N Thotz (F1.5-2),

®15-2 BEFAEREIC=F L/ VERSROENHE/ S A —4

AUC (“’gh/mL) Cmax (Hg/mL) tmax* (h) tl/Z (h)
h 7 599+153 7.7+1.0 2.8 (1.7~11.1) 54.5+13.0
H iR 598+142 7.8+1.4 <0.25 (<0.25~1.95) 53.6+8.2

PEfE RS, ¢+ PoORiE (REEH)
AUC : e Re eI TR, Coax 0 S MEETREEL, 0 THRHAB, o o o rii AT PP 0 8 AR ]

1.5.3.4 NTBC

#XB% [NTBC Study 1999 010 01 & U NTBC Study 2001 010 095]

=F ) v ORRKREF 7 1 7 Z X, Sahlgrenska University Hospital (Gothenburg, Sweden) D7
BRIBIEIEAN 2 4 S FRBEE A O, Ay va F— ba— AP & B2 25 70 [E 87 EEREB DB

T AT T AR
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HIRBREAEIERD 96 4012 & 0 FEfi S vlz, ZEEE, Shiax, JEEMH, I, 2y rax—Fh
2— 2B T 5 NTBC i 1 sRER Ok S D, 7eds, ARRBRICITAARNGERF 1 FI3 AN
oz, Uiz HARMNEFNTLRFOAIRIZIB T H2ME—D AARNIEF TH VY, 2013 FHAEIZIBNT
HME—DIERITH 5,

NTBC #RERIE, 1991 4-2 A 23 H225 1997 4 8 H 21 HOMIZHIN L7z 207 BHlO#ERE 2B 5
FERRATOIED, T X CTORBIYEMICEGHES LTI HH720 1 mgkeg DHESEINIHZD
1993 4F 7 H 1 25 2000 4= 3 A 28 HOMITESAN L7z 250 Bl OHEERTE 2 x5S, FEAHTIMFAT A3 5=
i SNz, ZNLEARBROMERELE15-31CFLDD,

A TIIATR O L 5 ICBRE L BmO TROEND Z Lo, AFHIME OREKRER 2 £ L T2
VN, ZD7=%, Sweden Orphan AB - (¥l Sweden Orphan Biovitrum 1) 7% EU ~® HIFEIZES L2 H
L 7= Marketing Authorization Application &£t (MAA &£l) LV NTBC REROME (/31 2 v M
B OV 2 DO iR EE) LU FICE & T,

#£15-3 2EIMHRBROBERN—E

=BT FRAH I FRAT

WTE RS & 5.3.5.2-1 5.3.5.2-2

Fu v UoRIRERERFEE =T ) OO B 5 IEICBE T A R EROHESI H &SRR &
fEHT H 1Y FRIEOFIER NEE2MEICET 2 T8 Ntk =F v ) U F5OFMEICBET

fiEdT (55 /I #H) S AR EOMEAT (565 111 43)
QERK D4 FELFER 2, 4 R 6FEHDAEGFE .
TRTOEEE : 96% K% F93% TRTCOBERE . TN 94%

FEIERE A 6 71 H AR © 94% M 1N 94%  |FRIERF A 6 7 H AR - W 93%
FEIERF AR 2 7 H AT : 88% M (1N 88%  |FIERF Al 2 HAN - Wb 93%
FFREAEFERGT T : 84% MUY 78%

ST
(BRFHEIEDOHDSLHERT — 4 [van
Spronsen, et al., 1994])
SEIER: H s 2 1 A LA E 6 1 A oK« 74%
KO 60%
FEAERF H i 2 71 A KT 29% % O 29%
27 15l 2, 4 KU 6 1% DIEFEERER
(A4 7 6, HCC %&\W 13 6, Fepény (BRI 2 7 W E T R OV AE
iREZi A 7 41) 84%, 79%, 75%
HFARRIZ &L AT RO
94%, 94%, 92%
HCC #BLF . 2, 4 K6 FEHDIEFEERER
BHHRIZ 2 EE oo 285 - 6% (BB AN 24 W ALITE ¢
WTILH 99%
HCC QDL bu AT T 0 THAERR) (P 5 RMA A8 24 7 A
BHEIEDOH D 25 EOREE  37% (92%, 82%, 75%
KON 18%
[van Spronsen, et al., 1994, Weinberg, et al.,
1976]

T AT T AR 10
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1 51 2 il
HFREOHO N5 N1 BHT 2, 4 RO 6 HEH OIFAEER ;

IE 40%% #8 % % [Mitchell, et al., 1990])  |100%, 99%, 95%

U-SA : IZIET < COME TS il F T|U-SA : 0% M0 B# THE. 1l A TBEI
MERPEN, ORI 03 7 [ HMERHN, B4 10 A %I Rl
P-SA : 2 0 B H CHPEEA SHERGDHI, P-SA : #2514 A CHYERERMN & 72 o
EFALOHRAEIL 3.9 T A FRE o, 125 65 A H T
FRMER PBG A RRIEEE © #0 75%D HBE T # 90% D B, #h5 1 EBRKRTHICITIE
#5177 A B CREMERAN, EFE{OF IFTXTOEETER

JLfEIX 0.3 4 A JRIER PBG A MEEE - 90%HE 0 B C
U-S-ALA © 13ET R CTOBETHRG |l 5 1 0 A B CHREGRPN, #5201
HCHEERIEA, ERLOHRET 02 [T L BlER S TORE TERL

Sk
AT 4V hE

71 H U-5-ALA : 80% B0 BRETHE1HA T
FERMAE  |MyET AFP : =F 3 U ERICHEEIC ERERGEN, &5 10 A%IT 1 H1Z2RR

KT KT RTOBHETIEFIL

AST, y-GTP, BV BV =F ¥ 7 U E|MIEH AFP : IEF(L L7 EBEOEE X

GRS ERL AN 2 RIS =F v UEHBREN S 2 FEMICHhTE Y

TI/BE P q-27u7u7 ) DR IRZICHN, &5 1 %213 50%% 8 2

TR B RT HE) LRECTIERL, #E52HFEBKTRICX

/L - =F 2 7 U EGBRGE LI/ (K 90% D B3 TIERL
OB FETERR S N & CHE N
MmiEhFa s L RERPT = ) — VERIR
HHEIE : =F 3 VERERICHENEE
W HEN

HCC : JIFfiass, HT-1 : &aEmT e o e 15

AFP: a-7 = "7 A4, AST: TANRTIXUEET I ) 7 A7 2T —8, y-GTP: Ho~—2 /L& I )Lk
FUARTFHE—F, PBG: R T xEY =4, PSA: TS =0T % b, U-5-ALA : R 5-7 2
J VT U VR, USA: R 7 =T b

1.5.4 BHNIZHEITHEHFEIRR

#1[E ClL Swedish Orphan Biovitrum (SOBI) #LIZ CTHEGEHEEN 72 S 4, AL 37 B EICTHERR%Z
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1. NAME OF THE MEDICINAL PRODUCT

Orfadin 2 mg hard capsules

2. QUALITATIVE AND QUANTITATIVE COMPOSITION

Each capsule contains 2 mg nitisinone.
For a full list of excipients, see section 6.1.

3. PHARMACEUTICAL FORM

Hard capsule.
White, opaque capsules imprinted “NTBC 2mg” in black on the body of the capsule.
The capsules contain a white to off white powder.

4. CLINICAL PARTICULARS
4.1 Therapeutic indications

Treatment of patients with confirmed diagnosis of hereditary tyrosinemia type 1 (HT-1) in
combination with dietary restriction of tyrosine and phenylalanine.

4.2 Posology and method of administration

Posology

Nitisinone treatment should be initiated and supervised by a physician experienced in the treatment of
HT-1 patients. Treatment of all genotypes of the disease should be initiated as early as possible to
increase overall survival and avoid complications such as liver failure, liver cancer and renal disease.
Adjunct to the nitisinone treatment, a diet deficient in phenylalanine and tyrosine is required and
should be followed by monitoring of plasma amino acids (see sections 4.4 and 4.8).

The dose of nitisinone should be adjusted individually.

The recommended initial dose in the paediatric and adult population is 1 mg/kg body weight/day
divided in 2 doses administered orally.

Dose adjustment

During regular monitoring, it is appropriate to follow urine succinylacetone, liver function test values
and alpha-fetoprotein levels (see section 4.4). If urine succinylacetone is still detectable one month
after the start of nitisinone treatment, the nitisinone dose should be increased to 1.5 mg/kg body
weight/day divided in 2 doses. A dose of 2 mg/kg body weight/day may be needed based on the
evaluation of all biochemical parameters. This dose should be considered as a maximal dose for all
patients.

If the biochemical response is satisfactory, the dose should be adjusted only according to body weight
gain.

However, in addition to the tests above, during the initiation of therapy or if there is a deterioration, it
may be necessary to follow more closely all available biochemical parameters (i.e. plasma
succinylacetone, urine 5-aminolevulinate (ALA) and erythrocyte porphobilinogen (PBG)-synthase
activity).

Special populations




There are no specific dose recommendations for elderly or patients that have renal or hepatic
impairment.

Paediatric population
The safety and effect of nitisinone have been studied in the paediatric population. The dose
recommendation in mg/kg body weight is the same in children and adults.

Method of administration

The capsule may be opened and the content suspended in a small amount of water or formula diet
immediately before intake.

4.3 Contraindications

Hypersensitivity to the active substance or to any of the excipients.
Mothers receiving nitisinone must not breast-feed (see sections 4.6 and 5.3).

4.4 Special warnings and precautions for use

Monitoring of plasma tyrosine levels

It is recommended that a slit-lamp examination of the eyes is performed before initiation of nitisinone
treatment. A patient displaying visual disorders during treatment with nitisinone should without delay
be examined by an ophthalmologist. It should be established that the patient is adhering to his dietary
regimen and the plasma tyrosine concentration should be measured. A more restricted tyrosine and
phenylalanine diet should be implemented in case the plasma tyrosine level is above 500 micromol/I.
It is not recommended to lower the plasma tyrosine concentration by reduction or discontinuation of
nitisinone, since the metabolic defect may result in deterioration of the patient’s clinical condition.

Liver monitoring

The liver function should be monitored regularly by liver function tests and liver imaging. It is
recommended also to monitor serum alpha-fetoprotein concentration. Increase in serum alpha-
fetoprotein concentration may be a sign of inadequate treatment. Patients with increasing alpha-
fetoprotein or signs of nodules in the liver should always be evaluated for hepatic malignancy.

Platelet and white blood cell (WBC) monitoring
It is recommended that platelet and white cell counts are monitored regularly, as a few cases of
reversible trombocytopenia and leucopenia were observed during clinical evaluation.

Monitoring visits should be performed every 6 months; shorter intervals between visits are
recommended in case of adverse events.

4.5 Interaction with other medicinal products and other forms of interaction
No formal interaction studies with other medicinal products have been conducted.

Nitisinone is metabolised in vitro by CYP 3A4 and dose-adjustment may therefore be needed when
nitisinone is co-administered with inhibitors or inducers of this enzyme.

Based on in vitro studies, nitisinone is not expected to inhibit CYP 1A2, 2C9, 2C19, 2D6, 2E1 or 3A4-
mediated metabolism.

No formal food interactions studies have been performed. However, nitisinone has been co-
administered with food during the generation of efficacy and safety data. Therefore, it is recommended
that if nitisinone treatment is initiated with food, this should be maintained on a routine basis.



4.6  Fertility, pregnancy and lactation

Pregnancy

There are no adequate data from the use of nitisinone in pregnant women. Studies in animals have
shown reproductive toxicity (see section 5.3). The potential risk for humans is unknown. Nitisinone
should not be used during pregnancy unless clearly necessary.

Lactation

It is not known whether nitisinone is excreted in human breast milk. Animal studies have shown
adverse postnatal effects via exposure of nitisinone in milk. Therefore, mothers receiving nitisinone
must not breast-feed, since a risk to the suckling child cannot be excluded (see sections 4.3 and 5.3).

4.7  Effects on ability to drive and use machines

No studies on the effects on the ability to drive and use machines have been performed.
If the patient experiences adverse reactions affecting the vision, the ability to drive and use machines
should be considered.

4.8 Undesirable effects

The adverse reactions considered at least possibly related to treatment are listed below, by body
system, organ class, and absolute frequency. Frequency is defined as very common (>1/10), common
(>1/100 to <1/10), uncommon (>1/1,000 to <1/100), rare (=1/10,000 to <1/1,000), very rare
(<1/10,000), not known (cannot be estimated from the available data). Within each frequency
grouping, adverse reactions are presented in order of decreasing seriousness.

Blood and lymphatic system disorders
Common: thrombocytopenia, leucopenia, granulocytopenia
Uncommon: leukocytosis

Eye disorders
Common: conjunctivitis, corneal opacity, keratitis, photophobia, eye pain
Uncommon: blepharitis

Skin and subcutaneous tissue disorders
Uncommon: exfoliative dermatitis, erythematous rash, pruritus

Nitisinone treatment is associated with elevated tyrosine levels. Elevated levels of tyrosine have been
associated with corneal opacities and hyperkeratotic lesions. Restriction of tyrosine and phenylalanine
in the diet should limit the toxicity associated with this type of tyrosinemia (see section 4.4).

49 Overdose

No case of overdose has been reported. Accidental ingestion of nitisinone by individuals eating normal
diets not restricted in tyrosine and phenylalanine will result in elevated tyrosine levels. Elevated
tyrosine levels have been associated with toxicity to eyes, skin, and the nervous system. Restriction of
tyrosine and phenylalanine in the diet should limit toxicity associated with this type of tyrosinemia. No
information about specific treatment of overdose is available.

5. PHARMACOLOGICAL PROPERTIES

5.1 Pharmacodynamic properties

Pharmacotherapeutic group: Other alimentary tract and metabolism products, Various alimentary tract
and metabolism products, ATC code: A16A X04.



The biochemical defect in hereditary tyrosinemia type 1 (HT-1) is a deficiency of fumarylacetoacetate
hydrolase, which is the final enzyme of the tyrosine catabolic pathway. Nitisinone is a competitive
inhibitor of 4-hydroxyphenylpyruvate dioxygenase, an enzyme which precedes fumarylacetoacetate
hydrolase in the tyrosine catabolic pathway. By inhibiting the normal catabolism of tyrosine in
patients with HT-1, nitisinone prevents the accumulation of the toxic intermediates maleylacetoacetate
and fumarylacetoacetate. In patients with HT-1, these intermediates are converted to the toxic
metabolites succinylacetone and succinylacetoacetate. Succinylacetone inhibits the porphyrin
synthesis pathway leading to the accumulation of 5-aminolevulinate.

Nitisinone treatment leads to normalised porphyrin metabolism with normal erythrocyte PBG-
synthase activity and urine 5-ALA, decreased urinary excretion of succinylacetone, increased plasma
tyrosine concentration and increased urinary excretion of phenolic acids. Available data from a clinical
study indicates that in more than 90% of the patients urine succinylacetone was normalized during the
first week of treatment. Succinylacetone should not be detectable in urine or plasma when the
nitisinone dose is properly adjusted.

Effects on overall survival

When compared to data for historical controls, it can be seen that treatment with nitisinone together
with dietary restriction results in a better survival probability in all HT-1 phenotypes. This is seen in
the following table:

Age at start of treatment | Survival probability
or diagnosis Nitisinone treatment Dietary control *
5 years 10 years 5 years 10 years
< 2 months 82 -- 28 --
> 2-6 months 95 95 51 34
> 6 months 92 86 93 59

* From Figure 1,Van Spronsen et al., 1994,

Treatment with nitisinone was also found to result in reduced risk for the development of
hepatocellular carcinoma (2.3 to 3.7-fold) compared to historical data on treatment with dietary
restriction alone. It was found that the early initiation of treatment resulted in a further reduced risk for
the development of hepatocellular carcinoma (13.5-fold when initiated prior to the age of 12 months).

5.2 Pharmacokinetic properties

Formal absorption, distribution, metabolism and elimination studies have not been performed with
nitisinone. In 10 healthy male volunteers, after administration of a single dose of nitisinone capsules
(1 mg/kg body weight) the terminal half-life (median) of nitisinone in plasma was 54 hours.
Population pharmacokinetic analysis has been conducted on a group of 207 HT-1 patients. The
clearance and half-life were determined to be 0.0956 I/kg body weight/day and 52.1 hours
respectively.

In vitro studies using human liver microsomes and cDNA-expressed P450 enzymes have shown
limited CYP 3A4-mediated metabolism.

5.3 Preclinical safety data

Nitisinone has shown embryo-foetal toxicity in the mouse and rabbit at clinically relevant dose levels.
In the rabbit, nitisinone induced a dose-related increase in malformations (umbilical hernia and
gastroschisis) from a dose level of 2.5-fold higher than the maximum recommended human dose

(2 mg/kg/day).



A pre and postnatal development study in the mouse showed statistically significant reduced pup
survival and pup growth during the weaning period at dose levels of 125- and 25-fold, respectively,
the maximum recommended human dose, with a trend effect on pup survival starting from the dose of
5 mg/kg/day. In rats, exposure via milk resulted in reduced mean pup weight and corneal lesions.

No mutagenic but a weak clastogenic activity was observed in in vitro studies. There was no evidence

of in vivo genotoxicity (mouse micronucleus assay and mouse liver unscheduled DNA synthesis
assay). Carcinogenicity studies have not been performed.

6. PHARMACEUTICAL PARTICULARS

6.1 List of excipients

Capsule content
pregelatinised starch (maize)

Capsule shell

gelatin

titanium dioxide (E 171)

Imprint

black iron oxide (E 172),

shellac,

propylene glycol

ammonium hydroxide

6.2 Incompatibilities

Not applicable.

6.3  Shelf life

18 months.

6.4  Special precautions for storage

Store in a refrigerator (2°C — 8°C).

During the shelf life the patient may store the finished product for a single period of 2 months at a
temperature not above 25°C, after which the product must be discarded.

6.5 Nature and contents of container

High density polyethylene bottle with a tamper proof low density polyethylene cap, containing 60
capsules.

6.6  Special precautions for disposal

No special requirements.

Any unused product or waste material should be disposed of in accordance with local requirements.
7. MARKETING AUTHORISATION HOLDER

Swedish Orphan Biovitrum International AB
SE-112 76 Stockholm



Sweden

8. MARKETING AUTHORISATION NUMBER(S)

EU/1/04/303/001

9. DATE OF FIRST AUTHORISATION/RENEWAL OF THE AUTHORISATION

Date of first authorisation: 21/02/2005

Date of latest renewal: 21/02/2010

10. DATE OF REVISION OF THE TEXT

Detailed information on this product is available on the website of the European Medicines Agency
http://www.ema.europa.eu/.



1. NAME OF THE MEDICINAL PRODUCT

Orfadin 5 mg hard capsules

2. QUALITATIVE AND QUANTITATIVE COMPOSITION

Each capsule contains 5 mg nitisinone.
For a full list of excipients, see section 6.1.

3. PHARMACEUTICAL FORM

Hard capsule.
White, opaque capsules imprinted “NTBC 5mg” in black on the body of the capsule.
The capsules contain a white to off white powder.

4. CLINICAL PARTICULARS
4.1  Therapeutic indications

Treatment of patients with confirmed diagnosis of hereditary tyrosinemia type 1 (HT-1) in
combination with dietary restriction of tyrosine and phenylalanine.

4.2 Posology and method of administration

Posology

Nitisinone treatment should be initiated and supervised by a physician experienced in the treatment of
HT-1 patients. Treatment of all genotypes of the disease should be initiated as early as possible to
increase overall survival and avoid complications such as liver failure, liver cancer and renal disease.
Adjunct to the nitisinone treatment, a diet deficient in phenylalanine and tyrosine is required and
should be followed by monitoring of plasma amino acids (see sections 4.4 and 4.8).

The dose of nitisinone should be adjusted individually.

The recommended initial dose in the paediatric and adult population is 1 mg/kg body weight/day
divided in 2 doses administered orally..

Dose adjustment

During regular monitoring, it is appropriate to follow urine succinylacetone, liver function test values
and alpha-fetoprotein levels (see section 4.4). If urine succinylacetone is still detectable one month
after the start of nitisinone treatment, the nitisinone dose should be increased to 1.5 mg/kg body
weight/day divided in 2 doses. A dose of 2 mg/kg body weight/day may be needed based on the
evaluation of all biochemical parameters. This dose should be considered as a maximal dose for all
patients.

If the biochemical response is satisfactory, the dose should be adjusted only according to body weight
gain.

However, in addition to the tests above, during the initiation of therapy or if there is a deterioration it
may be necessary to follow more closely all available biochemical parameters (i.e. plasma
succinylacetone, urine 5-aminolevulinate (ALA) and erythrocyte porphobilinogen (PBG)-synthase
activity).

Special populations
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There are no specific dose recommendations for elderly or patients that have renal or hepatic
impairment.

Paediatric population
The safety and effect of nitisinone have been studied in the paediatric population. The dose
recommendation in mg/kg body weight is the same in children and adults.

Method of administration

The capsule may be opened and the content suspended in a small amount of water or formula diet
immediately before intake.

4.3 Contraindications

Hypersensitivity to the active substance or to any of the excipients.

Mothers receiving nitisinone must not breast-feed (see sections 4.6 and 5.3).
4.4 Special warnings and precautions for use

Monitoring of plasma tyrosine levels

It is recommended that a slit-lamp examination of the eyes is performed before initiation of nitisinone
treatment. A patient displaying visual disorders during treatment with nitisinone should without delay
be examined by an ophthalmologist. It should be established that the patient is adhering to his dietary
regimen and the plasma tyrosine concentration should be measured. A more restricted tyrosine and
phenylalanine diet should be implemented in case the plasma tyrosine level is above 500 micromol/Il.
It is not recommended to lower the plasma tyrosine concentration by reduction or discontinuation of
nitisinone, since the metabolic defect may result in deterioration of the patient’s clinical condition.

Liver monitoring

The liver function should be monitored regularly by liver function tests and liver imaging. It is
recommended also to monitor serum alpha-fetoprotein concentration. Increase in serum alpha-
fetoprotein concentration may be a sign of inadequate treatment. Patients with increasing alpha-
fetoprotein or signs of nodules in the liver should always be evaluated for hepatic malignancy.

Platelet and white blood cell (WBC) monitoring
It is recommended that platelet and white cell counts are monitored regularly, as a few cases of
reversible trombocytopenia and leucopenia were observed during clinical evaluation.

Monitoring visits should be performed every 6 months; shorter intervals between visits are
recommended in case of adverse events.

4.5 Interaction with other medicinal products and other forms of interaction
No formal interaction studies with other medicinal products have been conducted.

Nitisinone is metabolised in vitro by CYP 3A4 and dose-adjustment may therefore be needed when
nitisinone is co-administered with inhibitors or inducers of this enzyme.

Based on in vitro studies, nitisinone is not expected to inhibit CYP 1A2, 2C9, 2C19, 2D6, 2E1 or 3A4-
mediated metabolism.

No formal food interactions studies have been performed. However, nitisinone has been co-
administered with food during the generation of efficacy and safety data. Therefore, it is recommended
that if nitisinone treatment is initiated with food, this should be maintained on a routine basis.

o 1



4.6 Fertility, pregnancy and lactation

Pregnancy

There are no adequate data from the use of nitisinone in pregnant women. Studies in animals have
shown reproductive toxicity (see section 5.3). The potential risk for humans is unknown. Nitisinone
should not be used during pregnancy unless clearly necessary.

Lactation

It is not known whether nitisinone is excreted in human breast milk. Animal studies have shown
adverse postnatal effects via exposure of nitisinone in milk. Therefore, mothers receiving nitisinone
must not breast-feed, since a risk to the suckling child cannot be excluded (see sections 4.3 and 5.3).

4.7  Effects on ability to drive and use machines

No studies on the effects on the ability to drive and use machines have been performed.
If the patient experiences adverse reactions affecting the vision, the ability to drive and use machines
should be considered.

4.8 Undesirable effects

The adverse reactions considered at least possibly related to treatment are listed below, by body
system organ class, and absolute frequency. Frequency is defined as very common (>1/10), common
(=>1/100 to <1/10), uncommon (>1/1,000 to <1/100), rare (=1/10,000 to <1/1,000), very rare
(<1/10,000), not known (cannot be estimated from the available data). Within each frequency
grouping, adverse reactions are presented in order of decreasing seriousness.

Blood and lymphatic system disorders
Common: thrombocytopenia, leucopenia, granulocytopenia
Uncommon: leucocytosis

Eye disorders
Common: conjunctivitis, corneal opacity, keratitis, photophobia, eye pain
Uncommon: blepharitis

Skin and subcutaneous tissue disorders
Uncommon: exfoliative dermatitis, erythematous rash, pruritus

Nitisinone treatment is associated with elevated tyrosine levels. Elevated levels of tyrosine have been
associated with corneal opacities and hyperkeratotic lesions. Restriction of tyrosine and phenylalanine
in the diet should limit the toxicity associated with this type of tyrosinemia (see section 4.4).

4.9 Overdose

No case of overdose has been reported. Accidental ingestion of nitisinone by individuals eating normal
diets not restricted in tyrosine and phenylalanine will result in elevated tyrosine levels. Elevated
tyrosine levels have been associated with toxicity to eyes, skin, and the nervous system. Restriction of
tyrosine and phenylalanine in the diet should limit toxicity associated with this type of tyrosinemia. No
information about specific treatment of overdose is available.

5. PHARMACOLOGICAL PROPERTIES

5.1 Pharmacodynamic properties
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Pharmacotherapeutic group: Other alimentary tract and metabolism products, Various alimentary tract
and metabolism products, ATC code: A16A X04.

The biochemical defect in hereditary tyrosinemia type 1 (HT-1) is a deficiency of fumarylacetoacetate
hydrolase, which is the final enzyme of the tyrosine catabolic pathway. Nitisinone is a competitive
inhibitor of 4-hydroxyphenylpyruvate dioxygenase, an enzyme which precedes fumarylacetoacetate
hydrolase in the tyrosine catabolic pathway. By inhibiting the normal catabolism of tyrosine in
patients with HT-1, nitisinone prevents the accumulation of the toxic intermediates maleylacetoacetate
and fumarylacetoacetate. In patients with HT-1, these intermediates are converted to the toxic
metabolites succinylacetone and succinylacetoacetate. Succinylacetone inhibits the porphyrin
synthesis pathway leading to the accumulation of 5-aminolevulinate.

Nitisinone treatment leads to normalised porphyrin metabolism with normal erythrocyte PBG-
synthase activity and urine 5-ALA, decreased urinary excretion of succinylacetone, increased plasma
tyrosine concentration and increased urinary excretion of phenolic acids. Available data from a clinical
study indicates that in more than 90% of the patients urine succinylacetone was normalized during the
first week of treatment. Succinylacetone should not be detectable in urine or plasma when the
nitisinone dose is properly adjusted.

Effects on overall survival

When compared to data for historical controls, it can be seen that treatment with nitisinone together
with dietary restriction results in a better survival probability in all HT-1 phenotypes. This is seen in
the following table:

Age at start of treatment | Survival probability
or diagnosis Nitisinone treatment Dietary control *
5 years 10 years 5 years 10 years
< 2 months 82 - 28 -
> 2-6 months 95 95 51 34
> 6 months 92 86 93 59

*From Figure 1,VVan Spronsen et al., 1994.

Treatment with nitisinone was also found to result in reduced risk for the development of
hepatocellular carcinoma (2.3 to 3.7-fold) compared to historical data on treatment with dietary
restriction alone. It was found that the early initiation of treatment resulted in a further reduced risk for
the development of hepatocellular carcinoma (13.5-fold when initiated prior to the age of 12 months).

5.2 Pharmacokinetic properties

Formal absorption, distribution, metabolism and elimination studies have not been performed with
nitisinone. In 10 healthy male volunteers, after administration of a single dose of nitisinone capsules
(1 mg/kg body weight) the terminal half-life (median) of nitisinone in plasma was 54 hours.
Population pharmacokinetic analysis has been conducted on a group of 207 HT-1 patients. The
clearance and half-life were determined to be 0.0956 I/kg body weight/day and 52.1 hours
respectively.

In vitro studies using human liver microsomes and cDNA-expressed P450 enzymes have shown
limited CYP 3A4-mediated metabolism.

5.3 Preclinical safety data

Nitisinone has shown embryo-foetal toxicity in the mouse and rabbit at clinically relevant dose levels.
In the rabbit, nitisinone induced a dose-related increase in malformations (umbilical hernia and
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gastroschisis) from a dose level of 2.5-fold higher than the maximum recommended human dose

(2 mg/kg/day).

A pre and postnatal development study in the mouse showed statistically significant reduced pup
survival and pup growth during the weaning period at dose levels of 125- and 25-fold, respectively,
the maximum recommended human dose, with a trend effect on pup survival starting from the dose of
5 mg/kg/day. In rats, exposure via milk resulted in reduced mean pup weight and corneal lesions.

No mutagenic but a weak clastogenic activity was observed in in vitro studies. There was no evidence
of in vivo genotoxicity (mouse micronucleus assay and mouse liver unscheduled DNA synthesis
assay). Carcinogenicity studies have not been performed.

6. PHARMACEUTICAL PARTICULARS

6.1 List of excipients

Capsule content
pregelatinised starch (maize)

Capsule shell

gelatin

titanium dioxide (E 171)

Imprint

black iron oxide (E 172),

shellac,

propylene glycol

ammonium hydroxide.

6.2 Incompatibilities

Not applicable.

6.3  Shelf life

18 months.

6.4  Special precautions for storage

Store in a refrigerator (2°C — 8°C).

During the shelf life the patient may store the finished product for a single period of 2 months at a
temperature not above 25°C, after which the product must be discarded.

6.5 Nature and contents of container

High density polyethylene bottle with a tamper proof low density polyethylene cap, containing 60
capsules.

6.6  Special precautions for disposal
No special requirements.
Any unused product or waste material should be disposed of in accordance with local requirements.

7. MARKETING AUTHORISATION HOLDER
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Swedish Orphan Biovitrum International AB
SE-112 76 Stockholm
Sweden

8. MARKETING AUTHORISATION NUMBER(S)

EU/1/04/303/002

9. DATE OF FIRST AUTHORISATION/RENEWAL OF THE AUTHORISATION
Date of first authorisation: 21/02/2005

Date of latest renewal: 21/02/2010

10. DATE OF REVISION OF THE TEXT

Detailed information on this product is available on the website of the European Medicines Agency
http://www.ema.europa.eu/.
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1. NAME OF THE MEDICINAL PRODUCT

Orfadin 10 mg hard capsules

2. QUALITATIVE AND QUANTITATIVE COMPOSITION

Each capsule contains 10 mg nitisinone.
For a full list of excipients, see section 6.1.

3. PHARMACEUTICAL FORM

Hard capsule.
White, opaque capsules imprinted “NTBC 10mg” in black on the body of the capsule.
The capsules contain a white to off white powder.

4. CLINICAL PARTICULARS
4.1  Therapeutic indications

Treatment of patients with confirmed diagnosis of hereditary tyrosinemia type 1 (HT-1) in
combination with dietary restriction of tyrosine and phenylalanine.

4.2 Posology and method of administration

Posology

Nitisinone treatment should be initiated and supervised by a physician experienced in the treatment of
HT-1 patients. Treatment of all genotypes of the disease should be initiated as early as possible to
increase overall survival and avoid complications such as liver failure, liver cancer and renal disease.
Adjunct to the nitisinone treatment, a diet deficient in phenylalanine and tyrosine is required and
should be followed by monitoring of plasma amino acids (see sections 4.4 and 4.8).

The dose of nitisinone should be adjusted individually.

The recommended initial dose in the paediatric and adult population is 1 mg/kg body weight/day
divided in 2 doses administered orally.

Dose adjustment

During regular monitoring, it is appropriate to follow urine succinylacetone, liver function test values
and alpha-fetoprotein levels (see section 4.4). If urine succinylacetone is still detectable one month
after the start of nitisinone treatment, the nitisinone dose should be increased to 1.5 mg/kg body
weight/day divided in 2 doses. A dose of 2 mg/kg body weight/day may be needed based on the
evaluation of all biochemical parameters. This dose should be considered as a maximal dose for all
patients.

If the biochemical response is satisfactory, the dose should be adjusted only according to body weight
gain.

However, in addition to the tests above, during the initiation of therapy or if there is a deterioration, it
may be necessary to follow more closely all available biochemical parameters (i.e. plasma
succinylacetone, urine 5-aminolevulinate (ALA) and erythrocyte porphobilinogen (PBG)-synthase
activity).

Special populations

14 16



There are no specific dose recommendations for elderly or patients that have renal or hepatic
impairment.

Paediatric population
The safety and effect of nitisinone have been studied in the paediatric population. The dose
recommendation in mg/kg body weight is the same in children and adults.

Method of administration

The capsule may be opened and the content suspended in a small amount of water or formula diet
immediately before intake.

4.3 Contraindications

Hypersensitivity to the active substance or to any of the excipients.
Mothers receiving nitisinone must not breast-feed (see section 4.6 and 5.3).
4.4 Special warnings and precautions for use

Monitoring of plasma tyrosine levels

It is recommended that a slit-lamp examination of the eyes is performed before initiation of nitisinone
treatment. A patient displaying visual disorders during treatment with nitisinone should without delay
be examined by an ophthalmologist. It should be established that the patient is adhering to his dietary
regimen and the plasma tyrosine concentration should be measured. A more restricted tyrosine and
phenylalanine diet should be implemented in case the plasma tyrosine level is above 500 micromol/Il.
It is not recommended to lower the plasma tyrosine concentration by reduction or discontinuation of
nitisinone, since the metabolic defect may result in deterioration of the patient’s clinical condition.

Liver monitoring

The liver function should be monitored regularly by liver function tests and liver imaging. It is
recommended also to monitor serum alpha-fetoprotein concentration. Increase in serum alpha-
fetoprotein concentration may be a sign of inadequate treatment. Patients with increasing alpha-
fetoprotein or signs of nodules in the liver should always be evaluated for hepatic malignancy.

Platelet and white blood cell (WBC) monitoring
It is recommended that platelet and white cell counts are monitored regularly, as a few cases of
reversible trombocytopenia and leucopenia were observed during clinical evaluation.

Monitoring visits should be performed every 6 months; shorter intervals between visits are
recommended in case of adverse events.

4.5 Interaction with other medicinal products and other forms of interaction
No formal interaction studies with other medicinal products have been conducted.

Nitisinone is metabolised in vitro by CYP 3A4 and dose-adjustment may therefore be needed when
nitisinone is co-administered with inhibitors or inducers of this enzyme.

Based on in vitro studies, nitisinone is not expected to inhibit CYP 1A2, 2C9, 2C19, 2D6, 2E1 or 3A4-
mediated metabolism.

No formal food interactions studies have been performed. However, nitisinone has been co-
administered with food during the generation of efficacy and safety data. Therefore, it is recommended
that if nitisinone treatment is initiated with food, this should be maintained on a routine basis.
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4.6 Fertility, pregnancy and lactation

Pregnancy

There are no adequate data from the use of nitisinone in pregnant women. Studies in animals have
shown reproductive toxicity (see sections 5.3). The potential risk for humans is unknown. Nitisinone
should not be used during pregnancy unless clearly necessary.

Lactation

It is not known whether nitisinone is excreted in human breast milk. Animal studies have shown
adverse postnatal effects via exposure of nitisinone in milk. Therefore, mothers receiving nitisinone
must not breast-feed, since a risk to the suckling child cannot be excluded (see sections 4.3 and 5.3).

4.7  Effects on ability to drive and use machines

No studies on the effects on the ability to drive and use machines have been performed.
If the patient experiences adverse reactions affecting the vision, the ability to drive and use machines
should be considered.

4.8 Undesirable effects

The adverse reactions considered at least possibly related to treatment are listed below, by body
system organ class, and absolute frequency. Frequency is defined as very common (>1/10), common
(=>1/100 to <1/10), uncommon (>1/1,000 to <1/100), rare (=1/10,000 to <1/1,000), very rare
(<1/10,000), not known (cannot be estimated from the available data). Within each frequency
grouping, adverse reactions are presented in order of decreasing seriousness.

Blood and lymphatic system disorders
Common: thrombocytopenia, leucopenia, granulocytopenia
Uncommon: leucocytosis

Eye disorders
Common: conjunctivitis, corneal opacity, keratitis, photophobia, eye pain
Uncommon: blepharitis

Skin and subcutaneous tissue disorders
Uncommon: pruritus, exfoliative dermatitis, erythematous rash

Nitisinone treatment is associated with elevated tyrosine levels. Elevated levels of tyrosine have been
associated with corneal opacities and hyperkeratotic lesions. Restriction of tyrosine and phenylalanine
in the diet should limit the toxicity associated with this type of tyrosinemia (see section 4.4).

4.9 Overdose

No case of overdose has been reported. Accidental ingestion of nitisinone by individuals eating normal
diets not restricted in tyrosine and phenylalanine will result in elevated tyrosine levels. Elevated
tyrosine levels have been associated with toxicity to eyes, skin, and the nervous system. Restriction of
tyrosine and phenylalanine in the diet should limit toxicity associated with this type of tyrosinemia. No
information about specific treatment of overdose is available.

5. PHARMACOLOGICAL PROPERTIES

5.1 Pharmacodynamic properties
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Pharmacotherapeutic group: Other alimentary tract and metabolism products, Various alimentary tract
and metabolism products, ATC code: A16A X04.

The biochemical defect in hereditary tyrosinemia type 1 (HT-1) is a deficiency of fumarylacetoacetate
hydrolase, which is the final enzyme of the tyrosine catabolic pathway. Nitisinone is a competitive
inhibitor of 4-hydroxyphenylpyruvate dioxygenase, an enzyme which precedes fumarylacetoacetate
hydrolase in the tyrosine catabolic pathway. By inhibiting the normal catabolism of tyrosine in
patients with HT-1, nitisinone prevents the accumulation of the toxic intermediates maleylacetoacetate
and fumarylacetoacetate. In patients with HT-1, these intermediates are converted to the toxic
metabolites succinylacetone and succinylacetoacetate. Succinylacetone inhibits the porphyrin
synthesis pathway leading to the accumulation of 5-aminolevulinate.

Nitisinone treatment leads to normalised porphyrin metabolism with normal erythrocyte PBG-
synthase activity and urine 5-ALA, decreased urinary excretion of succinylacetone, increased plasma
tyrosine concentration and increased urinary excretion of phenolic acids. Available data from a clinical
study indicates that in more than 90% of the patients urine succinylacetone was normalized during the
first week of treatment. Succinylacetone should not be detectable in urine or plasma when the
nitisinone dose is properly adjusted.

Effects on overall survival

When compared to data for historical controls, it can be seen that treatment with nitisinone together
with dietary restriction results in a better survival probability in all HT-1 phenotypes. This is seen in
the following table:

Age at start of treatment | Survival probability
or diagnosis Nitisinone treatment Dietary control *
5 years 10 years 5 years 10 years
< 2 months 82 - 28 -
> 2-6 months 95 95 51 34
> 6 months 92 86 93 59

*From Figure 1,VVan Spronsen et al., 1994.

Treatment with nitisinone was also found to result in reduced risk for the development of
hepatocellular carcinoma (2.3 to 3.7-fold) compared to historical data on treatment with dietary
restriction alone. It was found that the early initiation of treatment resulted in a further reduced risk for
the development of hepatocellular carcinoma (13.5-fold when initiated prior to the age of 12 months).

5.2 Pharmacokinetic properties

Formal absorption, distribution, metabolism and elimination studies have not been performed with
nitisinone. In 10 healthy male volunteers, after administration of a single dose of nitisinone capsules
(1 mg/kg body weight) the terminal half-life (median) of nitisinone in plasma was 54 hours.
Population pharmacokinetic analysis has been conducted on a group of 207 HT-1 patients. The
clearance and half-life were determined to be 0.0956 I/kg body weight/day and 52.1 hours
respectively.

In vitro studies using human liver microsomes and cDNA-expressed P450 enzymes have shown
limited CYP 3A4-mediated metabolism.

5.3 Preclinical safety data

Nitisinone has shown embryo-foetal toxicity in the mouse and rabbit at clinically relevant dose levels.
In the rabbit, nitisinone induced a dose-related increase in malformations (umbilical hernia and
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gastroschisis) from a dose level of 2.5-fold higher than the maximum recommended human dose

(2 mg/kg/day).

A pre and postnatal development study in the mouse showed statistically significant reduced pup
survival and pup growth during the weaning period at dose levels of 125- and 25-fold, respectively,
the maximum recommended human dose, with a trend effect on pup survival starting from the dose of
5 mg/kg/day. In rats, exposure via milk resulted in reduced mean pup weight and corneal lesions.

No mutagenic but a weak clastogenic activity was observed in in vitro studies. There was no evidence
of in vivo genotoxicity (mouse micronucleus assay and mouse liver unscheduled DNA synthesis
assay). Carcinogenicity studies have not been performed.

6. PHARMACEUTICAL PARTICULARS

6.1 List of excipients

Capsule content
pregelatinised starch (maize)

Capsule shell
gelatin

titanium dioxide (E 171)

Imprint

black iron oxide (E 172),

shellac,

propylene glycol

ammonium hydroxide.

6.2 Incompatibilities

Not applicable.

6.3  Shelf life

18 months.

6.4  Special precautions for storage

Store in a refrigerator (2°C — 8°C).

During the shelf life the patient may store the finished product for a single period of 2 months at a
temperature not above 25°C, after which the product must be discarded.

6.5 Nature and contents of container

High density polyethylene bottle with a tamper proof low density polyethylene cap, containing 60
capsules.

6.6  Special precautions for disposal
No special requirements.
Any unused product or waste material should be disposed of in accordance with local requirements.

7. MARKETING AUTHORISATION HOLDER
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Swedish Orphan Biovitrum International AB
SE-112 76 Stockholm
Sweden

8. MARKETING AUTHORISATION NUMBER(S)

EU/1/04/303/003

9. DATE OF FIRST AUTHORISATION/RENEWAL OF THE AUTHORISATION

Date of first authorisation: 21/02/2005

Date of latest renewal: 21/02/2010

10. DATE OF REVISION OF THE TEXT

Detailed information on this product is available on the website of the European Medicines Agency
http://www.ema.europa.eu/.
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ANNEX 11

MANUFACTURING AUTHORISATION HOLDER
RESPONSIBLE FOR BATCH RELEASE

CONDITIONS OF THE MARKETING AUTHORISATION
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A MANUFACTURING AUTHORISATION HOLDER RESPONSIBLE FOR BATCH
RELEASE

Name and address of the manufacturer responsible for batch release

Apotek Produktion & Laboratorier AB
Prismavégen 2

SE-141 75 Kungens Kurva

Sweden

B. CONDITIONS OF THE MARKETING AUTHORISATION

o CONDITIONS OR RESTRICTIONS REGARDING SUPPLY AND USE IMPOSED ON
THE MARKETING AUTHORISATION HOLDER

Medicinal product subject to restricted medical prescription (See Annex I: Summary of Product
Characteristics, section 4.2)

o CONDITIONS OR RESTRICTIONS WITH REGARD TO THE SAFE AND
EFFECTIVE USE OF THE MEDICINAL PRODUCT

Not applicable.

o OTHER CONDITIONS

PSUR will be submitted yearly until otherwise specified by the CHMP.
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ANNEX 111

LABELLING AND PACKAGE LEAFLET
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A. LABELLING
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PARTICULARS TO APPEAR ON THE OUTER PACKAGING

OUTER PACKAGING/CARTON

|1 NAME OF THE MEDICINAL PRODUCT

Orfadin 2 mg hard capsules
Nitisinone

| 2. STATEMENT OF ACTIVE SUBSTANCE(S)

Each capsule contains 2 mg nitisinone

| 3. LIST OF EXCIPIENTS

| 4. PHARMACEUTICAL FORM AND CONTENTS

60 hard capsules

| 5. METHOD AND ROUTE(S) OF ADMINISTRATION

Read the package leaflet before use.
Oral use.

OF THE REACH AND SIGHT OF CHILDREN

6. SPECIAL WARNING THAT THE MEDICINAL PRODUCT MUST BE STORED OUT

Keep out of the reach and sight of children.

| 7. OTHER SPECIAL WARNING(S), IF NECESSARY

8. EXPIRY DATE

EXP

9. SPECIAL STORAGE CONDITIONS

Store in a refrigerator.

APPROPRIATE

10. SPECIAL PRECAUTIONS FOR DISPOSAL OF UNUSED MEDICINAL PRODUCT OR
WASTE MATERIALS DERIVED FROM SUCH MEDICINAL PRODUCTS, IF
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| 11.  NAME AND ADDRESS OF THE MARKETING AUTHORISATION HOLDER

Swedish Orphan Biovitrum International AB
SE-112 76 Stockholm
Sweden

| 12.  MARKETING AUTHORISATION NUMBER(S)

EU/1/04/303/001

| 13. BATCH NUMBER

Lot

| 14. GENERAL CLASSIFICATION FOR SUPPLY

Medicinal product subject to medical prescription.

| 15. INSTRUCTIONS ON USE

‘ 16. INFORMATION IN BRAILLE

Orfadin 2 mg
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PARTICULARS TO APPEAR ON IMMEDIATE PACKAGING UNITS

IMMEDIATE PACKAGING/BOTTLE LABEL

| 1. NAME OF THE MEDICINAL PRODUCT AND ROUTE(S) OF ADMINISTRATION

Orfadin 2 mg hard capsules
Nitisinone
Oral use

| 2. METHOD OF ADMINISTRATION

| 3. NAME OF THE MARKETING AUTHORISATION HOLDER

Swedish Orphan Biovitrum International AB

| 4. EXPIRY DATE

EXP

| 5. SPECIAL STORAGE CONDITIONS

Store in a refrigerator. Orfadin capsules can be stored for a single period of 2 months at a temperature

not above 25°C, after which the product must be discarded.
Date removed from refrigerator:

| 6. BATCH NUMBER

Lot

| 7. CONTENTS BY UNIT

60 capsules
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PARTICULARS TO APPEAR ON THE OUTER PACKAGING

OUTER PACKAGING/CARTON

| 1. NAME OF THE MEDICINAL PRODUCT

Orfadin 5 mg hard capsules
Nitisinone

| 2. STATEMENT OF ACTIVE SUBSTANCE(S)

Each capsule contains 5 mg nitisinone

| 3. LIST OF EXCIPIENTS

| 4. PHARMACEUTICAL FORM AND CONTENTS

60 hard capsules

| 5. METHOD AND ROUTE(S) OF ADMINISTRATION

Read the package leaflet before use.
Oral use.

OF THE REACH AND SIGHT OF CHILDREN

6. SPECIAL WARNING THAT THE MEDICINAL PRODUCT MUST BE STORED OUT

Keep out of the reach and sight of children.

| 7. OTHER SPECIAL WARNING(S), IF NECESSARY

| 8. EXPIRY DATE

EXP

9. SPECIAL STORAGE CONDITIONS

Store in a refrigerator.

APPROPRIATE

10. SPECIAL PRECAUTIONS FOR DISPOSAL OF UNUSED MEDICINAL PRODUCT OR
WASTE MATERIALS DERIVED FROM SUCH MEDICINAL PRODUCTS, IF
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| 11.  NAME AND ADDRESS OF THE MARKETING AUTHORISATION HOLDER

Swedish Orphan Biovitrum International AB
SE-112 76 Stockholm
Sweden

| 12.  MARKETING AUTHORISATION NUMBER(S)

EU/1/04/303/002

| 13.  BATCH NUMBER

Lot

| 14. GENERAL CLASSIFICATION FOR SUPPLY

Medicinal product subject to medical prescription.

| 15. INSTRUCTIONS ON USE

‘ 16. INFORMATION IN BRAILLE

Orfadin 5 mg
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PARTICULARS TO APPEAR ON IMMEDIATE PACKAGING UNITS

IMMEDIATE PACKAGING/BOTTLE LABEL

| 1. NAME OF THE MEDICINAL PRODUCT AND ROUTE(S) OF ADMINISTRATION

Orfadin 5 mg hard capsules
Nitisinone
Oral use

| 2. METHOD OF ADMINISTRATION

| 3. NAME OF THE MARKETING AUTHORISATION HOLDER

Swedish Orphan Biovitrum International AB

| 4. EXPIRY DATE

EXP

| 5. SPECIAL STORAGE CONDITIONS

Store in a refrigerator. Orfadin capsules can be stored for a single period of 2 months at a temperature

not above 25°C, after which the product must be discarded.
Date removed from refrigerator:

|6. BATCH NUMBER

Lot

| 7. CONTENTSBY UNIT

60 capsules
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PARTICULARS TO APPEAR ON THE OUTER PACKAGING

OUTER PACKAGING/CARTON

| 1. NAME OF THE MEDICINAL PRODUCT

Orfadin 10 mg hard capsules
Nitisinone

| 2. STATEMENT OF ACTIVE SUBSTANCE(S)

Each capsule contains 10 mg nitisinone

| 3. LIST OF EXCIPIENTS

| 4. PHARMACEUTICAL FORM AND CONTENTS

60 hard capsules

| 5. METHOD AND ROUTE(S) OF ADMINISTRATION

Read the package leaflet before use.
Oral use.

OF THE REACH AND SIGHT OF CHILDREN

6. SPECIAL WARNING THAT THE MEDICINAL PRODUCT MUST BE STORED OUT

Keep out of the reach and sight of children.

| 7. OTHER SPECIAL WARNING(S), IF NECESSARY

| 8. EXPIRY DATE

EXP

9. SPECIAL STORAGE CONDITIONS

Store in a refrigerator.

APPROPRIATE

10. SPECIAL PRECAUTIONS FOR DISPOSAL OF UNUSED MEDICINAL PRODUCT OR
WASTE MATERIALS DERIVED FROM SUCH MEDICINAL PRODUCTS, IF
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| 11.  NAME AND ADDRESS OF THE MARKETING AUTHORISATION HOLDER

Swedish Orphan Biovitrum International AB
SE-112 76 Stockholm
Sweden

| 12.  MARKETING AUTHORISATION NUMBER(S)

EU/1/04/303/003

| 13.  MANUFACTURER’S BATCH NUMBER

Lot

| 14. GENERAL CLASSIFICATION FOR SUPPLY

Medicinal product subject to medical prescription.

| 15. INSTRUCTIONS ON USE

‘ 16. INFORMATION IN BRAILLE

Orfadin 10 mg
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PARTICULARS TO APPEAR ON IMMEDIATE PACKAGING UNITS

IMMEDIATE PACKAGING/BOTTLE LABEL

| 1. NAME OF THE MEDICINAL PRODUCT AND ROUTE(S) OF ADMINISTRATION

Orfadin 10 mg hard capsules
Nitisinone
Oral use

| 2. METHOD OF ADMINISTRATION

| 3. NAME OF THE MARKETING AUTHORISATION HOLDER

Swedish Orphan Biovitrum International AB

| 4. EXPIRY DATE

EXP

| 5. SPECIAL STORAGE CONDITIONS

Store in a refrigerator. Orfadin capsules can be stored for a single period of 2 months at a temperature

not above 25°C, after which the product must be discarded.
Date removed from refrigerator:

|6. BATCH NUMBER

Lot

| 7. CONTENTSBY UNIT

60 capsules

32

34




B. PACKAGE LEAFLET
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PACKAGE LEAFLET: INFORMATION FOR THE USER

Orfadin 2 mg hard capsules
Orfadin 5 mg hard capsules
Orfadin 10 mg hard capsules

Nitisinone

Read all of this leaflet carefully before you start taking this medicine.

- Keep this leaflet. You may need to read it again.

- If you have any further questions, ask your doctor or pharmacist.

- This medicine has been prescribed for you. Do not pass it on to others. It may harm them, even
if their symptoms are the same as yours.

- If any of the side effects gets serious, or if you notice any side effects not listed in this leaflet,
please tell your doctor or pharmacist.

In this leaflet:

What Orfadin is and what it is used for
Before you take Orfadin

How to take Orfadin

Possible side effects

How to store Orfadin

Further information

oukrwdE

1. WHAT ORFADIN IS AND WHAT IT IS USED FOR

The active ingredient of Orfadin is nitisinone. Orfadin is used for treatment of a rare disease called
hereditary tyrosinemia type 1.

In this disease your body is unable to completely break down the amino acid tyrosine (amino acids are
building blocks of our proteins), forming harmful substances. These substances are accumulated in
your body.

Orfadin blocks the breakdown of tyrosine and the harmful substances are not formed.

You must follow a special diet while you are taking Orfadin, because tyrosine will remain in your
body. This special diet is based on low tyrosine and phenylalanine content.

2. BEFORE YOU TAKE ORFADIN

Do not take Orfadin
- ifyou are allergic (hypersensitive) to nitisinone or any of the other ingredients of Orfadin
(see section 6).

Take special care with Orfadin
- if you get red eyes or any other signs of effects on the eyes. Contact your doctor immediately for
an eye examination. Eye problems could be a sign of inadequate dietary control.

During the treatment, blood samples will be drawn in order for your doctor to check whether the
treatment is adequate and to make sure that there are no possible side effects causing blood disorders.

Your liver will be checked at regular intervals because the disease affects the liver.

Follow-up by your doctor should be performed every 6 months. If you experience any side effects,
shorter intervals are recommended.
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Taking other medicines
Please tell your doctor or pharmacist if you are taking or have recently taken any other medicines,
including medicines obtained without a prescription.

Taking Orfadin with food and drink
If you start Orfadin treatment by taking it with food, it is recommended that you carry on taking it with
food throughout your course of treatment.

Pregnancy and Breast-feeding

The safety of Orfadin has not been studied in pregnant and breast-feeding women. Please contact your
doctor if you plan to become pregnant. If you become pregnant you should contact your doctor
immediately.

Do not breast-feed while taking this medicine.

Driving and using machines

No studies on the effect on the ability to drive and use machines have been performed.

If you experience side effects affecting the vision you should consider your ability to drive or use
machines.

3. HOW TO TAKE ORFADIN

Nitisinone treatment should be initiated and supervised by a physician experienced in the treatment of
hereditary tyrosinemia type 1 patients.

Always take Orfadin exactly as your doctor has told you. You should check with your doctor or
pharmacist if you are not sure.

The usual total daily dose is 1 mg/kg body weight/day divided in 2 doses. Your doctor will adjust the
dose individually.

If you have problems with swallowing the capsules, they may be opened and the powder mixed with a
small amount of water or formula diet just before you take it.

If you take more Orfadin than you should

If you have taken more of this medicine than you should contact your doctor or pharmacist, as soon as
possible.

If you forget to take Orfadin

Do not take a double dose to make up for a forgotten dose. If you forget to take a dose, contact your
doctor or pharmacist.

If you stop taking Orfadin

If you have the impression that Orfadin is not working properly, talk to your doctor. Do not change the
dose or stop the treatment without talking to your doctor.

If you have any further questions on the use of this product, ask your doctor or pharmacist.

4, POSSIBLE SIDE EFFECTS
Like all medicines, Orfadin can cause side effects, although not everybody gets them.

If you notice any side effects relating to the eyes, talk to your doctor immediately for an eye
examination.
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The frequency of possible side effects listed below is defined using the following convention:
Very common:  Affects more than 1 user in 10

Common: Affects 1 to 10 users in 100

Uncommon: Affects 1 to 10 users in 1,000

Rare: Affects 1 to 10 users in 10,000

Very rare: Affects less than 1 user in 10,000

Not known: Frequency cannot be estimated from the available data

Common side effects

- Various eye symptoms; conjunctivitis (inflammation in the eye), opacity and inflammation in the
cornea, sensitivity to light, eye pain,

- reduced number of platelets and white blood cells, shortage of certain white blood cells
(granulocytopenia).

Uncommon side effects

- Inflammation of the eyelid,

- increased number of white blood cells,

- itching, skin inflammation (exfoliative dermatitis), rash.

If any of the side effects gets serious, or if you notice any side effects not listed in this leaflet, please
tell your doctor or pharmacist.

5. HOW TO STORE ORFADIN
Keep out of the reach and sight of children.

Do not use Orfadin after the expiry date which is stated on the bottle and the carton after “EXP”.
The expiry date refers to the last day of that month.

Store in a refrigerator (2°C — 8°C).

Orfadin capsules can be removed from the refrigerator for one single period of maximum 2 months
and stored at a temperature not above 25°C, after which the product must be discarded.
Do not forget to mark the date on the bottle, when removed from the refrigerator.

Medicines should not be disposed of via wastewater or household waste. Ask your pharmacist how to
dispose of medicines no longer required. These measures will help to protect the environment.

6. FURTHER INFORMATION

What Orfadin contains
The active substance is:
- nitisinone.
Each capsule contains 2 mg, 5 mg or 10 mg nitisinone.

The other ingredients are

Capsule content:

pregelatinised starch (from maize).
Capsule shell:

gelatine

titanium dioxide (E 171).

Printing ink:

iron oxide (E 172)
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shellac

propylene glycol
ammonium hydroxide

What Orfadin looks like and contents of the pack
Orfadin capsules are white, opaque, hard gelatin capsules, imprinted with “NTBC” and the strength
“2mg”, “5 mg” or “10 mg”, in black. The capsule contains a white to off-white powder.

The capsules are packaged in plastic bottles with child resistant closures. Each bottle contains
60 capsules.

Marketing Authorisation Holder

Swedish Orphan Biovitrum International AB
SE-112 76 Stockholm

Sweden

Manufacturer

Apotek Produktion & Laboratorier AB
Prismavagen 2

SE-141 75 Kungens Kurva

Sweden

This leaflet was last approved in

Detailed information on this medicine is available on the European Medicines Agency web site:
http://www.ema.europa.eu/
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HIGHLIGHTS OF PRESCRIBING INFORMATION
These highlights do not include all the information needed to use Orfadin
safely and effectively. See full prescribing information for Orfadin.

ORFADIN® (nitisinone) capsules
Initial U.S. Approval: 2002

Orfadin is a synthetic reversible inhibitor of 4-hydroxyphenylpyruvate
dioxygenase indicated for use as an adjunct to dietary restriction of
tyrosine and phenylalanine in the treatment of hereditary tyrosinemia type 1
(HT-1). (1)

. The recommended initial dose is 1 mg/kg/day divided into two daily
doses. (2)

. Orfadin should be taken at least one hour before, or two hours after a
meal. (2)

. For young children, capsules may be opened and the contents suspended
in a small amount of water, formula or apple sauce immediately before
use. (2)

. Maximum dose is 2 mg/kg/day. (2)

. Patients and their parents or caregivers should be advised of the need to
maintain dietary restriction of tyrosine and phenylalanine when taking
Orfadin to treat hereditary tyrosinemia type 1. (2, 17)

Capsules: 2 mg, 5 mg, 10 mg

CONTRAINDICATIONS
. None (4)

e Inadequate restriction of tyrosine and phenylalanine intake can lead to
elevations in plasma tyrosine, which at levels above 500 pmol/L can
result in ocular or other complications. (5.1)

. Do not adjust Orfadin dosage in order to lower the plasma tyrosine
concentration. (5.1)

. Leucopenia and thrombocytopenia have been observed with treatment
with Orfadin. Monitor platelet and white blood cell counts regularly
during Orfadin therapy. (5.2)

ADVERSE REACTIONS
Most common adverse reactions (incidence >2%) are hepatic neoplasm, liver
failure, thrombocytopenia, leucopenia, visual system complaints including
conjunctivitis, corneal opacity, keratitis, and photophobia. (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact: Accredo
Health Group at 1-888-454-8860 or FDA at 1-800-FDA-1088 or
www.fda.gov/medwatch.

. Pregnancy: Based on animal data, may cause fetal harm. (8.1)
. Nursing women: Exercise caution when administering to a nursing
woman. (8.3)

See 17 for PATIENT COUNSELING INFORMATION.
Revised: February 2013

FULL PRESCRIBING INFORMATION: CONTENTS*

1 INDICATIONS AND USAGE
2 DOSAGE AND ADMINISTRATION
2.1 Dosage
2.2 Administration
3 DOSAGE FORMS AND STRENGTHS
CONTRAINDICATIONS
5 WARNINGS AND PRECAUTIONS
5.1 High Plasma Tyrosine Levels
5.2 Leucopenia and Severe Thrombocytopenia
6 ADVERSE REACTIONS
6.1 Clinical Trials Experience
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
8.3 Nursing Mothers
8.4 Pediatric Use
8.5 Geriatric Use

8.6 Hepatic or Renal Impairment

8.7 Gender Effect
8.8 Race Effect
10 OVERDOSAGE
11 DESCRIPTION
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
12.3 Pharmacokinetics
13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
13.2 Animal Toxicology and/or Pharmacology
14 CLINICAL STUDIES
14.1 Clinical Studies in HT-1
16 HOW SUPPLIED/STORAGE AND HANDLING
17 PATIENT COUNSELING INFORMATION

*Sections or subsections omitted from the full prescribing information are not
listed.
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FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

Orfadin® capsules (nitisinone) are indicated as an adjunct to dietary restriction of tyrosine and phenylalanine in the treatment of patients with hereditary tyrosinemia
type 1 (HT-1).
2 DOSAGE AND ADMINISTRATION

2.1 Dosage

The recommended dose of Orfadin is 1 to 2 mg/kg divided into two daily doses. The initial dose is 1 mg/kg/day divided for morning and evening administration.

Treatment with Orfadin should be initiated by a physician experienced in the treatment of HT-1. The dose of Orfadin may be adjusted in each patient. In patients
whose erythrocyte PBG-synthase activity and urine 5-ALA and urine succinylacetone are not normalized within one month after the start of Orfadin treatment, the
Orfadin dose may be increased to 1.5 mg/kg/day. In patients receiving 1.5 mg/kg/day, whose erythrocyte PBG-synthase activity and urine 5-ALA and urine

succinylacetone remain elevated and whose plasma succinylacetone is not normalized after three months, the dose may be increased to up a maximum dose of
2 mg/kg/day.

If plasma nitisinone concentration, plasma succinylacetone, urine 5-ALA and erythrocyte PBG-synthase activity are not available, clinical laboratory assessments
should include urine succinylacetone, liver function tests, alpha-fetoprotein, and serum tyrosine and phenylalanine level. During initiation of therapy and during acute
exacerbations, it may be necessary to follow more closely all available biochemical parameters [see Warnings and Precautions (5)].

2.2 Administration

Orfadin should be taken at least one hour before or at least two hours after a meal, since food effect is unknown. For young children, Orfadin capsules may be
opened and the contents suspended in a small amount of water immediately before use.

Physicians should counsel patients and their parents or caregivers of the need to maintain dietary restriction of tyrosine and phenylalanine when taking Orfadin to
treat hereditary tyrosinemia type 1.
3 DOSAGE FORMS AND STRENGTHS

Orfadin capsules (nitisinone) are available as white capsules imprinted with “NTBC” followed by “2 mg”, “5 mg”, or “10 mg”, indicating the actual amount of
nitisinone in each capsule.
4 CONTRAINDICATIONS

None.

5 WARNINGS AND PRECAUTIONS
5.1 High Plasma Tyrosine Levels

Orfadin is an inhibitor of 4-hydroxyphenyl-pyruvate dioxygenase, an enzyme in the tyrosine metabolic pathway [see Clinical Pharmacology (12)]. Therefore,
treatment with Orfadin may cause an increase in blood tyrosine in patients with HT-1, and patients should maintain concomitant reduction in dietary tyrosine and
phenylalanine while on Orfadin treatment. Plasma tyrosine levels should be maintained below 500 umol/L. Inadequate restriction of tyrosine and phenylalanine intake
may increase blood tyrosine levels and may be associated with blood tyrosine levels greater than 500 pmol/L leading to the following:

e Ocular signs and symptoms including corneal ulcers, corneal opacities, keratitis, conjunctivitis, eye pain, and photophobia have been reported in patients
treated with Orfadin [see Adverse Reactions (6)]. Therefore, ophthalmologic examination including slit-lamp examination should be performed prior to
initiating Orfadin treatment. Patients who develop photophobia, eye pain, or signs of inflammation such as redness, swelling, or burning of the eyes during
treatment with Orfadin should undergo slit-lamp reexamination and immediate measurement of the plasma tyrosine concentration.

e Variable degrees of mental retardation and developmental delay. In patients treated with Orfadin who exhibit an abrupt change in neurologic status, a clinical
laboratory assessment including plasma tyrosine levels should be performed.

e Painful hyperkeratotic plaques on the soles and palms.

In patients with HT-1 treated with dietary restrictions and Orfadin who develop elevated plasma tyrosine levels, an assessment of dietary tyrosine intake should be
performed.

5.2 Leucopenia and Severe Thrombocytopenia
In clinical trials, patients treated with Orfadin and dietary restriction developed transient leucopenia (3%), thrombocytopenia (3%), or both (1.5%) [see Adverse

Reactions (6)]. One patient who developed both leucopenia and thrombocytopenia improved after the dose of Orfadin was decreased from 2 mg/kg to 1 mg/kg. No
patients developed infections or bleeding as a result of the episodes of leucopenia and thrombocytopenia. Platelet and white blood cell counts should be monitored
regularly during nitisinone therapy.
6 ADVERSE REACTIONS
The following serious adverse reactions are described below and elsewhere in the labeling:
®  High Plasma Tyrosine Levels [see Warnings and Precautions (5.1)]

Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug cannot be directly compared to
rates in the clinical trials of another drug and may not reflect the rates observed in clinical practice.

6.1 Clinical Trials Experience

Orfadin was studied in one open-label, uncontrolled study of 207 patients with HT-1, ages 0 to 21.7 years at enrollment (median age 9 months), who were
diagnosed with HT-1 by the presence of succinylacetone in the urine or plasma. The starting dose of Orfadin was 0.6 to 1 mg/kg/day, and the dose was increased in
some patients to 2 mg/kg/day based on weight, biochemical, and enzyme markers. Median duration of treatment was 22.2 months (range 0.1 to 80 months).

The most serious adverse reactions reported during Orfadin treatment were thrombocytopenia, leucopenia, porphyria, and ocular/visual complaints associated with
elevated tyrosine levels [see Warnings and Precautions (5)]. Most patients with ocular/visual events had transient symptoms lasting less than one week, while 6
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patients had symptoms lasting 16 to 672 days. Six patients had thrombocytopenia, with platelet counts 30,000/uL or lower in 3 patients. In 4 patients with
thrombocytopenia, platelet counts returned to normal without change in Orfadin dose. In 2 patients platelet count returned to normal 2 weeks to 5 months after Orfadin
treatment was discontinued. No patients developed infections or bleeding as a result of the episodes of leucopenia and thrombocytopenia.

Other serious adverse events reported during Orfadin treatment were hepatic neoplasm, liver failure, and porphyric crises. Patients with hereditary tyrosinemia
type 1 are at increased risk of developing porphyric crises, hepatic neoplasms, and liver failure requiring liver transplantation. These complications of HT-1 were
observed in patients treated with nitisinone for a median of 22 months during the clinical trial (liver transplantation 13%, liver failure 7%, malignant hepatic neoplasms
5%, benign hepatic neoplasms 3%, porphyria 0.5%). Regular monitoring for these complications by hepatic imaging (ultrasound, computerized tomography, magnetic
resonance imaging) and laboratory tests, including serum alpha-fetoprotein concentration is recommended. Patients with increasing alpha-fetoprotein levels or
development of liver nodules during treatment with nitisinone should be evaluated for hepatic malignancy.

The most common adverse reactions reported in the clinical trial are summarized in Table 1.

TABLE 1
Adverse Reactions Reported in 207 Patients During an Open-Label, Uncontrolled Trial

ADVERSE REACTION

LIVER and BILIARY SYSTEM
Hepatic neoplasm 8%

Liver failure 7%

VISUAL SYSTEM

Conjunctivitis 2%
Corneal opacity 2%
Keratitis 2%
Photophobia 2%
Blepharitis 1%
Eye pain 1%
Cataracts 1%

HEMIC and LYMPHATIC SYSTEM

Thrombocytopenia 3%
Leucopenia 3%
Granulocytopenia 1%
Porphyria 1%
Epistaxis 1%

SKIN and APPENDAGES

Pruritis 1%
Exfoliative dermatitis 1%
Dry skin 1%
Maculopapular rash 1%
Alopecia 1%

Adverse reactions reported in less than 1% of the patients, regardless of causality assessment, included death, seizure, brain tumor, encephalopathy, headache,
hyperkinesia, cyanosis, abdominal pain, diarrhea, enanthema, gastritis, gastroenteritis, gastrointestinal hemorrhage, melena, tooth discoloration, hepatic function
disorder, elevated hepatic enzymes, liver enlargement, dehydration, hypoglycemia, thirst, infection, septicemia, otitis, infection (not otherwise specified), bronchitis,
respiratory insufficiency, pathologic fracture, amenorrhea, nervousness, and somnolence.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy
Teratogenic effects: Pregnancy Category C.

Reproduction studies have been performed in mice at oral doses of about 0.4, 4 and 20 times the recommended human dose (1 mg/kg/day) and in rabbits at oral
doses of about 1.6, 4 and 8 times the recommended human dose based on the body surface area. In mice, nitisinone has been shown to cause incomplete skeletal
ossification of fetal bones at 0.4, 4 and 20 times the recommended human dose, increased gestational length at 4 and 20 times the recommended human dose, and
decreased pup survival at 0.4 times the recommended human dose based on the body surface area. In rabbits, nitisinone caused incomplete skeletal ossification of fetal
bones at 1.6, 4 and 8 times the recommended human dose based on the body surface area. However, there are no adequate and well controlled studies in pregnant
women. Nitisinone should be used during pregnancy only if the potential benefit justified the potential risk to the fetus.

8.3 Nursing Mothers

Although the exposure was not quantified naive pups that were exposed to Orfadin via breast milk showed signs of ocular toxicity and lower body weight. This
suggests that Orfadin is excreted via breast milk in rats. It is not known whether Orfadin is excreted in human milk. Because many drugs are excreted in human milk,
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caution should be exercised when Orfadin is administered to a nursing woman.

8.4 Pediatric Use

Pediatric patients with HT-1, ages birth to 17 years have been treated with Orfadin in one open-label, uncontrolled clinical study [see Clinical Studies (14.1)].
Monitoring of blood and urine succinylacetone levels are recommended in the children to ensure adequate control [see Dosage and Administration (2)]. A nutritionist
skilled in managing children with inborn errors of metabolism should be employed to design a low-protein diet deficient in tyrosine and phenylalanine.

8.5 Geriatric Use

Clinical studies of nitisinone did not include any subjects aged 65 and over to determine whether they respond differently from younger subjects. HT-1 is presently
a disease of the pediatric population. No pharmacokinetic studies of nitisinone have been performed in geriatric patients. In general, dose selection for an elderly patient
should be cautious, usually starting at the low end of the dosing range, reflecting the greater frequency of decreased hepatic, renal, or cardiac function, and concomitant
disease or other drug therapy in this patient population.

8.6 Hepatic or Renal Impairment

The effect of hepatic dysfunction on the pharmacokinetics of nitisinone has not been studied. The effect of renal insufficiency on the pharmacokinetics of Orfadin has
not been studied.

8.7 Gender Effect

The effect of gender on the pharmacokinetics of Orfadin has not been studied.

8.8 Race Effect

The effect of race on the pharmacokinetics of Orfadin has not been studied.

10 OVERDOSAGE

Accidental ingestion of Orfadin by individuals eating normal diets not restricted in tyrosine and phenylalanine will result in elevated tyrosine levels. In healthy
volunteers given a single 1 mg/kg dose of nitisinone, the plasma tyrosine level reached a maximum of 1200 pmol/L from 48 to 120 hours after dosing. After a washout
period of 14 days, the mean value of plasma tyrosine was still 808 pmol/L. Fasted follow-up samples obtained from volunteers several weeks later showed tyrosine
values back to normal. There were no reports of changes in vital signs or laboratory data of any clinical significance. One patient reported sensitivity to sunlight. Hyper(
tyrosinemia has been reported with Orfadin treatment [see Warnings and Precautions (5)].

11 DESCRIPTION

Orfadin contains nitisinone, which is a hydroxyphenyl-pyruvate dioxygenase inhibitor indicated as an adjunct to dietary restriction of tyrosine and phenylalanine in
the treatment of hereditary tyrosinemia type 1 (HT-1).

Nitisinone occurs as white to yellowish-white, crystalline powder. It is practically insoluble in water, soluble in 2M sodium hydroxide and in methanol, and
sparingly soluble in alcohol.

Chemically, nitisinone is 2-(2-nitro-4-trifluoromethylbenzoyl) cyclohexane-1,3-dione, and the structural formula is:

Figure 1. The molecular formula is C14H10F;NOs with a relative mass of 329.23
Orfadin is a hard white-opaque capsule, marked as 2 mg, 5 mg or 10 mg strengths of nitisinone and is intended for oral administration. Each capsule contains 2 mg,
5 mg or 10 mg nitisinone, plus pre-gelatinized starch. The capsule shell is gelatin and titanium dioxide and the imprint is an iron oxide.
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action

Nitisinone is a competitive inhibitor of 4-hydroxyphenyl-pyruvate dioxygenase, an enzyme upstream of fumarylacetoacetate hydrolase (FAH) in the tyrosine
catabolic pathway. By inhibiting the normal catabolism of tyrosine in patients with HT-1, nitisinone prevents the accumulation of the catabolic intermediates
maleylacetoacetate and fumarylacetoacetate. In patients with HT-1, these catabolic intermediates are converted to the toxic metabolites succinylacetone and
succinylacetoacetate, which are responsible for the observed liver and kidney toxicity. Succinylacetone can also inhibit the porphyrin synthesis pathway leading to the
accumulation of 5-aminolevulinate, a neurotoxin responsible for the porphyric crises characteristic of HT-1.

Nitisinone inhibits catabolism of the amino acid tyrosine and can result in elevated plasma levels of tyrosine. Therefore, treatment with nitisinone requires
restriction of the dietary intake of tyrosine and phenylalanine to prevent the toxicity associated with elevated plasma levels of tyrosine [see Warnings and Precautions

O]
12.3 Pharmacokinetics

Limited information exists on the metabolism, distribution, and excretion of nitisinone in rats. Nitisinone was greater than 90% bioavailable following oral
administration of the labeled compound in rats and was distributed to different organs, particularly the liver and kidney, where radioactivity remained for 7 days after
administration. Nitisinone was bio-transformed in rats and excreted via the urine.

No pharmacokinetic studies of nitisinone have been conducted in children or HT-1 patients.
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The single-dose pharmacokinetics of nitisinone have been studied in ten healthy male volunteers aged 19-39 years (median 32 years). Nitisinone, 1 mg/kg body
weight, was administered as a capsule and a liquid. The median time for maximum plasma concentration was 3 hours for the capsule and 15 minutes for the liquid. The
capsule and liquid formulation were found to be bioequivalent based on an analysis of area under the plasma concentration-time curve and maximum plasma
concentration (Cpyy).

No information on the metabolism of nitisinone in humans is available. The mean terminal plasma half-life of nitisinone in healthy male volunteers was 54 hours.
The effect of food on the pharmacokinetics of nitisinone has not been studied.
13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

No long-term studies in animals have been performed to evaluate the carcinogenic potential of nitisinone. Nitisinone was not genotoxic in the Ames test and the in
vivo mouse liver unscheduled DNA synthesis (UDS) test. Nitisinone was mutagenic in the mouse lymphoma cell (L5178Y/TK"") forward mutation test and in an in
Vvivo mouse bone marrow micronucleus test.

In a single dose-group study in rats given 100 mg/kg (12 times the recommended clinical dose based on relative body surface area), reduced litter size, decreased
pup weight at birth, and decreased survival of pups after birth was demonstrated.

13.2 Animal Toxicology and/or Pharmacology

In pregnant mice given oral gavage doses of 5, 50, 250 mg/kg/day from gestation day 7 through 16, incomplete skeletal ossification of fetal bones was observed
with doses of >5 mg/kg/day. In pregnant mice given the same doses from gestation day 7 through weaning, gestation length increased in animals given >50 mg/kg/day.
Decreased pup survival by 9% compared to 5% in untreated controls was observed at 5 mg/kg/day.

In pregnant rabbits given oral gavage doses of 5, 12, 25 mg/kg/day from gestation day 7 through 19, maternal toxicity and incomplete skeletal ossification of fetal bones
was observed with doses of >5 mg/kg/day.
14 CLINICAL STUDIES

14.1 Clinical Studies in HT-1

The efficacy and safety of Orfadin in patients with HT-1 were evaluated in one open-label, uncontrolled study of 207 patients with HT-1, ages 0 to 21.7 years at
enrollment (median age 9 months). Patients were diagnosed with HT-1 by the presence of succinylacetone in the urine or plasma. All patients were treated with Orfadin
at a starting dose of 0.6 to 1 mg/kg/day, and the dose was increased in some patients to 2 mg/kg/day based on weight, liver and kidney function tests, platelet count,
serum amino acids, urinary phenolic acid, plasma and urine succinylacetone, erythrocyte PBG-synthase, and urine 5-ALA. The median duration of treatment was 22
months (range less than 1 month to 80 months). Efficacy was assessed by comparison of survival and incidence of liver transplant to historical controls.

In this clinical study, for patients presenting with HT-1 younger than 2 months of age who were treated with dietary restriction and nitisinone, 2- and 4-year
survival probabilities were 88% and 88%, respectively. Data from historical controls showed that patients treated with dietary restriction alone had 2- and 4-year
survival probabilities of 29% and 29%, respectively. For patients presenting between 2 and 6 months of age who were treated with dietary restrictions and nitisinone, 2-
and 4-year survival probabilities were 94% and 94%, respectively. Data for historical controls showed that patients treated with dietary restriction alone had 2- and 4[]
year survival probabilities of 74% and 60%, respectively.

The effects on urine and plasma succinylacetone, porphyrin metabolism, and urinary alpha-1-microglobulin were also assessed in this clinical study.

Urine succinylacetone was measured in 186 patients. In all 186 patients, urinary succinylacetone level decreased to less than 1 mmol/mol creatinine. The median
time to normalization was 0.3 months. The probability of recurrence of abnormal values of urine succinylacetone was 1% at a nitisinone concentration of 37 umol/L
(95% confidence interval: 23-51 pmol/L). Plasma succinylacetone was measured in 172 patients. In 150 patients (87%), plasma succinylacetone decreased to less than
0.1 pmol/L. The median time to normalization was 3.9 months.

Porphyria-like crisis were reported in 3 patients (0.3% of cases per year) during the clinical study. This compares to an incidence of 5 to 20% of cases per year
expected as part of the natural history of the disorder. An assessment of porphyria-like crises was performed because these events are commonly reported in patients
with HT-1 who are not treated with nitisinone.

Urinary alpha-1-microglobulin, a proposed marker of proximal tubular dysfunction, was measured in 100 patients at baseline. The overall median pretreatment
level was 4.3 g/mol creatinine. After one year of treatment in a subgroup of patients (N=100), overall median alpha-1-microglobulin decreased by 1.5 g/mol creatinine.
In patients 24 months of age and younger in whom multiple values were available (N=65), median alpha-1-microglobulin levels decreased from 5.0 to 3.0 g/mol
creatinine (reference value for age <12 g/mol creatinine). In patients older than 24 months in whom multiple values were available (N=35), median alpha-1[]
microglobulin levels decreased from 2.8 to 2.0 g/mol creatinine (reference for age <6 g/mol creatinine).

The long term effect of nitisinone with regard to hepatic function in patients was not assessed.

16 HOW SUPPLIED/STORAGE AND HANDLING

Orfadin capsules are white and marked in black with "NTBC" and identified as 2 mg, 5 mg or 10 mg strengths of nitisinone. The capsules are packed in a high
density (HD) polyethylene container with a tamper-resistant low density (LD) polyethylene snap-on cap. Each bottle contains 60 capsules.

2 mg white capsules imprinted "NTBC 2 mg" in black ink, NDC 66621-1002-6

5 mg white capsules imprinted "NTBC 5 mg" in black ink, NDC 66621-1005-6

10 mg white capsules imprinted "NTBC 10 mg" in black ink, NDC 66621-1010-6

Store refrigerated, 2-8°C (36-46°F).

For Drug or Ordering information please call Accredo Health Group, Inc., Customer Service at 1-888-454-8860.

17 PATIENT COUNSELING INFORMATION

. Advise patients and caregivers of the need to maintain dietary restriction of tyrosine and phenylalanine when taking Orfadin to treat hereditary tyrosinemia
type 1 [see Warnings and Precautions (5)].
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e Advise patients and caregivers to report promptly unexplained eye symptoms, rash, jaundice, or excessive bleeding [see Warnings and Precautions (5) and
Adverse Reactions (6)].

Manufactured by:
Apotek Produktion & Laboratorier AB, Sweden

Distributed by:

Rare Disease Therapeutics, Inc.
2550 Meridian Blvd., Suite 150
Franklin, TN 37067

Phone number: 615-399-0700
Orfadin is licensed from:

Swedish Orphan Biovitrum International AB,
Sweden

RDT O P1004
54P101-04
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KITIEE A BT 20,

(ERk L\ L DiFE]
Az R N ADBEY H LI ERHTIRA T %
A E R FANBIRY H LRI GERNCR Y Y T EHD W
RS S 5.,

(& 2B & #]

L PESEN VX7 EEENE A R ED L NI 5 2 &,

2L ENTOMARBRNE DO TRLNTWVD Z b B
50t . T 5% A 31 ) T 0D B 5] % Sk G2\ ) RS R A % St
L2 Lk ARAME RSO RIERAET S L L BIT,
AHN DL EVER OENECET 57 — & % RINCEE L AR

OB IERH AT LB R E 2 D Z &,

(@ %]
hTEIL 2mg: 607K L)
h7EIL 5mg: 6007 E/LGR L)
hTEIL 10 mg: 60 7R V)
[FEXE R U XERFER 5]
1. EEXH
1) Herebian D. et al. : Rapid Commun. Mass Spectrom. 24 (6) :
791, 2010

2) Neat J.N. et al. : Drug Metab. Rev. 42(S1) : 115, 2010

3) van Spronsen F.J. et al. : Hepatology. 20(5) : 1187, 1994

4) Kvittingen E.A. et al. : J. Inherit. Metab. Dis. 14 (4) : 554,
1991

5) Mitchell G.A. et al. : In: Scriver C.R., Beaudet A.L., Sly W.S.
Valle D., eds. The Metabolic and Molecular Bases of Inherited
Disease, 7th Ed.: New York: McGraw Hill Inc. : 1077, 1995

6) Lindstedt S. et al. : Lancet. 340 (8823) : 813, 1992

. XEREERSE - HRERSBEVEDE R
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T 103-8411 M RX AARGAI 2 THS &1 5
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1.8.2 ZNEE - MR RV ZDRERR
1.8.2.1 zhEe - IR ()

EFu v miE 1

1.8.2.2 %hgE - MR (F) DHRTERERL

BRI 2 U ME TR (HT-1) 3R Z 7 NREBR TH Y, EEOFASE, BEEOIKT,
I I 2 P O IR MR RR RIS, BRI RS, IR (HCC) IC@mWIY A7 2 H 352 & &kr
¥ & 9% [Halvorsen, 1990, Kvittingen, 1991, Mitchell, et al., 1995, van Spronsen, et al., 1994, Weinberg,
etal, 1976], AFREIL, F 1o o R DR BMBEEERICB T2 EREFICL - TSR S
A1 % [Lindblad, et al., 1977], BIBRUTH GRS IEBIZ TH 5, HT-1 OEIEELITFIEFHIZ L -
THL72 0 [Halvorsen, 1990, van Spronsen, et al., 1994], Z DR TR L L < AN LM TH 52k
BCUE, A%EI AU (0~6 1 A) ICEEF AR OEEREEI B L, FETERBRD THEL,
FEAPERCIIAER 6~12 7 HICHIET 5, ERARRGEITAMER X 0 BWL, SERIFEEL T\ 5,
PEPER CIER O FEN AL 1 FLURE LB, RROETHRERTH Y, < 290K OHIIRERED
B b B 72 ¥ Td % [Halvorsen, 1990],

HT-1 [ 3ERICENREETH Y, BN R OHK TOIIERIT/NIE 100,000 44720 K 1 4 TH
Bo LinL, AFEDTXy 7 e &—EOHIE TITRIERN D720 &<, 20,000 4572081
4 Cd 5 [Mitchell, etal., 1995], —FH T, HATILIZINE TITAKIZHW=Z 446] (N1 #IX HT-1
LRI DIEER) DIEFIRE NS DDA THARTO HT-1 OFIEFEIIRHTH 5,

HT-1 OJFRIZ, 1 2 o BREORED AT v 7B 5 KEE TH 25 [Lindblad, et al., 1977],
7~ U AT MNEEE e —F (FAH) OXBIZLY, v LA L7 E MEE (MAA) KOV~
U7 & MEEE (FAA) PIEEICHMET, RFTCERL TRt vy=172 b (SA) X
P =T NEEE (SAA) ([CEMES N D, MAA JOVFAA IZFEF IS BUSTEDO B WM T H
%712 HT-1 BE DOMIELRE BT 2 2 1T TE 20, 215 ORI 3l K& O N 45
DERFNTH D EEZDILD, HT-1 BETAHALNLESLVD -7 = b7 a7 A4 (AFP) (%
AR EZ R T EIE CTH Y, EAEEMRESCEMREOBIE T 5, £72, FHEMEGIC
Ko TEEFEENET, Zd7e e EVRBRER & L TEND, ZOMOMEHY, 1T SA
bR E~OBENREDLNDLR, ZABIIRLTZ+ Y J—4 2 (PBG) OARBRRICIH T
PBG AR ENZILET L Z LML TVD, ZOMHEICL > T5- 72/ L7 Y VR (5-ALA)
INERET D728, HT-1 B3 T 5-ALA ORPPEMEEDHEINT 5, 5-ALA O R PR N & A
FRMEFEAE DN IXBIEPE DS RIZ S 41TV 5 [Mitchell, et al., 1995],

Fry U ROT 2= AT T = UHIREIC K DVR5 CIFIR A OB IR G I XIH T & 523, BoEm
72 liR )R X [A1BE X 419 [van Spronsen, et al., 1994], BlRE S CHZ 2 IBEIEIIFBHEO A TH 5
[Lindstedt, et al., 1992],
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2-[2-nitro-4-(trifluoromethyl)benzoyl]cyclohexane-1,3-dione (NTBC, =F 3/ ) &, 4-t K ¥
V7= VBN U A X —E (HPPD) OHEIKTH S, =F 2/ 3T a v o ofiisk
BOE _BEMEZAET 2 Z LIk o T EROHEENREYOER A IH L, HT-1 BE ORWRIEZ U
THZENMFFSND, £/, HPPD #fHETHZ &I2L Y, MiFHTFrn 7=/ —LED
BENEHT 5,

1992 4T Sahlgrenska University Hospital (Gothenburg, Sweden) @ Lindstedt &2 & ¥ 33 S 7
=F ) ALK BIBEE LT RO 5 5D HT-1 & O % [Lindstedt, et al., 1992)1%, HT-1 {2
T HIEHEIEE L CHERICELER LD ThH -T2, =T ) VFRIEORNEZ EIET 5720,
Sahlgrenska University Hospital D7 — A3 L7 7 o — L3k (NTBC #8r) 23Bts s, =
F ) Far Ny ax—ha—2A& LT, EFEIZS U Sahlgrenska University Hospital 7> 5 2t
RO~ S L7z, NTBC iR, BATO GCP HANCHE» THEME S iz b DO TidlehroTz,

NTBC iR IL, HT-1 1RIE ISk 2 =F 3 OERIRINAE 20 % gt L7 ME— DEFREER TH v,
1 B> B AR NFEFI AR AN vz, 5% B A NES
HcH) . [ C 55, ko K5 IS ERE D TR B D
T EMD, ARV TRRREBRII M S TV7R0y,

NTBC R BA CHEM SN ET=F v/ v a&kbET 52 LItk - T, EHEREMOAEREZIZIE
FARIPIETE D Z LITHLNTH D, HEICL > THHEERAREICHESH, HDWVITIEFL
TOGESAHDH T EHRINT VD, BEHFIE NTBC iBR O SR 5 70TV 5 723,
6 WARMGT=F 2/ UG EAM LTSS, EEY A7 RORFAERIZ L D B0 L2
RV, =F > U EGEBBICHLE L5 A1E, HCC O U A7 HIEFITIRY, Amagndia
PERILT 4 U SED Y 27 HIZITHER S5,

fREL EOBH D, NTBC RBRICIIRIREEZ R T e hoTe, 20D, =F v/ v a&E L
HT-1 B3 OHEEETFH %, van Spronsen H A 1994 4L ICAK LT, TRV VKRN TZ 2= T T =
HIBREEC K DI DB %521 72 HT-1 F38 108 B2 EE 4 2 EERHA COHEEAfFR & g L7z
[van Spronsen, et al., 1994], van Spronsen H 23 %FEK L7177 — & b, IERFEBZ ICRFRIEDO A %2
b L7z HT-1 B OEFRIL, BEORIEFMIC L > TR Z LN RB I, BFRIEDOHE
LTI T, TERIEBIL O 4 AT, E% 2 I A K CRER DS FEBL L 72 B3 Tl 29%I12
TET, A 2~6 W HITIERP I LIZEF TIE 60% TH o7, T L, NTBC BRI
T 1993 4 7 H~2000 4F 3 HITHLZA AN BT B 2R RICFROT 24T o T L 2H, =F v
J G BRHBO 4 FAEFRIE, AR 2 VARG CT=FT Y VEREEZBG LIZEBFE TI3% TH-o
72 6 71 A A T G-% Bts L7 B3 TlX, 4 FAFRIT 93% Th -7z, NTBC BROEH2AKIC
BT D 4FAEFRIT, 4% THoTz,

NTBC #Ek Ofi#HT &, van Spronsen HIZ LD LV ha AT T ¢ T4 E O T, AfFRHEEED
BB R AT ) Z LI RATRETH D0, =F v/ v EAFRIETIHE LIRS L B FIRIEDO R
TIEHE LI B DORIT, AFRICIERICREREN ST EIFHLNTH S,

UEXD, WEEze - 2R () X TEFr v rmiE 1R & L,
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183 RE - AERUEZDHRERR
1831 Hi&%-RAE ()

Wi, =F2 /L LT 1 H Imgkg & 2 BICHE L TROKEST S, 2k, BEORIEICS
U CHi T 5725, 1 H2mgkg % ERET 5,

1.8.32 R - AZE () OFHTERN

=F v/ ORI - AEOBREIZY 2D — i) 72 RS ERBRILFEm S LTy, =F
ORI AR, AR O ENEE T LM ORGKERER TH H NTBC REROfE RIS
WTRE ST,

=F V) ORNOBEIRGT 5 vy MRBRIZBWT, ERROFERBR T 0 7 F L0
FERICHESE, 1 HHESE L TO0.1 mgkg V#4172 [Lindstedt, et al., 1992], T OH&EIE, 34
7y FRBRIZIBWNT 0.6 mgkg £ THEI N, ZHAUXFITRS 5S-ALA JEtAMEKIRE LT L
TWelzbTho Tz,

RA vy NRBROFERE IS, UKL, 0.6 mgkg OFRGENMHELEI NN, =F 2/ v okh
TR 2 D120~ T, < OBBE TR, MED SA B FoIE T Lan U3t 256 S %
HY, JRT5-ALA BENFHE L, & 5 WIXIRINER PBG & plEERTE L E N R L, JRT SA 3 &
BETHo=Z Enn, BRHZHIBIZB W T 0.6 mgkg TIEIARTHSTHDL Z ENRHALMNIRST-, 2D
72, MIE 1 BHA®EE | mgkg [CHET D Z ENRES N, BEOMZEND, 3L A EDRE
TiE, 2EFE LWAELSEER 21525 7201215 20~30 pmol/L UL ED Mg =53/ R M3
ThsnrZ L, £7206mgkg DHETIE, KEHOBFIZBWTIORENELNRNT ENRRE
NTW5, 1993 FEHENL, =F v/ o)l 1 HHZEE LT 1mgkg BHERES N, ZHENRAR
+aTholHh, EREMEBORERG ARSI, S ey FEREBRTIE, 1A 3 [E#E G
HBALA L7-73%, NTBC RERTIX, 1 AH&EE 2 [BNZHEI L TEET 5 & W ) RN, FFEDOH
BRI EDOR G2 A4 I U 3R L ote, =F 3 7 VRS LHFALT, EilcFrv v
L7 == V7 7= ORFHIENEMI T,

NTBC Bk D EEMEHTHIFI A, 55 207 BlOBERN=F > ) L ORG %5725, 1.2 mgkg %
M bHETHREZRGLIEEEILS flOARTHY, ZOHIL0L BPHEEHE L, £,
NTBC i D EEMNT CHEH SN 1 BHEIZ3.0mgke Tho7mZ &b, mEGETO
BeGIRER D Tl nWEEBZ b b, LIz ->T, 1 H 2mgkg %82 5PHH 13T B HN
bHHEEBEZTND,

PbXy, mEEHE - BRI @, =F> /2L T1H 1mgkg % 2 [ENZ5E L CTROE
3%, 7ok, BEOREIZS U CEEHKT 572, 1 H2mgkg % ERET D, ERE LT,
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1.8.4 Hi% - AEICEHEYT 2EALOIERVZDRTERM
1.8.41 FRi&E - REICEET 2ERLDEE ()

(% - AEICEET SERALDEE)

(1) AFOFEEIZEE LT, EMRICEFEOREEZBIEL, RV 7 =17 FRE, I
BEREMAE, M oa-7 = hT T A VRESAIEL, ZNOERENICEEL TEEE
AT L2 L, B, ARG 1 PABRICBWTHIRPY 7 =7 hUaRiH
SNAHLEITE, 1 HEZ 1.5mgkg ICHEET LI EE2RFTHZ L,

(2) AFIOFEHIZE v imERF o UREN EF L, BIERRBEY 27 N/ 84258 nnd
720, ARSI TORICEET 22 &, (TRWER) 0HESBMH)

) Fry k7 2=V T7 7=V R LIRS RIEEITY) 2 L,

2) EHIMICmERTF e U REARIE L, mET T a S BB E % 500 umol/L A ISR
Ze,

3) Mg T a o UPREED 500 umol/L & X 7o AT, WREOE(LIZ SRR D7, 1
HhTFo sy VREZKTEIESZ L2 B E LEEARIOR Sk U3, Lo
LT Y U ROT == 7 T = IR L e BERE TR T e v IR EE D
WaiTH 2 &,

(3) ABAIDFRNE L ZEMEIT/NRITBN TR SN TEY, NEROEAICKIT 2 HRH &
(mg/kg) 1EF—TH %,

1842 HiE- REICEET ZHEALOEE () ORERML

(1) SA OJRHHEML, =F v VGG 2 DAL EFRG%2ZF T2IRIE TR T O RS THRYE
PRFUE ARG AR T L7z, 90%LL LD BFE TIX, HEBL#E 1| BELINIZ Z 0 X 5 ZRiEREA i
ZoTW5h, —HT, SADRFHHUNS —EIEF(L L72EE TS, R SA PR FOHEIN9
LHZEA LA SN, Zhu, MER=F 2 VIREMET LZBICEZ Y, SA JRH e
IMOFFE & MIGH=F > 7 VRE & ORICHEHEICA B 72 BEEN RO b,

L7=Mo T, BEH% 1 1 HIZBWTHIRT SA Bl 2546, miEh=v/ VRE
N TRNZ ENREDNA OB GEOHENLETH D,

Q) =F ¥/ UEERHIZIE, BEEICEET A0 LV WEERS L UCHIREK, &9, IRE,
AN, T ORI & o T2 IRFEENHE ST 5, NTBC RERFEAIMEHT I TR
RBLL MM F o YRR L OMBMEE O D RAT 4y VEIRIC RO LTI L 25, 5
R OTF o o mmEHREICOWT, IRIEROFEEMERITH T DM PRI B
NBO b, F oy s hkm iR 850 umol/L TORRIER OHET I BIMERIX, $5-BI4k
REAEIS2S 0%, 1%, 2%, MOV3ROMBERET, T2 1%, 12%, 13%, KT 15%,
T e MR EE 500 pmol/L TOHEEFRBLERIL, TILEIK 5%, 5%, 6%, KT 6%
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TholecZ &b, EYIICIERTF v AREZHAE L, MR F r o 3 % 500 pmol/L
UTFICBROBENRDHD, —HT, fhFos  BEORDEZBRE L TARIORG IS
HUVEHEEIT O &, Fr v REHRKIC BT 2 BRSO Ak 2+ REcx e e
DAMREMEDR H 1, FEFRE U TR AR OV IR 5 2 7 < /TREMED & 5,

(3) NTBC B TIL, 3 2OFXSy (0~6 B A, 6~24 B H, 24 7 AKE) T, KFERIZEEN
BLGENRG SN ABEEIEH DD, FEHRS T EOBRGEIIRELSEbR)I o7, HEDOH
EIZBE U CITELRR N T A — 2 — 2 BRITR AR 2 LR H 5,

10
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1.85 FRALDIERVZDOHRERL
1.85.1 ERLDZEE ()

[ EoaiE]
1. BEEREARNEER
(1) AANZEZET v miE TRIOERIE, &F ey UE TR X e, IFEE, I
WA, BRENEETDZENRESNTWD 20, ATREARR Y REICHGRT 5 Z &,
2) MiEFFr T AREDO EFRICK > TIREERH LMD T ENH DT, LD RIZHE
2oz &, (TRWEH] 0EZHR)
1) ARANC X 2 1EEAANCIE, IROMBATEMSIREZ T2 Z EREE LU,
2) BEVEOEREGRA M O B OBIEICEF T 2BICHER T2 L 5 BFIC i
T5HZ L,
3) BAEICK L, IREEOHHIEREZFTIIL, Z 6 0ERPRD b -GE810iE, &
HICEIREFICHRT 2 X985 &,
4) IRFEEOVHPERIGED SNZHACE, IRFIEZZ2 S8 5753 Sl 2 0@ 217
Ik, T, BRERIEOIESF 2GR L, mighF o U gEEET D 2 &, ((H
- AEICBEET 288 EoER) 0ESBH)
(3) @mFuTUME 1 BOBFIZEO CIIFEEMER AT L 2 s Tnd iz
O, IFEEREMRA K TG RE 2 EHAIAT) 2L, -7 = b T A MED EF7 KT
JHl S /NS ET O FT RS A BT BB TlE, IFEMEEROREZ1TH 2 &,
(4)  AFIOEG Tl M O A IMERE O EHI A Z21T 5 2 &, (TRIER) OES )
(5) AAOEBMER (THX) BT, b hOBEKEMAREE TES A& CERTEENHRE S
NTND DT, FEIR TR L T2 ATREME O & 5 i AT X, 1R LB SN fERRTE
LD LB ENDERICORFEETE I, £, HIR, HRL O D ARERO H
% b N SATATHRT 5 AR O & B I NIZ B G- 255120, HiRP o 5T 2 %4
PEIIHESL L TV RN, RANC K DMEEFFTEIEIC DWW T+ 5 2 &, (Thkhm,
FElm, BRI E~OES ) OHESM)

2. FEAEAEM
AFNZ in vitro |2 T CYP3A4 [Z L W RET S 5728, CYP3A4 OBREH X FEEA] & HFH
THEEE, AERASNNEL 2D AEEND 5, ([FEpHhie) OESM)

3. EIEH

HARANDOET v v ME 1T REBE 162G e 388 & U CRlth S vz NTBC #lBR K& OV
SN E B 22 VRS ST D (2B 1 2 G T L O ICTB W T, EREVEME LT, IR
R, I/ BAE, AIMERIBE, FERIERBUDE SR STz, (KB - 2014 F@ H)

11
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1 1) NTBC &R 291 1], ZeetEiBnekdEF (1991 452 H~1997 4= 8 ) 24 5, &H
W22 EVERCHTEE 97-98 (1997 4F 8 A ~1998 4= 12 A) 266 i, EHIZ MKk
B 99 (1999 4= 1 H~1999 45 12 H) 282 i, IR L &M #rlis 00-01
(2000 41 H~2001 44 H) 318 il (Fed#5-HIM Z LI 2 H e HE5 L
TW570, FUBENMMEEOREEICENTHENRE 2> TV DIHERH
%)

(1) BEXRZEIEH

1) REEE gk, ABNRE, Ak, A, BFE (% 1~10%K052), IRE%k (0.1~1%
K 2) HOREENH LONDZ ENHDLDT, BIEE DT Z &, BENR
ONT-HEICE, BFREDOIESF 2R L, WURMELZIT) 2L, (HE - AEICE
YA EoER) KO THEERERWEERE] OHSH)

2)  /BRIBE, B IMERBE, BURIERECE i RBAE, B IMERBE, BRI ER
E (B 1~10%KTETE D) NSNS ZERHLDT, 8L H45I1ITV, BN
DO AICIE, WYRAEETTH Z &, (THEZERIERER] OBESH)

(2) ZothoEIER

0.1~1%%2

MERVLY VNREE i BREE IE
RERVE THEMBES | FIPMRER, s, % 98
T 2) BRMNTSH SCEOREHEL

4. Uthm, PEE, RIIWMEF~ORE

(1) b« 0w TR LT 2 ATREME D & 5 s N ITIE R LA IEN etk % Enl s &
W SN DG AEICOREET 52 L, BB (TV3F) 280 T, b MORKAREZ
TS HETHGEIEMR (BREE, W=7, HEEEMRZ) NREsnTns, £7-,
B EER (w7 R) TiE, b FOEKHELZ TESHETRIEENE (B{LEIE) s S
NTW5, (THEEREARWEER] OESH) ]

(2) =23 : AFBEEF IR EZ T IESEE 2 &, [RLTOBRGIC L DAIRICHT b2
RS STV, E72, BERER (T v M) 1I2B8WT, BRE LcEts LTAakE
IR & OMEERD BHE SN TN D, ]

1.85.2 FHALDIEE (F) DERTHEN

BELGEARMIERIZONT

(1) =F/ ORENEEIC X 5 FMREY O AR O RIS 1L, Z Dtk 0 BE OHIER 225,
PR, A AR OBIRBOIEICENS Z Evn, RHREOEREEZRE LT,

12
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()  AAFEGERIZE, BREICEET L0 LW AEEFEERE UTHIRE, %0, I, AIRE,
RO IR & WV T IRIEFE SR E SN TVD 2 E N HRE LT,

()  mFE M IV TIIAF MRS S AT 5 ATREMED 6 2 T ORRE LTz,

(4)  AFEEERIE, BEICEEST L0 LLVRWAEFEFRSR L LTV IMIBAE, B i ERBA AE
KO A MERIIER R E SN THWD ZENORE LT,

(5) RARIZEBNT, ARG SN TWDS Z L biRE LT,

HEERIZDOT
AFNT in vitro \2B W T CYP3AA IZ L W RSN AT-OFRE LT,

BMERIZCDINT

RIERIZDWTIE, NTBC sk M OVESE I Z MR 5% [INTBC #RBRICN %, NTBC
B ORIz, 2oy v axr— ha—R L LTNTBC #BEAREERCT=F L/ v ofh%
2T T2 24 Bl OV (MBI ER) (5.3.54-1) KUYNTBC BRI AL DAL
WD BT 2001 -4 A TIZ=F ) UG EZT 2T X TORBEOREMEER (EHN
LAMERCHT S ; PSUR) (5.3.5.4-2,7,8) ] THir SHRIEINCEE D & Rodk L7z, BIWEMIZ, NTBC
B O %G LRI PSUR 51281 2 M2 I LT D Z LD, 1991 422 H 25 2001 4F 4
H & TOHFEEOBRWER IS OB G RIEG 245 Lic T —ZITFEL R, £z, &
BIVER ORBAEE L, BONGRACE (SmPC) 4.8 Undesirable effects (255D TRoa#k L 77,

(1) ERZ2EIEH

1) AFNTT v v REESRE CThH D HPPD #[HET 5720, AFloFGIZ L0 mfEfFa v
VIREN B L, IREEERS LD Z LMD D, NTBC stk & OMESN E B 2 Mo s 2
IZBWT, REHOIREFICET 2 FRIIFEE L REIN, AFRELEEHD LHEINT
W5, IREEEOYHIER AR bNGEI0IE, RERIEOBETZHRAL, REEZZ2Z23E5
72 CHEE R AVE EAT O MERBH D Z LD, EEMEOORE LT,

2) M/ RIRAMER, @TF > CfE TRICEW T, JREEIC X D ERIERO—>2 & LT
SNDHELTH DN, NTBC RER K OIS E R BV s S B W CEERBIEN & LT
WS, ARG EORBERIIEETE VW EHEIN TS, HIMERBUE, Bk R iE
X, FEBTIIRE SN TR LT, NTBC sk &k OB E IR 2 SRR S 12 38 W CORAIR
5 L OREMEIIAETE RV EHESN TN D, M/ IMRE R O A MR R T 13RO b GE
WL, BEOIRALEEITOMENDD Z D, EEMEDT-ORE LT,

(2) T OO REITER
NTBC 75k K QNS E 00 22 VR 55 T S RIER © 5 B EKZ2EIWER &2 Rz
FRAEHEH LT,

13
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W%, Eim, REGEFEAOREIZONT
BRRBRICEB T, BRTEIEN, RIE#EMESHRESh TS 2L, BflafrLiesmite LTHA
IR K ORI 8 i S TS 2 EMBRIE LT,

14
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1.8.6 SEXH
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1.9.1 JAN
SRR 18 A 4 H 5 HAFRRAFRA I 0405001 (2 KV lE S iuis,

JAN :
(AA%) =Fv /v
(& 44) Nitisinone
RIS
O O NO,

1.9.2 INN

r-INN : nitisinone

{5744« 2-[2-Nitro-4-(trifluoromethyl)benzoyl]cyclohexane-1,3-dione

WHO Drug Information, Vol. 12, No. 2, 1998, RECOMMENDED INN List 40 |Z 7.8

T AT T ARUER

1.9
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A H A T 5 0405001 &
Rk 18 4 4 H 5 H

FEM A TER (R) & &

u

JEA G B AR 1= S i R e A B AR R

=1

B2 3R b D —fIRAYAL FRZ DV T Gl

A, RS REA T A OB UTIEEOH Y E LIEWEICOE E LT, Hik
(C—RIA AR ZRHIR 1T KOME 2O LB EDE L2OT, @THO L, BERGTHIC
JAFTT XA L < EIEERE 720,

BIFR 1 ¢ RIS PR I BV Cifam &2 1572 JAN
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2-[2-Nitro-4-(trifluoromethyl)benzoyl]cyclohexane-1,3-dione
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T
@) Cﬁ
ThHE - ZhR T v E 1A
F - B WE, =F3 /LTI H Imgkg % 2 ENZNEILCROKE TS, v, BED
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B3R D igE
FK = Fv
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i i | e e b h [ FeATR
<A | 4 | O 3, 200 | >30 mg/kg : AFHIAEAR K
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ZEMERHT IR 00-01 (2000 4F 1 H~2001 4 4 H) 318 4 (Zpf# 514
M2 L MEEREEHF L WD 0, [ CRENEROMEEICE
WTCHHAEXNR L > TV AEENH 5,)

mIEH
1~ 10%Ai 0.1~ 1%ATi5
MR O > | I BE, A | i EREE IE
PR BRIBVE, TERIERIR
DI
AR P 5= FEIELE, AR, f4 | IRIBR
g%, 7&BH, ARJm
R M O T FIBLE R G 9%, AL
E Rk P W5, IEIE
2t T AT T AR S A

T AT T AR




1.12
MMIEH—R

—Fv/Y

ATEHM—E

T AT 7 AMERARA



38R

mBICET AXE
3.2 T—AXRIIMEE
3.2S JRZE

1.12
MIEH—E

SRFESH AT AL -
H[ A = sp 2 o s SER g B 5 2k BELE
CTD No. E(l_l :-%’575‘ & /r }‘/1/ %’g %ﬁm%ﬁr‘ﬁj ﬁﬁﬁ%mj}iﬂ]ﬁ (W, /ﬁﬂ‘) *’%%}ZW %i*/{'@
PN T AT 7 AR A
3.2S.1.1 — :7—;/ s BARAES e TERT B Swedish Orphan Biovitrum AB sk — FEAME R
el 4R ——
S 7 27 5 A AR
32812 - :H&“Tﬁﬁ& %ﬁ BARAES S PERFFERT [ & B Swedish Orphan Biovitrum AB HEo — SEAE B
' - |
I 7 A7 7 ATRHAATE
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3.2.5.23 — B Rl HAAES & Rt e T [ K B Swedish Orphan Biovitrum AB HEst - A A
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=g ) Lk 7/7:'7*?7\@32ﬂ3f§%ﬁ: . o : o
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flli
=F ) vHh7EN2mg, [Fbmg, [F10mg |7 2T T A BERAS
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REaJFE R o~y F—var (R
=F ) v HFEN2mg, [FSmg, [[10mg |7 %5 5 2 sk St

32pP44 RN O B BEAiAHS  PPERTIERT B K Swedish Orphan Biovitrum AB 2 AP
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T AT T AR
BARAES D PETIERT
B =Fv /) A7 EN2mg, [F5mg, [F10mg S S e A STk _ S (0 0
32A3 g e T B T AT T AR A 5[ REAT TR
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Inhibition of 4-Hydroxyphenylpyruvate
Dioxygenase by 2-(2-Nitro-4- Ellis MK, Whitfield AC, Gowans Toxicol Appl
42111 — trifluoromethylbenzoyl)-cyclohexane-1,3-dione |LA, Auton TR, McLean Provan W, — Zeneca Central Toxicology Laboratory HEF- Pharmacol. SEEFR}
and 2-(2-Chloro-4-methanesulfonylbenzoyl)- |Lock EA, et al. 1995;133:12-19.
cyclohexane-1,3-dione
INHIBITION OF RAT LIVER 4-
HYDROXYPHENYLPYRUVATE Date of Issue:
42112 | I [poxyGeNAseBY sc-0735 INVITRO: (I " [ICI Central Toxicology Laboratory ok — BE R}
CHARACTERISATION AND KINETIC -
PARAMETER ESTIMATION
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Tissue distribution of 2-(2-nitro-4-

trifluoromethylbenzoyl)-cyclohexane-1,3-dione Lock EA, Gaskin P, Ellis MK, Toxicology.
421.1-3 4 Yo-cy .=~ °“|McLean Provan W, Robinson M, — AstraZeneca Central Toxicology Laboratory HEF- 2000;144:179- | &=H&H
(NTBC) and its effect on enzymes involved in .
. L Smith LL. 87.
tyrosine catabolism in the mouse
TISSUE DISTRIBUTION OF SC-0735 AND Date of Issue:
42114 ITS EFFECT ON ENZYMES INVOLVED IN F " |zeneca Central Toxicology Laboratory %4 — BB}
TYROSINE CATABOLISM IN THE MOUSE -
Tissue Distribution of 2-(2-Nitro-4- Toxicol Aopl
trifluoromethylbenzoyl)cyclohexane-1,3-dione |Lock EA, Gaskin P, Ellis MK, Pharmacglp
42115 (NTBC): Effect on Enzymes Involved in McLean Provan W, Robinson M, - Zeneca Central Toxicology Laboratory sk A ama. | ZEEER
. ; . 1996;141:439-
Tyrosine Catabolism and Relevance to Ocular [Smith LL, et al. 47
Toxicity in the Rat ’
TISSUE DISTRIBUTION OF SC-0735 AND Date of Issue:
4.2.1.1-6 ITS EFFECT ON ENZYMES INVOLVED IN F " |Zeneca Central Toxicology Laboratory 24 - DHEEHR
TYROSINE CATABOLISM IN THE RAT L
Pharmacological correction of neonatal lethal |Grompe M, Lindstedt S, Al-Dhalimy Nat Genet
42117 hepatic dysfunction in a murine model of M, Kennaway NG, Papaconstantinou - - o4 oaeann | BEER
. . . 1995;10:453-60.
hereditary tyrosinaemia type | J, Torres-Ramos CA, et al.
Long-term therapy with NTBC and tyrosine- . . Mol Genet
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2008 010 626 ’ o
TEMR R
5.3.6-6 B Pe.I’I.OIdIC Safety Update Report for ORFADIN g o ;e Orphan International AB 2008.02.21 — 24N — BEGFR
2009 010 666 (nitisinone) volume: 6 2009.02.20
E el
5.3.6-7 AT Pe.”.o.d'c Safety quate Report for ORFADIN Swedish Orphan International AB 2009.02.21 — sk — ZEGE
2010 010 711 (nitisinone) volume: 7 2010.02.20
o o
Eéﬁéﬁgi@ Periodic Safety Update Report for ORFADIN |Swedish Orphan Biovitrum 2010.02.21~ . -~
5.3.6-8 B RS g lume: 8 ional 2011.02.20 - sk - ZEGR
2011 010 735 (nitisinone) volume: International AB 11.02.
y TE IR 2241k |Periodic Safety Update Report for ORFADIN  |Swedish Orphan Biovitrum 2011.02.21~ - = - e
5369 HATERGE | (nitisinone) volume: 9 International AB 2012.02.20 il BERH
) EWIR 224 |PERIODIC SAFETY UPDATE REPORT For |Swedish Orphan Biovitrum 2012.02.21~ - . - P
53.6-10 BT |ACTIVE SUBSTANCE International AB 2013.02.20 2 BSRH
TE B2 A 2002.1.18
5.3.6-11 BHr#Ei  |Periodic Adverse Drug Experience Report Swedish Orphan International AB o — 24N — BEGR
2002 010 247 2002.3.31
EMI 722 2002.4.1~
5.3.6-12 BATERE  |Periodic Adverse Drug Experience Report Swedish Orphan International AB o — 24N — BB
2002 010 258 2002.6.30
TE R 22 A 2002.7 1~
5.3.6-13 BT |Periodic Adverse Drug Experience Report Swedish Orphan International AB " - iZ4 — ZEER
2002 010 273 2002.9.30
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TE M 22 A 2002.10.1~
5.3.6-14 B |Periodic Adverse Drug Experience Report Swedish Orphan International AB e — 24N — BEER}
2002.12.31
2003 010 290
TE 22 A 2003.1.1~
5.3.6-15 HATHGE |Periodic Adverse Drug Experience Report Swedish Orphan International AB " - ok — BEEE
2003.3.31
2003 010 338
W2 A 2003.4.1~
5.3.6-16 BHr#i  |Periodic Adverse Drug Experience Report Swedish Orphan International AB e — 248 — BEGR
2003 010 367 2003.6.30
EWI 722 2003.7 1~
5.3.6-17 ATEGE  |Periodic Adverse Drug Experience Report Swedish Orphan International AB o — ok — ZEGE
2003.9.30
2003 010 391
TE 22 A 2003.10.1~
5.3.6-18 AT |Periodic Adverse Drug Experience Report Swedish Orphan International AB e - IZ4 — ZEER
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5.3.6-19 B |Periodic Adverse Drug Experience Report Swedish Orphan International AB " — 24N — BEER
2004.3.31
2004 010 469
TE 22 A 2004.4.1~
5.3.6-20 ATHGE |Periodic Adverse Drug Experience Report Swedish Orphan International AB e - sk — BEEE
2004.6.30
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5.3.6-21 BHr#Ei  |Periodic Adverse Drug Experience Report Swedish Orphan International AB o — 248 — BEGFR
2004 010 500 2004.9.30
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2004.12.31
2005 010 521
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male volunteers.
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. de Laet C, Dionisi-Vici C, Leonard
5.4-1 Reco.mmen.datlons for the management of IV, McKiernan P, Mitchell G, Monti sk Or_phanetJ. R-are o
tyrosinaemia type 1 Dis. 2013; 8: 8.
L,etal.
. J Inherit Metab
5.4-2 Outcome of tyrosinaemia type 111 Ellaway CJ, Holme E, Standing S, HEF Dis. —
Preece MA, Green A, Ploechl E, et al. 2001:24:824-32
Complete rescue of lethal albino ¢**“°° mice by
ngll mutation of Q—hydrc_)xyphenylpyru_vate Endo F, Kubo S, Awata H, Kiwaki » J B|.0I C.hem.
5.4-3 dioxygenase and induction of apoptosis of AN 1997;272:24426 —
. . o . K, Katoh H, Kanegae Y, et al.
hepatocytes in these mice by in vivo retrieval -32.
of the tyrosine catabolic pathway
Garcia Segarra N, Roche S, Imbard JDIir;hezrcl)tll(;/-le;gb
5.4-4 Maternal and fetal tyrosinemia type | A, Benoist JF, Greneche MO, Davit- sk su .I 3. 52507_ -
Spraul A, et al. PP 1(')
. . J Neurol
Peripheral neuropathy as the presenting feature Neurosur
5.4.5 of tyrosinaemia type | and effectively treated |Gibbs TC, Payan J, Brett EM, i Ps chiatrg B
' with an inhibitor of 4-hydroxyphenylpyruvate |Lindstedt S, Holme E, Clayton PT. 1993}/'56'1129—
dioxygenase. ’32'
In: Scriver CR,
Beaudet AL, Sly
WS, Valle D,
eds.The
5.4-6 Tyrosinemia and related disorders Goldsmith LA, Laberge C. sk metabolic basis .
' " of inherited
disease: New
York: McGraw
Hill Inc.,
1989:547-562.
Pharmacokinetics and pharmacodynamics of
NTBC (2-(2-nitro-4-fluoromethylbenzoyl)-1,3- BrJ Clin
5.4.7 cyclohexanedione) and mesotrione, inhibitors [Hall MG, Wilks MF, Provan WM, Widh Pharmacol. _
' of 4-hydroxyphenyl pyruvate dioxygenase Eksborg S, Lumholtz B. " 2001;52:169-
(HPPD) following a single dose to healthy 177.
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In: Fernandes J,
Saudubray J-M,

Tada K, eds.
L Halvorsen S. , Inborn
A4- T . i . -
5.4-8 yrosinemia sk metabolic
diseases: Berlin:
Springer Verlag,
1990:199-209.
Tyrosinaemia type | and NTBC (2-(2-nitro-4- ) InhelzjrilVIetab
5.4-9 trifluoromethylbenzoyl)-1,3- Holme E, Lindstedt S. sk : -
cyclohexanedione) 1998;21:507-
4 ' 517.
Identification of NTBC metabolites in urine .
from patients with hereditary tyrosinemia type Rapid Commun
. P . Y . w Herebian D, Lamshoft M, Mayatepek e Mass Spectrom.
5.4-10 1 using two different mass spectrometric . HES -
. E, Spiekerkoetter U. 2010; 24: 791-
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- 800.
Orbitrap
J Pediatr
Pregnancy in an NTBC-Treated Patient with Gastroenterol
5.4-11 Hergedita y Tyrosinemia Tvoe | Kassel R, Sprietsma L, Rudnick D. HES Nutr. —
v w Published
Ahead of Print
J Inherit Metab
5.4-12 Tyrosinaemia type I-an update. Kvittingen EA. s Dis. —
1991;14:554-62.
Biphasic reduction and concanavalin A Lahdenne P, Kuusela P, Siimes MA, 3 Pediatr
5.4-13 binding properties of serum alpha-fetoprotein |Rénnholm KA, Salmenperé L, ok Ar oo —
- . L 1991;118:272-6.
in preterm and term infants. Heikinheimo M.
Effect of nitisinone (NTBC) treatment on the |Larochelle J, Alvarez F, Bussieres JF, Mol Genet
5.4-14 clinical course of hepatorenal tyrosinemiain  |Chevalier |, Dallaire L, Dubois J, et A Metab. -
Quebec. al. 2012;107:49-54.
. . . Proc Natl Acad
h f h . . ; -
5.4-15 ?:Otsiﬁ:r:gmlc defects in hereditary Lindblad B, Lindstedt S, Steen G. A Sci USA. -
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S L Holme E, Lock EA, L .
5.4-16 inhibition of 4-hydroxyphenylpyruvate indstedt S, Holme E, Loc ' - ancet -

dioxygenase

Hjalmarson O, Strandvik B

1992;340:813-7.
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Expert Opinion

5.4-17 Nltls!nong for the treatment of hereditary McKiernan PJ. Widh on Orphan
tyrosinemia type I. Drugs.
2013;1:491-497.
L . . . Mitchell G, Larochelle J, Lambert M, e N Engl J Med.
5.4-18 Neurologic crises in hereditary tyrosinemia. Michaud J, Grenier A, Ogier H, et al HEF 1990:322:432-7.
In: Scriver CR,
Beaudet AL, Sly
WS, Valle D,
eds.The
Mitchell G, Lambert M, Tanguay thféizfe!:cBaaZis
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5.4-19 Hypertyrosinemia RM. HES of Inherited
Disease, 7th
Ed.: New York:
McGraw Hill
Inc., 1995:1077-
1106.
In Vitro Inhibition and Induction of Human Drug Metab
5.4-20 Liver Cytochrome P450 Enzymes by NTBC  |Neat JN, Wolff A, Kazmi F, Prentiss sk Rev.
' and Its Metabolism in Human Liver P, Buckley D, Wilson EM, et al. 2010;42 Suppl
Microsomes. 1:115-6.
Long-term patient and retransplantation-free
5.4-21 survival by selected recipient and donor Seaberg EC, Belle SH, Beringer KC, Widh Clin Transpl.
' characteristics: an update from the Pitt-UNOS [Schivins JL, Detre KM. 1997:15-28.
Liver Transplant Registry.
Tyrosinaemia type |: orthotopic liver van Spronsen FJ, Berger R, Smit GP, J Inherit Metab
5.4-22 transplantation as the only definitive answer to |de Klerk JB, Duran M, Bijleveld CM, HES Dis. 1989;12
a metabolic as well as an oncological problem. |et al. Suppl 2:339-42.
Hereditary tyrosinemia type I: a new clinical  |van Spronsen FJ, Thomasse Y, Smit Hepatology.
5.4-23 classification with difference in prognosis on |GP, Leonard JV, Clayton PT, Fidler st 1994;20:1187-
dietary treatment. V, etal. 91.
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5424 rosmaisype 11 i exprince, [VEFSETan W, Sl A, Ketktove O Psyertiet
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5.4.25 The occurrence of hepatoma in the chronic Weinberg AG, Mize CE, Worthen sk J Pediatr.

form of hereditary tyrosinemia.
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