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Sildenafil for treatment of lung fibrosis and
pulmonary hypertension: a randomised
controlled trial.
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Sildenafil augments the effect of inhaled
nitric oxide for postoperative pulmonary
hypertensive crises

] Thorac Cardiovasc Surg 124(3):628-629,
2002

NT T KT B R L D FEIE D
st WA NO(—ER L 258 E A A i
w5

BE IR PZED 9 2 A B IR T, 16-mm LA E2F T 8RR o
RRTFWE T T, WHIBORD, F—330 7 pg/kg/min, 34U 0.75 4 g/kg/min,
Aym=ry M0, 1mg/ke/h, 7z ¥ =V (GEERIR)20 1 g/keg/h D% 5 RO pHT.5
Ll k| PO2 200mmHg LA E OSSR IRE &R M L7z, ZBMRE Y 17mmHg, FBIIRE
77/44mmHg(F3) 54mmHg), 25 ML L 91/38mmHg(CE¥ 5TmmHg) Tdh o1z, FAHF 2 B
il NO(—ER{LER)BAIZLY, S MENIRE RN 31%D L, BERE 20ppm
TEHELTZ, ThBOLEICLED L B ABRAFICMi&E MENFRLUZ, BRAER
Atk 4 BREERGL . MAE T IV AT F 70 0.3mg/ k) 52 MEITUFFE S, Dl
o, BB, REHME~OEEEDPI, MBRERD ST EL Lo, VT F
7 40(0.3mg/ k)3 D 4 B IR G ahiz, KRENBRAE T Tomoig iz,
FiE LEA MR BAeh o7, % 7 B Bic~ra=y a&xH kL, NO % 20ppm X 4
HR#, 15ppm =3 A, 10ppm X1 A, 5ppm X5 H ., 3ppmx1 A Mtk (D SH,
15 B Bz 4 EIC B I A CREEICHILUis, ZORBHM S, FH L LT 60%~70%
EHERS LI, 5% 21 BB CHREL, LFF 70Vl 22 B BicH kLT, Yoo
Bl I L% 36 BRI ST, $iE% 23 B BItMBIRS 7 —F v 4400, A | ICU 5B
Heirol,

Bigatello Luca M et al.

Sildenafil can increase the response to
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Circulation 104:1218-1222, 2001

DR B L E RSB DR A A2
AR AL AT T AN OHAZIER

B iiE mEPPHAE b flIzBIIER A nA R O VT T 74N 2R LIE
BORAHHEZONTI rRA— N —FEBRIEI IVRT U, BEBREBR A a7 X, v
FF TN AnTaAN VT F A VBFROIRICITO, B 5Bk n7aAl 8.4~

10.5 g, YNVTF 740 25~100mg &L, TNENOIYIH G- % 120 53 oM & T
(PAP)ERRBFICIIE LTz, S VT 7 /L3 WIE] 25mg $& 5-555 30 4342 25mg, ZhHAS
RBOLNRNBFELIZ 0 HRICT0mg £ 5 Uiz, MIER T #, MATHE S A-2RIE
HEIZEEE, ROFBHTORBRERSEL, 2T T 7V ESRBER O a7 oA M
Hp3 30 e EEL ShaFRRERE UL, BAAaT axh o7 7 oV Bk 5
BB BRA L LB S . A2 7 AR VAT F 7000 PAP SEMR RN, 9.421.3,
6.4+1.1 LA AN 5RO BB B AT B LT (P0.05), AT 7 B
TOWEI PAP JEDHAIRIL 1171 B 0 26mg 5% TRbL A& o7z, —F . SFAREBRCO
PAP SEBIRAIRIL 13.8+ 1.4 & A7 A NEARE 5.0 9.4+ 1.3 L HARL THE I K&
-72(P<0.009), RER T, LHik, £ MEOEL, BEELRERIIRDLONL T2, &
NHDRERNG, RO EMERE B ARAA T AN AT T4 Of R
AR THAHZENTFBRENT,

Schumacher Yorck O et al.
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pulmonary hypertension

Clin Pharmacol Ther 71:398-402, 2002
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Oral sildenafil is an effective and specific
pulmonary vasodilator in patients with
pulmonary arterial hypertension:
comparison with inhaled nitric oxide
Circulation 105:2398-2403, 2002

RO VAT 7V B RE £ R
(L& CH B2 M E Il A& YRR T D
A NO(— B {2 F)E D ik

EELMELEEPHDOBE O FRIIFR THE, FTROFMEEROEEDD, |
A—BRALERNODME F& I T 23R IR B i B SE8R 3 o0 S 34 i R B HE SR 4 FEHiE L
T B BURAKR S AT 5 —PIHEE CTHOHVA T F TN OR A RGN INO ORETH
i RERRCHHLDORBAE I T, DIFBHNAE FIN QA E 13 4442 B,
e 4 ], ot 9 PR RRETLI, BFEME PHT O 4, ISR & hE 2 1, 5564 PHT 2 41
Thol, MIKHIHEE cGMP HLIEE, N — T8 INO(BO ppm), T AFF 74 N(75
mg), INO+I A FF 7 4 DB~ RGBT, fE R i & E oK T,
INO(-19 £ 6%)& 2 LT 7 4 )UA(=2T £ 3%) THELL T3, b T 7 4 /L+HNO(-32 £ 5%)
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Sildenafll in the management of primary
pulmonary hypertension
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TR B P i o LR S O VR IR BRI 81T B
IWFF T4

W H ORARE N EBECH A RS R 0 EEAE 2 flliBs s T F o O R
Pl BR& 5, ) 1G0 BAHNII AT LFERIET e ) Uo7 Pa%y
v FIRIBBIC LA ORERIME L, 7YY B 1E 2.5mgh 1 B 26 15mg
LW LTz, SRR R A B OB A SR LT A, T EIN C ma—a— 2 LB
LHERE T AWV BEALREIZEL LT, ZOBRET, BA T axs Y A2V 3HEETHD
RZ7aAM B 4 H 10w % BNEE L, &2 BELICHEL, RAWEO 1 H 2400 g
FCRE U, 2 W ABRLUERALNT . VAT T 7001 A 3EoBRE2BBL. 1 H 4
[B] 100mg FTWHE L7z, 7LD A3 lGL  FIURIKIE L=, BB dEL, FRIE
BOVNTFF 70 BEREE 6 7 Ak L2 % ., Do —#R3 ¢ 44mmHg O ITBMRIE S
TRUT, EM 2 BT B & BEORE AN LEHET Lo 1 H 2 E 15me) U
ERifn BRI L ATRIRA B MA LT, 1RIRBR A5 6 B BN L T — TN EELDIRLUIZE A, i
Toa—RAE LI MBI R ALOMEL S LN REICEE L AL, SRR
FERFEELI, SNFFI40% 1 B 3ERAERE LR AREICHRENRL LN, BB
EWL OO R, Do — R CA BIE R M2 130mmHg 25 68mmHg £C
WA U, ZoBE 2 FlTRE ORBIRCKUSRARL ThH o, VAT F 742D
EER BB B A R U, BT, SRR LEEICB B F 7 i, 8B THSS
THHMRENT,

Lepore John J et al,

Effect of sildenafi]l on the acute pulmonary
vasodilator response to inhaled nitric oxide
in adults with primary pulmonary
hypertension

Am J Cardiol 90:677-680, 2002

JRFE MR I R YT RE 1 381D NO(— ik
(L2 580 AT 632 R it i AF SR
WEDUNT T TN DR

VAT T ANBEMIBW T EEEER AR L, BA NO(—E{LZE RO ik
REMREHIML . NO AP ILBOME M EDY AT REFEHT 80, e TR
WX TEM, AFE Tld, Massachusetts General Hospital (2 3Bz 77 JRU S vk il & i JE FR 3
9 BRI T T 7 00 50mg # BANCRER D IRE LI BBEB A NO LA L 7B ik
BHEVERNC DWW TS T2, TR B, REMERE ML bl | FRU LR
L. JHEhUREDS R AR 26mmig EUVVHEEHEE /2L iz, BERTD KK IFREE, 5 470
90%02 FER % 5 43> 80ppm NO T AFEE #, Bz, NO IR Al 5 43, 10 45, 15 434
Wi SR RO BRI . il B M EL 7o, BIZ, AT F 7405 1 BRI, NO
WA, NO BRI R 5 4y, 10 43, 156 53 % ICIGE LT, S52R, IRFEPEE ILESERE 9
Bl ~DNVFF 74V BRI ST, il 2o FIEE5 &R, DMREaE ST
7o NO AL GRS U BICIE, SV F 7 4018 NO o fili i & P8R 1E A & 83 - i =
VT T AVIETEE T C NO B ARIZFE AT BY /0 R Th DM i B LA T8
L7z,

Ghofrani Hossein A

Oral sildenafil as long—term adjunct therapy
to inhaled iloprost in severe pulmonary
arterial hypertension

J Am Coll Cardiol 42(1):158-164, 2003
BEiEM@E i ERE BB a7 a A NEA
HOMBIRELL TR AT T 7400
s

(NBIA e AR AR G B CEORIBIBL M@ KT 50T 70
AR NEGHEASRERF LU, DFEM a7 oAb E R AFRETITH O 12 filE R
o A7 aANME SIS LS, VAT F T VR 12 r AR A RS LS, R
FrAMEEFIO 6 RAITHERNT 217231Im T, A7 AN 5SS L RO 3 4
AT 305 £28m ([ZBEEL AN, TOH%IEILL ., 184 5 A #%I% 256 £30m Tholz, VT
FI4NGFRR G L0 BITIRENT 3 4 A 1T 346 +26m LB EL 12 H A BHL R RITE
LTV 72(349 £32m, p=0.002), ==—F— 2.l RESEL VAT T 7o 51280
HEL, MM EIERLE ERWELR12(0=0.036), JFRRET 2 FIAM%k CRHLLE
N, TOMO BELRF EFEITRO Rk, (BRI axs /(R GHchhnbs T
FERAEAL L i I E A IH LT, VAT F 740 ORI SEBhE e h & i
MATEEESE T b0 L Bbhs,

FOM(FSRREFRY)
g MEEA ~N—-U BITERE | RRNA O <) —
WL #E] il MiE M EERE TR RIZ, LT F 740 26meh 1 H 2RI AOKEL, 20t R

2 3 Ffim 0 ERE BRI s —ARRAR

&30 3 % 0L MATEBROEAL A LY T —F A REBIC IV L, Y AF 700
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1(Session 1-1) i@ fLEEICHT500

DA R, KBRELE TS, BERIESELETSE, LRKoO®EN, ifh

FF I ANR RO BRI BEMIE T U, BYHRLLC, BREROZFR L WELEDFHAEOEENLOLN
Tro BLEDIE RIS, KBRS WA LRI IV N T F T AN OFIEEELITHR
SETAZEBNVETHHELLIC, BRFHEVE AR A OB BEARBL AN,

AR & i MRS MLERE 2812 LT, 1R B AFF 740 50me#, 28 BT 71

2 3 [l E i AR RIS — RS
2 (Session 1-2) #BE3e M i i FEAE 5t
<45 Sildenafil & Beraprost Sodium ®7@a¥k
RO

A0 p gm B EL, FORMEMAE SISO LBEITO, REBIRIZOWCREL 72, #f
RSB I FEOE TEEBOALOD, VAT F 7OV ARE TS 7a M
Fo ~HE R E A T &89, SESMEINRE 2 T &8, AT 70/ Wd<I7axh
L AERBEIEL, JVBIRICHBIIRE A IEIRS Y 572, BeRstilid mERE I
KRR chrEBbhi,

Schulze~Neick 1 et al,

Intravenous sildenafil (Viagra(R)) and
pulmonary vascular resistance in children
with congenital heart disease

Eur Heart J 22:76, 2001

SR DEBER T A/NRICRBITAETE
TP T AN AT I T L B HEST

F RV LR BB IR AR B IBHPVRIOBEINIHN % B AR BLIE T RIS L TRA
LUTHERIAVERTHY, TN EICBIT5—B{L B R NO)DFEA R AN L
TUVH, NO DR AREDMOPFNENM: NO BEAEZE-T HIEREDTHHI LML TS
M, ERLOERIE—E TRV, 4|, ERELFEROWELERELH 35/0R 11 4]
(0.32~15.4 B Z X BRI —F L O LI F—FNRERO MM E BRI RIF 4 RR

AT AFF—Y 5 BBRTHENT 7 VOIERERF LT, A A TE A 3
EL, & ER BRI B D Fio2(0.65 KRR T L7 7 44(0.33me/kg/10 3 B Y
0.66mg/ke/10 4P)FR R H 12 NOQOppm) 2’k AS B2, PVR (X7 4w O FRENZLOPEL
Tro FOFEE, P NVFF 7 4NENO L9 PYRIZ K ERE T 2B 725 L(P<0.05), $iZ PVRI
NP LRLERFHE Thol, Ul VAT F 7 oV id g i EEIC B THER
ERORIRE LB A A B2 M B ILIRIR Ch AT LAVRENZ,

Lepore John J et al.

Sildenafil is a Pulmonary Vasodilator which
Augments and Prolongs Vasodilatation by
Inhaled Nitric Oxide in Patients with
Pulmonary Hypertension

Circulation 100(18 suppl): 1-240, 1999
NTF TR I EAED B IS
WTRA—B LRI LD M E ILIRA 1Y
Mo RS W A YL IRE THD

R E L SLR S Ch AR A — R Z R INONT, B T 1B AN (cGMP) & &
By VNVTFF T 40, PDES 128D cGMP BALER 243, INO, AT 74RO
No+ VT F 7 4 O IMFTENRE ~O R EBA TN A2 | 21 Blofis B G PA
49+ 2 mmHg) THRETL 72, 13 HIo M B EFBAE i S 120 BRER), 8 #lTid>126
S LRE)Chotz, BEE, & INO BIE D 15 53O HLIZEY, 50mg DIEAY
NFFTANOEZIC. 290%02 & 80 ppm iINO 2B ALK, ZOFER, INO & INO+H/ AT
F7 b, B PA, Il RS, M IR R i RS AR T & T, Vv T T
A/, T PA I RS R (T 7228, i f A 4R/ A i B IR S A S T & e
o7z INO+H AT FTA4NE, FNENOIERMOBEL0b , il A S T,
DMREE FRENT, FEEIREIL, INO, VAT F 740 INOH AT F 74T EAR
EALDEETH o, vA70~ ) A—F—FHEB(HBIRE R R BEEG- LR T
—F T IR ORI AEDS INO S V7 74V CREILDFETHS
T EETRUTE, INO O A LR RO t1/2 133 A F 7 AT IR L 72(19.4 3.2 %
4.551.3 99, BAEEY, (DINO B VINO+ AT F 7 A MLRIRBI I S ILIRE T H B,
QYN FF T ANTIERIROIT B SR TH D, BT 7 4% INO O ffif 3 5
BEIRA BN EFESES, (WINO L3 )VF 7 4 VLD BRI S/ i IR RE 2 251L,
SR, ERERRLTE,

# DOl (Commentary, Editorial, News etc.)

FE ML U RITERY

FLENAEDOY <Y —

Sanjay Prasad et al.

Sildenafil in Primary Pulmonary
Hypertension

N Engl ] Med 343(18):1342, 2000

PRI B & MUEE B BT ST
V%

21 BB BN 3 FERNZh -2 Eb AR EREEL 4 5 A Ichiz AR B2 LICI 90m 2Lk
WA WRREC AR Lz, BERTE CIMMER MR O R ES B L Lie o7, oL
PR T RS A R & R B BRI R B b B T, A DB OYLIRA D
S, Fi-BRIEEE Y 120mmHg ThoTods, EOEITBEEEZHERFL TV, CT A%
CIEAL B O B EIIR D K E AL BAR IS 2 2D BT, D OBERFEIEE 1L, 7 4y MlooiEEh
#1Z 15.1ml/kg/ 5y Thhrolz, TR T TRE ) — )V OREFEA L BT AW -T2 7212, b
FATANACEBIEFRA AR 50mgl B 1 BISHMEL, BRMIIRITFThH-T, HE%
SREL 100mgl P 5 BOMESBICEFEL -2, BHER A ONeh o, ME— 0 G 3K
REBEDINT7U Thoto, 3HADBHCORBITRIFICEEL, @O 7oey
ZEEE 1 B TELLNTe o7, Hi-BIIRIEIE . 90mmHe T, LA OBER MBI
12 Sy BB 20.3ml/kg/ 53 Thh-oTz, IRFEHIZV T F =2 ml %729 183nmol(IE # &
1351 LATF)Cdholz cGMP 23, IGFGRIEDBIF /L7 F =2 ml ¥729 33.5nmol T/
TLTCW T,

Wilkins Martin R et al.

Progress in, and future prospects for, the
treatment of primary pulmonary
hypertension

Heart 86:603-4, 2001

SRR RS L AE ORI I Dl AR &
FRoBE

W BAER . BRI MLE E(PPHN L 7 I AZ YA YA S OIER SR T, & LTS
L7t i, PPH ST ASEOER A FRIRIE 2.5 £ ChD, T aXF AU A,
PPH e UM B IE 00 — YRV 8 i 0 FR 3 I B O CE B & I A TH R oS E AL 15
4, Linb, #ET Y 70 Az i3 50 ML oftlc, BB 72 Rk DY
FEDY A2 RLIEM: | 2 HPEARIMELE, BV, Kth, WL, B Y ORERRHS, B
1, R OEETHR T aAZ Y A7) FHEROBRREBED SN TS, FIBRELL
THBESFIZNTCOBDE, RV SR ERHRE VT T 7 VDI AR T
27 F—¥(PDE) IR EIRCTHD, Micit, NO(—BEMLE R My 2Rt~ 7~
DM VER AT 28K GMP 283813 % PDES 38 ETh 5, BIERIZB VT, &
BRSRIRSE IO PDES FRBIER T L A& TS TS E €7 V-7 %15
Lz, WD NO A RRBER 2 BEANC KL< R8T PDES [EE RS SUSERL, B
R GMP O OVERICHEF ELVEIERE RIEL TWAEBRENTWS, EMIRIT BT
F 740 100mg O BEER #5403, BER ACBWT LINERRICSHT 3 ERINERE LR,
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FEFIE G, PPH RE IR OV F F 74N B T axs 420 oRELL TRV,
VIO R E D TB, PPH BEICRB BN T T 7405 B OEMMREFEND,
F O, FiFEME PPH BF B BEHERLAZWZENTEY, 5% T0HEmhbLDT
Tua—FH RIS,

Littera R et al.

Long-term treatment with oral sildenafil in
a thalassemic patient with pulmonary
hypertension

Blood 100(4):1516, 2002

Mg EREE PR LY FeITRERE D
BOAF ol sR MG
"

BONAT 7oV OEBBR LY, SFRLCOiiG MEREOER BB by
FLITRERE (G4 8, B OESIHE, BE T § VI I7RE T 18 BRI
HOBERM DY, 32 FERE LR E K Ugkar L — MR BRIAL TV vz, T i EE
RO ENIIZD VAT F 700 25mg % 1 B 2H., 1 P ARROBREL, F0%E
HE% 1B 50mg ITHWELI, 156 0 ABRICEBEOREENEFRIBICEIEL 72, FEREHE
T T ORIRARE 2 — U AFRD B, 28 MEIFIERH ChHYER D #ETR
OO, YT T T NI B0 BRI AR b - A ORITERIE R
BHHNT . BEThH-T, B EORLY, VA F F 7 ) VRIR B /5 B2 A LEWE
AFEBYA7MENZ &, FEOREN AR THII LS, MiEiLEED R E IEREICBT
BBIRFED—HEBVBDIEIWRIREN, ETe o NTFF T AN DY S EITIHERE D>
ML RRFERE) A2 D& TR YW T FE IR 30 ENDLS,

Zimmermann A T et al.

Sildenafil improves right-ventricular
parameters and quality of life in primary
pulmonary hypertension

Intern Med J 32:421-429, 2002

DT T VR B A I R
HELEATA—F—L QOL 2WETD

BN F 7 BB C RSN IE St L - 408 COERIM ., BT 39
RO BT, 3 EFIML B IR, KR, PR EEEA o7z, (DR BCFHR AR AD
BEEIT o Te, Ihxa—RETELEBOY A XEHIEIZIEE Thotoi, AlLEILRS
FLBWEHNED ERRDoT, =7 2P C 12 5 A BIBRTHLEEE AL R
Too DN 7Y AR E R RERIEE Uiz, BO VAT T 7V EER TR 25,
A= 2F AT 120mmHg ThHo7o A LBIHHIT L, V5 F 700 50mg IR 30 53%
{2 95mmHg & T U7, 1L 50mg | R 3 BIOMRAEEIT -, 4 BHOLEMICE I
RITeS, YNT 74V R % 50mg 1 B 4 [EIZ§ 3L EE DT, HLEDOYA
MG LTz, TRBRFTETRRF O 7 L r—MER%Z IR LR, QOL W EORHFEIE
&Nz, BEIELAFT T 700 —BERTERE  IHILAR R, B ez, AREILR
I CThotr, MLEHRICRIFT VN T F 7V OB AR ESIC MG ENEBS
DED, BIZ, X747 —PRIVEBINEDEHER T 200 RYMBROSLEIZML
T, ROE - R, BEEAREE OB RBIZ TG 3570 ORRL L BELH D,

Cubillos—Garzon LA et al.

Sildenafil in secondary pulmonary
hypertension

Int J Cardiol 89:101-102, 2003
TRMERE MRS T AT T
Vv

[NELE R BAHE IC L5 R T E o Ltkic x50 A F ook s
OEEESRELRI Ui, [EFISE DERIT 44 B0 fcit, 2 ERins OBEER SR 11 OFER
WEERES 6 » A BISOHEIOF T /— €, BEICTU/IV B i iESE, Hhra—
TAHLBLLEIRS A OB TR, IHEHMBINREL 120mmHg CThofzn LR
MHSRR IR - Qi BREDA BB EES Liz/od, VT 740 25mg/ BN
B 5ABIAAL 100me/ B ECHEERE- Uz, BIERIIZRD 3 SEEH0LEZEL T
Tro 4 p A1 BEEESE L I EL . F 7/ —Philk Ui, RS EIIR fo e 52 g fn iE
L 86% L HGEL  HEARETN FIAEE A0, IHE R BRI IL T4mmHg & 36% DR T &3R8
fro [BEIAFNZBC, VAT F 74N IVHESTBIREDIE T & &b I B A
EERDT, EBIARNC LA T aAr T 47 RENE LR,

£ OAL (B2 % S LU T aliR)

EE | MEESA, N —U FATERY

ERNEDY <) —

Weimann Jorg et al.

Sildenafil is a pulmonary vasodilator in
awake lambs with acute pulmonary
hypertension

Anesthesiology 92:1702-12, 2000
AT F T AT RYENR LUEE R
BRI I i B PR IE TH D

NTF T o ORf - EETRER A RET Uz, bar RSy A D U46619 R
OAMMELTEOCREREFEY I ICAIKD 12. 5, 25 U 50mg 2% 5-UC, i - 410178
HBADIEREWH T, FioAIKE Y 7Y+ 2 MPDES EHK)D NO B A LAl & k3R
VERNC BT BB ek B O IR T o0 498~ L-NAME(WEM: NO 421+
v & —YDIER R, A% BEAR02.5, 2.5 XU 50mpic kY, MBIREIZZ0
Fh 21, 28 & 2% K T EFRL, i FRiudEneh 19, 23 &£ %K T L7z, GERE
WEBERFAET 129D E F LI, ARE OV 7V F2AMZE DA NO LB E R OHE
BRE~O®RIE IR D b o, R CIER FAYFAMIED NO R A H IR
DM YLRIAR O BB R RSNz, L-NAME A S A SRFE T Mo Ml fn F KR
VR &, AT AR INE E ey P OB T B O ORIR ML EHRRE T
HY, NO IRFMHEMF %I Uil ESERE B R 5, YU H ARG R, AT NO
BB kDM RIEROERERE RS eh o7z,

Ichinose F et al.

Nebulized sildenafil is a selective
pulmonary vasodilator in lambs with acute
pulmonary hypertension

Crit Care Med 29:1000-1005, 2001
WELIZ VTS T RYEN A IfLE
SEDOIFEN B RIRBMRETHD

W ANO (—ELER) OF B HL T, =7 =AY AT FH 7 DR AL > TeY Y
ML 7 A T I YL IR A T A EIDINT DOV TREIL Iz, VT 700 10mg
U 30mg & A =7/ — )Wt BIRICIBNIRE 2 £ h2h 21 3%, 26 £3% D &wiz, &
NVFF 740 10mg & 2ppm K O 5ppm NO Z RIRFIR AL TWA R, MBREIZEh2h
35£3%, 43X 2% L7z, AT FTANVOBRADIER, £HFBRIOBRELLL H-E
FART YOG AL BH-FE v ML &85 NO AR ITb & h 22 -7z, |
AT F 7 OVIEEEN NO O & SERVE R 2350 4 A @I L FIRETH A,

Shekerdemian Lara S et al.

Intravenous Sildenafil Lowers Pulmonary
Vascular Resistance in a Model of Neonatal
Pulmonary Hypertension

Am J Respir Crit Care Med
165:1098-1102, 2002
FARMBERnEET VBTN T

5 TR ARV T AT 5 —P(PDE-5)RE IR L 7 F 70 VBT 55 i f B BT F 1
A&7 2 E A RMEEMETFAEROCTRILE, 772 1B ROKEMICEMNAEL &
AUt B EAEL U, 2055 6 T AT 700 % 2 BrFREL, 6 i
NO(—ER LB HR)% 2 R A S, 6 LI BREL LTz, 7HETMTE O, IRERA
WML A UM L TR AL | FRFR (L HEARIE 100% LA L3 IRL 72, st R IC BV T
OB%L I SRRSO LR ABDLIA, NO T ARETIE 2 e o0 LLE % (2 8 #EHT
PR A0%IRAD UTe, UV T 7 VRO BR LA | eSO i I itk b5
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F T AN BRI LD B RS TR
A

MBS, AT T 740 RO NO QUB I 1528 iTEIE~ DB EIIFED 5
Hiphsoln, SN F F7 VR G0 DH N BN 30%EMUT0, B b~ 8T
BOLNIRD T, L ELY, 72 F A Mt & L €5 I8\ T PDE-5 BB LT
F 74 NO ERIZEBL_EIZBIRMND > A B WERIER 2 G 42 L0Rlah
7

Zhao Lan et al.

Beneficial effects of phosphodiesterase 5
inhibition in pulmonary hypertension are
influenced by natriuretic Peptide activity
Circulation 107:234-237, 2003

M MR I B BRAR Y AT 5 — 8
5 FEOIST MY LRRATF R
EEshs

[RBINTFF T AN ORI T DT R LFIR AT F N5 R (NPR) %, NPR (27
BTBIT =N T7—8THDH NPR-A K< 2% O THRELZ, [FINPR-A FR
BiG= A (NPR-A+/+) LAKERFE I AE (- L0 A8 B e A R 4 MR S AN Bk
(NPR-A~/-) = 2% FAVTIRE Uiz, ERIVATF 700k ERRB B LG I
RV 6 D A MR R I L A AL USRS 2 Le, 203 E i OFEME N L5
RARTF ROFFECLY (NPR-A+/+) THEHS L, (NPR-A-/-) TR SN2 otz
In vivo 1238V T, NPR-A 25 B AR 0 A7 D BB IR AL (RVSP) 1 NPR-A+/+= D A L0 &<
PINTFF T AN EIC Lo TOE e ol FRE TGRSR SR ¢ RVSP &
LB EE (RVW) BMEIIL ., S FF 7402 kY NPR-A+/+<7 20 RVSP & RVW {H{K T
L7223, NPR-A~/~="7 A Cid RVSP OB E T AR Uiz, KERFR IC LA M gk
cGMP i LR BT F T 4N OEEIT NPR-A-/-< T ATITh T Tholz, [E
£ REE T LA B MEEIC T 58 AR AT 5 — P 5 MM EIZB VT, T T LF]
RAR7F RIS A LERREME YTV TR 527,

Sebkhi A et al.

Phosphodiesterase type b as a target for
the treatment of hypoxia—-induced
pulmonary hypertension

Circulation 107:3230-3235, 2003

B Fe S 5 S I 8 L JE D IR HEAE RO & LT
DORARY T RTS5—F 5

PDES {3 Jifi i JE AR 330 BFTRRBFIEN TH D, AR TR, EH B I UMEERR IR
BT 35135 PDES o43Aa L, IHENIRE (PAP) 36 L OUMARIZ BB VT 740D
PDE5S BRI RARRFEL =, Sprague—Dawlay T b4, 42 A M{KEESRIREE (10% O2) [ZIRHE
Lz, 20>, PAP i 20mmHg 263 HEASLT 40mmHg $ T EHA LT 10~14 B BiZ plateau
WZEL, ERERICRL#E, THECEE L, PDES GRS, 5 Mcrish- #ik
PRSI 98 i MR | (OIS i 180 1 P4 o0 SR C I A A B R BR TS AU (R <26 e m)
TEbLIm, VAT F 740 (25 $124E T5meg/kg/d) 13, EERFE IR IEIRR AT iR 5 CiL,
BEKGFEHNC PAP L& & i & fh {430 (60~90% ik, P<0.0001, BLU
28.4+5,0%D1%H, P<0.001) Uiz, EEERIRBE# 14 H HO®R GBI AT F o400
X PAP %4 B 58 (30%MDURNL . P<0.000) L, E-IhBhARD itk {be—i i
(39.9 £ 4.9% R, P<0.001) L7z,

6. BKHEE COXNIHEL, REBRARIM T THROON

WK LR D B
BIZE DT o0 T B MEAMTIS N T, N A G E U7 il A 32 MR R PR & FE

THTETHD,

7. POXHBARPEE CHDHEE ZLNHD

B3R ~DT Fa—F itk

F ORI

8. BIEECOMEMNT LENITH T BRI

FE(EZ) AR FE(E)IZ EDIHRMBEPTELUI20E, UK T HHEFO BOG, EITIRIL
W ] AT (R EdeRE) | ZHEERILFIWIZEEFEODMT (Medical Tribune 2002/2/28)
(e BRI )
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JRAETFBNZREMB G (BERE - BREREL X2 T b —¥ 1 = AREHIEFS)
Sy &

BERICE T SDRENR E LI-ERERBERHEAED 1= D O BUERAE

HprgEE  EWEAE, BRI, RIEIER B AR S 2R KR T0E B SRR LR

WMREE /NEICKT 5@ 2R 2L T 51203, NEOHEREOREZBWH L
L= BRRaRER (B ASREIZ B RACHEE S e iR bRy, £okoicik, Rk
BHCRBEE Y AT L EOERBEMN, BREOSTROEY F, NEIHBRED O OFR
FR RN A ER E BB o REN RO 5N 5,

ARFUNZ BT b /N R R PR BRBR O HEE O3 &S AME ) O BRI BIZ AT, B RSN e & h
TWAD, ENDHOFHE ED L IO, hERMICED T &R LR
B 72 ERE RHHRAITRE S Tnien,
ANRBEIEEICET 2 OEN R EARGT OB EL. DERBROEEICM ZOE L LT
HBONZEBMIC X 23WIBERN/NERO L2 T EREOEAN EICHERTE 5 & OR#HE
HEIIBFEIEDLZELHIFTE S,

RO TIE, EBHERROLBEELED/NERBHEEDOH Y HFERMT I Z & 2 B,
BRI /N AERRBICET 2 RHEHRE L,

KENZB W TIHFDANBPCA (Best Pharmaceutical for Children Act) 3 LU PREA
(Pediatric Research Equity Act) (Z & D/NERBRO LA EFET5 Z & R IERICFROE
a0 D, FIRHICBPCATIE, REIRIT AT 0 78 ULCTNRIERE FE
L7c BRI, 67 AMIOMHMEMOLEEZHEL TS, 62, Zh b
K YV/PNRMERFZOEBIEMUZFER, BROBULN LI EOREFIR C& 20 OfRAR
RETHEEEIKEZSICRHETA L ERoTWV D,

EUIZBWTiL, 20024812 [Better Medicine for Children) & LT, /NEHESRS DB
REZ BEg & LA BB SN, T OFS2 BRI 5 720 ORE NRIEET
HTHY, BEMICEEUESO TREET207THEICHBITENETETH S, EUKREIT
DS /DR ERPRBURR O FHE EREME & B S RIS D LRI, TS SHED LR &
CEIIT DAL BT 4T LTEZXDRIEELTWS, FoM, BEUNMBEEICE =0
LEEARIIZEA y b U — 7 OFEL, /NERBRIEROT — & X—2ADHEE, DHEEEANT L
DERARITZE DML &b BRANCRENER S5 2 LItk 5,

KFIZBNT S, BIGIMEAO%E L /NERERBOBSE, L0 HROICRET S0
HOEENPEBRINDIRETHA ),

W HE

Ml—. BiEHIL, LAKEE, —BHH.
MOaXE (BARETEGEEXSTMER
R )

A. BIREK

/NIRRT 2 B8 2 TR IR & ST T BT,

MNEORBERBOREL HIY & L KRR

(TRBR) DSREIZEh RIS HEE Sz i iz
LRV, ZTOEDITIEBITHOFTEDLD
W/NRIBBR 2 HEEE L TV D BIER 2 58t
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. EUROPEAN COMMISSION
Ji{ »‘; ENTERPRISE DIRECTORATE-GENERAL
¥ e ** Single market : management & legislation for consumer goods
* Pharmaceuticals : regulatory framework and market authorisations

Brussels, February 28th 2002
Better Medicines for Children

Proposed regulatory actions on Paediatric medicinal products
Consultation document
SUMMARY

Before any adult is treated with a medicine, he or she can be sure that it has been
extensively tested to assure that it is safe, effective and of high quality for use in adults.
The same may not be true for medicines used in children. It is estimated that over 50% of
those used, particularly in specialised medicine, have never actually been studied for use
in children. The absence of suitable authorised medicinal products to treat diseases in
children which have been both tested and assessed is an issue that has been of concern for
some time. As a result existing EU medicines frequently do not include information on
safe and effective use in paediatric populations. This in turn leads to the use of
unauthorised medicinal products and /or medicines used outside their approved terms
“off-label” and may result in significant risks, including lack of efficacy and /or
unexpected adverse effects, even death. The issue has been raised by regulators,
individual Member States, Members of the European Parliament, by paediatricians, and
parents. In December 2000, the European Health Council asked the Commission to take
specific action to remedy the problem.

This document outlines some suggested approaches which could be taken to address the
lack of suitably adapted medicinal products. It examines a number of possibilities for
incentives in the form of intellectual property protection and proposes the creation of a
dedicated European expert group as well as a European network of paediatricians with
specific competence in the oversight of appropriate trials in children.

Issues of information and transparency are discussed as well as the need to ensure the
highest ethical standards as laid down in the EU directive on Good Clinical Practices
when performing all trials on children.

The need for sources of funding for children oriented research into medicinal products
which are no longer associated with any intellectual property protection is also outlined
and some options are explored.

This paper represents one of the first steps in the fulfilment of the Commission’s
commitment to address this problem and follows a Brainstorming Meeting with Member
States organised in the framework of the Commission’s Pharmaceutical Committee in
November 2001.

Rue de fa Loi 200, B-1049 Bruxelles/Wetstraat 200, B-1049 Brussel - Belgium - Office: AN88, 1/56.
Telephone: direct line (+32-2)295.82.74, switchboard 299.11.11. Fax: 296.15.20.
Telex: COMEU B 21877. Telegraphic address: COMEUR Brussels,

Internet: emer.cooke@cec.eu.int
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1. INTRODUCTION

Before any adult is treated with a medicine, the product has to have undergone extensive
studies, including pre-clinical tests and clinical trials, to ensure that it is safe, of high
quality and effective for use in the adult population. The same may not be true for
medicines used to treat children. 50% or more of medicines used have never actually
been studied in children. Children represent a vulnerable population with developmental,
physiological and psychological differences from adults. These differences make age and
development related research particularly important.

The absence of suitable authorised medicinal products to treat diseases in children is an
issue that has been of concern for some time. This is a result of the failure of
pharmaceutical companies to perform the necessary tests and trials to adapt medicinal
products to the needs of children. It leads to the use of “off-label” and unauthorised
products and to risks of inefficacy and/or adverse effects and thus a public health
concern. The issue has been raised by regulators, individual Member States, Members of
the European Parliament and by paediatricians. These concerns have also been expressed
through the adoption, on 14™ December 2000, of a Health Council Resolution on
paediatric medicinal products. This resolution called on the Commission to make
proposals in the form of incentives, regulatory measures or other supporting measures in
respect of clinical research and development to ensure that new medicinal products for
children and medicinal products already on the market are fully adapted to the specific
needs of children.

JI. BACKGROUND

Current situation

In the European Union, children, the 0-16 years old population, represent about 75
million people, i.e., 20%, a fifth of the total population. Although this population may
appear relatively large, the majority of medicines are still only developed and assessed for
use in adult populations. This is further compounded by the fact that this 0-16 years
group may be further divided into specific sub-populations ranging from neonates to
teenagers, with different developmental and behavioural characteristics which need to be
addressed.

It is estimated that somewhere between 50 and 90% of medicinal products depending on
therapeutic areas, used in children have never been specifically evaluated for use in
children. The range reflected by these figures represents the difference between the
figures in non- specialist and specialist situations respectively and may also reflect
differences between approaches taken in different Member States.

Reluctance of industry and resulting problems for children

Pharmaceutical companies have traditionally been reluctant to invest in developing
specific treatments or adapting existing medicines to meet the needs of the paediatric
population, mainly because the market is small and therefore of lower priority to them
and the risks associated with paediatric treatments are generally higher, (e.g. need for
long term follow-up of adverse effects). Specific clinical studies may be difficult to
design and as a result may be costly, and the revenue from the paediatric development of
the products is not perceived as justifying the cost of the clinical trials. However, due to
age-related differences in the drug handling or drug effects which may lead to different
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dose requirements to achieve efficacy or to avoid adverse effects, specific clinical trials in
paediatric populations are normally required. In addition, the pharmaceutical industry
tends not to develop specific paediatric formulations. This may cause problems especially
for younger patients, e.g. difficulties with swallowing tablets as compared with liquid
preparations, risks of fatal inhalation. More significantly it may lead to serious
calculation errors in adjusting adult formulations to paediatric dosage forms. Other
problems resulting from the absence of suitably adapted medicines include the following:

e Inadequate dosing information leading to increased risks of adverse reactions
including death;

e Ineffective treatment through underdosing;
e Non-availability to children of therapeutic advances;

o Extemporaneous formulations for children which may be poorly or inconsistently
bioavailable.

Previous EU Regulatory activities and international examples

In 1997 a round table was organised by the Commission in the premises of the EMEA
(European Agency for the Evaluation of Medicinal Products) to discuss this issue. One of
the conclusions at that time was that there was a need to strengthen the legislation, in
particular by introducing a system of incentives. In 1998, the Commission supported the
need for international discussion on the performance of clinical trials in children and an
ICH (International Conference on Harmonisation - discussions on harmonisation of
pharmaceutical regulatory requirements between the EU, Japan and US) guideline was
agreed and subsequently adopted as a European guideline in July of 2000. Directive
2001/20/EC on Good Clinical Practice which was adopted in April 2001 also takes into
account some specific concerns of performing clinical trials in children, and in particular
lays down criteria for their protection in clinical trials. However, even if there is a clear
therapeutic need for the product, there is currently no legal provision for obliging these
studies to be performed if the company does not present the product for use in the
paediatric population. '

Example of Regulation on Orphan medicinal products

There are many similarities between the absence of research into medicinal products for
children and the absence of research into treatments for rare diseases which led the
Commission to propose the Regulation on Orphan medicinal products, subsequently
adopted in December 1999. Therefore there are elements of this existing regulation which
could be taken as a model for future activities.

International examples

In the US, specific rules to encourage the performance of clinical trials in children were
introduced by the so-called “paediatric rule” and “paediatric exclusivity” adopted in 1998
and 1997 respectively. These pieces of legislation are complementary.

The “paediatric rule” allows the US Food and Drug Administration (FDA) to require
companies to perform such studies and/or to develop paediatric formulations for certain
new and already marketed medicinal products if the product is likely to be used in a
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substantial number of paediatric patients or if it would provide a meaningful therapeutic
benefit to paediatric patients over existing treatments.

The “paediatric exclusivity” provision provides an incentive (6 months additional
exclusivity or patent protection on the active moiety) for companies who perform clinical
studies in paediatric populations irrespective of the results of these studies but on the
condition that studies comply with criteria set by the FDA on the basis of public health
needs. In addition it required the FDA to draw up guidelines and a “paediatric list”, i.e. a
list of drugs for which additional paediatric information was expected to be beneficial.

After three years of operation, the paediatric exclusivity provision has just been reviewed
by the US Congress. Due to its perceived success in stimulating new studies on medicinal
products to treat children of different age groups (21 labelling changes and more than 400
studies started in 3 years), it has been extended in a slightly modified manner. The
paediatric list was found not to be successful and has not been retained. In particular, a
fund dedicated to the study of off-patent medicinal products for use in children has been
created to the tune of $200 million annually

III. PROPOSED OBJECTIVES OF NEW EU REGULATORY INITIATIVES ON PAEDIATRIC
MEDICINAL PRODUCTS

Prerequisites for any European regulatory action to solve the problems identified include
the need to ensure that the measures taken would benefit European children throughout
the Community, thus emphasising the importance of a truly European approach and the
need to ensure that any studies performed in children fully comply with the highest
ethical principles as laid down in the recently adopted Directive 2001/20/EC on Good
Clinical Practice, (GCP). Additional and specific provisions to protect children in this
directive include the need to ensure that appropriate informed consent procedures are
developed and used, the wishes of the child are respected, measures to minimise pain and
distress are taken and that the responsible ethics committee has involved specific
expertise in the field of paediatrics.

Six sets of objectives can be described:

1. Increasing the availability of authorised medicinal products which are suitably
adapted to the needs of children of different age groups by:

e Encouraging the performance of appropriate paediatric studies to ensure that new
medicinal products may be safely and effectively used in children of different age

groups

o Encouraging the development of appropriate paediatric studies on existing authorised
medicinal products, in cases where a perceived therapeutic need in paediatric
populations exists, in order to ensure that they are suitably adapted to the needs of
children of these different age groups.

e Encouraging the development of suitably adapted formulations.
e Facilitating the performance of appropriate paediatric studies through the provision of

scientific advice on how studies should be performed and/on alternative ways of
presenting the product e.g. a new formulation.
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