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ABSTRACT 

Bnckgr111md Uncontrolled studies suggested that 
aerosolized iloprost, a stable analogue of prostacyclin, 
causes selective pulmonary vasodilatation and im­
proves hemodynamics and exercise capacity in pa­
t ients w ith pulmonary hypertension. 

Method.r We ·compared repeated dai ly inhalations 
o f 2.5 or 5.0 µg of iloprost (six or nine times per day; 
median inhaled dose, 30 µg per day) with inhalation 
of placebo. A total of 203 patients with selected forms 
o f severe pulmonary arterial hypertension and chronic 
thromboembolic pulmonary hypertension (New York 
Heart Association [NYHAJ functional class Ill or IV) 
were included. The primary end point was met if, af­
ter w eek 12, the NYHA class and distance walked in 
six minutes were improved by at least one class and 
at least 10 percent, respectively, in the absence of cl in­
ical deterioration according to predefined criteria and 
death. 

R ernltI The com bined cl in ica l end point was met 
by 16.8 percent of the patients receiving iloprost, as 
compared w ith 4.9 percent o f the pat ients receiving 
placebo (P= 0.007). There were increases in the dis­
tance w alked in six m inutes of 36.4 m in the iloprost 
group as a w hole (P= 0.004) and of 58.8 m in the sub­
group of patients w ith primary pulmonary hyperten­
sion. Overall, 4_0 percent of patients in the iloprost 
g roup (including one who died) and 13.7 percent of 
those in the placebo group (including four who died) 
d id not complete the study (P=0.024); t he most com­
mon reason for withdrawal was clinical deteriorat ion. 
As compared with base-line values, hemodynamic 
values were significantly improved at 12 weeks when 
measured after iloprost inhalation (P< 0.001), were 
largely unchanged w hen measured before iloprost 
inhalation, and were significantly worse in the placebo 
group. Further s.ignificant beneficial effects of i loprost 
treatment included an improvement in the NYHA class 
(P=0.03). dyspnea (P=0.015), and quality of life IP= 
0.026). Syncope occurred with similar frequency in the 
two groups but was more frequently rated as serious 
in the i loprost group, although this adverse effect was 
not associated w ith clinical deterioration. 

Conclusions Inhaled iloprost is an effect ive thera­
py for patients with severe pulmonary hypertension. 
(N Engl J Med 2002;347:322-9.) 
Copyright ~ 2002 Mlassachusetts Medical Society. 

A 
CONTINU OUS infilsion of prosrncyclin 

was the first therapy shown to reduce mor­
tality in a conrrollcd study of paricms with 
severe p11l111011ary hypcrti:nsion.1 Hnwevt r, 

its use is asso<.:iatcd with a number of serious draw­
backs. The lack of pulmo nary selectivity results in 
svslcmic siJc dkcts, tulcrJncc leads to prof!,rcssivc 
in.:ccases in t he dose , and there m ay be recurrent in­
fections of the inm1veno11s .:arherer.l As an aln..:rnative, 
inhaled n itric oxide pu&~csscs pulmo nary selectivity, 
hut it is less p u tent rl1;u1 prusta~ydi11 i11 the pulmo­
nary vascubt urc.·'-·1 Moreover, <111 interruptio n in the 
inhalation of continuo us ni tric oxide may C<\USC re­
bound pulmonary hypertcnsio n.>-6 D esig ned to com ­
bine che bcm:fa:ial effects of pros1acydin with Lhose 
nf an i nhalar ional applical io n, aeroso lized prost~qr­
din was found ro be ~ potent pulmonary vasodibror 
in patients with acu te respiratory failure, cxening 
prctcrcntial vasodilatation in well-ventilated lung rc­
gions.7·1U Sim.ibr re.snit s wrre o btaincri in spontant'.­
ously breathing patients who had lung fibrosis ,md 
seven: pulmonary hypertensio n. ' ' 

Iloprost is a st;1hle analu)!.lle of prostaq1cJin 1 hat is 
;issuci;ltt:d with a lunger duratio n of vasodilatatiun.12 

\Nben administered during a short acrosolization ma-

(!rom t11c D'-'.p.1rtmcnt of lntcm;.tl Medid nc- JI , University Clinic, Gies-­
Sell, Gcnl 1.111y ( l l .0 . , 11.A.G., \\r.S.); Scn·ic.:c \h: l;nc:-unu'.>lo~ic, l l (>pitJl An ­
winc U.CclC1't'. Cl.u11:irt. Fr.ti\t."\" (G.S .. 0.S.); l$1i luto d1 Cu-tlit>lo~i.t, Univcr· 
sir.\ di Bolo~n.t , llolo~uJ.1 luJ~· ( N.c;., A.M.}; ttoy.11 H.d!Jm.sh1rc.: t-lo!pit:il. 
ShdTicld. United Kin~dom (T.H , D .. G.K.}~ o~:pamucm ofC.;mliololls· .fa­
.tsme U11ivcrsi1y Ho!ipir.111 Hrus...:c."ho, Bd~ium (R.N.i; L'nivt'r~i1y of C.1lifm·-
11iJ ,u S.111 Diq;o McJi~a.I Center, L.t Joll.1 {L.J.R.): Scl11:riug, Rcrliu, Ger· 
111J11~· cS.:-..l., I I.S.)~ f>cpJrl111c111 of I 111cm..1I Mt'dicinc, Uuivcn;ity l Tu~pi1.1I. 

Zurich. Swi1zi.:rlJ11d !R . .S., W.P); D....:r'·'n111cn1 of Pn::omolog}'. llJ11110\'c;r 
McJic.11 SdK.Kli, llJmttwr.::r. Gcnn:;nv (M.M.l L)~ lhc Di\'i$ion (lf ft11hnon.1r\>' 
Diseases. University or Munil:h-G~•!)h.1dcm. Munkh, <.>t•rm:my {J.B.): D~~ 
p.1rtmcn1 of Prn.:umol(l~~'· Univcrsi1y Clink . Ldpzi~. Germany (l.W.): Dc­
p.utmcm flf Pn..:11molo~y .md lnfo.:tious Di..,r.::.uc.s... Erns1 t\lO'rilz Amdt 
lJnin:csirr. Greissw.1M. Genn.ut)' (R.E.): Rcreil'h 1'1)(.urno!o,;ic, Mcdizi.nisdlc 
1'.t:.1·nkli11ik un1i PolikUrnk, t;ni\'Cl'SLt:il~klinik11m H.11nb1rrt:.· Eppcndnr1: H.mt· 
burg. Geun.my (1\ .M.); Frccm:tfl Ho.'11\pit.ll, Hi~h Ht·;1rnn. >Je\\~cainlc·11pn11· 
Tynt·. t Jnircti Kin~tfom (l~A.C.); Ocp.:1runc11r o t' l'th.:111nolo~'. G.tithuisbe~ 
lirn\l\'rsirr• Clinic. Lcuve1l, Kdgium ( M .P.); .md Pulmo11;\ty J l~1pcrrcn~ion 
U111t, llvspit.d 12 de O..:tubrc:, .\ .{.idrid (M G.·S.). Addf"<:'ss rc:prim rc:qucs1s 
to l )r. Scc~er ,tt rlH.: lk pJrtmc11t of l11tcrn.d Medicine II , U1\iwrsity Cli11i..:, 
K.liuilstr. 36. 1).35392 Gicssc11, Gernuny, or .u wc:rner.srt"gcr@innc:re.111cd. 
11Hi·;1it5Kl1.1..k. 

en1e. oiht:r mc:mhcr~ of rhc A1·rnsolizc<l llo11rost Ra1i.lomi7l~d (r\IR.I 
'rn(jy grmiJ' .ire fom:ct iu the Ap11..:11<l:ix. 
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INHALED ILOPROST FOR SEVERE PULMONARY HYPERTENSION 

11cuvcr to paricms with pulrnrm.1ry hi•pcrtcnsion, its 
p ulmonar y v:i>odih 1 ivc p mcncy was $imil:tr to that of 
prosta(yclin, bllt its cflccts lasted for 30 to 90 min­
utes, as comp.ut'd with l5 min11tcs.• .ll.JJ.1s Scvcr3) 
npc 11-lalicl, 11ncunt rulk d studies lJf pat icnts wit h sc­
\'Crc pulmo n ary hypcrrcnsio n sug.gcsrcd that long ­
term use: of aerosolized iloprosr rcsulrs in s11 bsranri<ll 
di11ical improvcmcntu.1;.1o.20 Our objective in this 
rrial W<tS to cv:iluatc t he etlccrs of inh<tled iloprost 
using a rigorous end point of clinical dTlca..:y. 

MET HODS 

Selection of Patictnts 

l,Jri~nrs " 1th pr111l,try pulmo 11,1ry l 1~rpcrtcnsi1 HI Jue.\ M.:k i.:-ced ti inns 
~if 11on p ri111.1ry pul1mnu J.ry hypertension \Vere CJ.11Jid,1tt:s for the 
sf\Jd)1 • T l1c fon11s of 11011pri1nary pulim mary hypl.'.rtt:usion indud­
l:d .\ppctitc>supprcssanr-associ:m:d 1nd s.:k1u <lc:rm.1-assodatcd 
pulmonary hypcrrcnsion .,~ wdl as i11<1pcrahlc cbr1it1k thrombocm­
bo lic pult11onJ1-y hypcrtcn.sio n. The indusion Cl'itx:ria were a mc:an 
pulmonary .1rtery 1>rcssurc p;rcater rh:m ~O m m Hg. the .1bility to 

cover belw1:cn 50 3nd 500 m w ilhout c11 l.'.ou1~aHc111i.:111 rn1 a six· min· 
urc walk t e:ior)l1 and ._1 Nt:w Yo l'k Ht••ut Associ.trio n (NYHA) func­
tional class of 111 or I\112 despite rhe use o f sr.mdard ..:on"cmional 
thcrnpy ( . .uHiclM!~ulants~ d iuretics, di~ir,1lis~ c,1kium-channd l>kn:k­
crs) ,md s11pplc1m:1nal uxygt'.n). Patients who '"'i;::rc taking: i11vcsr i­
g.11ional drn~s. prost1nuids) o r bc:t.1-blockc rs wc:n.; cxduclcd . The 
do.~.~ ofc,,h.:i11m-rh;~nnd hlo..:kcrs h<td ro he co nstant for more rh<ln 
~i:t wt.:l'k.s hd~m.; Mu.dy l'.1ll1y. E.xdusiv11 uitcri;,i wi.:1l'. , l pt1l1110 11.Lrr 
.irh_·r~· wedge pn:.s..•n-m· .ir n·."it of m()n- than 15 mm H g ) a 1.:.1rdia( 
illdcx Jl n.·st uf le~ th.u1 l .5 o r 111ort' tfun 4 litt.:rs per 111im1t~ per 
~quar~ m eter nf))c)d)r·:iurf.tcc ;w ;:,1., bkcding J isor'dcrs, .1 bilir'ubin 
lc:v\.'.I of nmrc th.Lil 3 mg per dC"ciliter ( 5 1 µ 11101 per licer). crcJtiuinc­
dc .. r;lncc below 30 ml pc:r minurc:, a fcm:cd vit.iJ cJpJcity below 
50 pcrtent . a forcc:d ~xpirarory vo lume in o ne SC.."i.'.Olld rhat was less 
th~m the 111eJn nonn .ll vJlut: minus twice tbc St';Jndard dt:viat ion l 
.md clini~al insrabiliry. 

Study Design 

A tm:il of 203 paricnrs parricip-.ucd after giving wrirrcn informed 
conscm .rnd afrcr the snidy had been ••pprovcd by rhc local crhics 
'' 1mmirrc.c:S .1t 37 F.11n 1pc.a11 spcci:tlisr <:t:nrers. Patic:nrs \\'cn.; ran­
domJy ,\s-si_g.ncd rv recd''' 1lvp n1St ( llum cd1n , Schi:ring) or pl:.u.:.d.>o 
.ilicr str.ttifi<•ation .iccordin~ to :-IYHA funct ional dass ( !II o r IV) 
.u1d type of pulmonary h)'pcnension (primory or nonprimary) hy 
an indcp-c11Jc.11t l'Ol'nmirti.:-c whose mcmhl"rs wc1'<..· u11.1wdrL'. of pJ.­
ricncs· idcntitit.:s. A torJI of IOI patients Wt'rl.!" r.rndomly .1ssigncJ ro 
the iloprost ~roup, Jnd l 02 were .1>signcd to the pl.1'ebo g roup. 

Fq r inh;,1latio 11 , ilClprc1st o r pbn::bo \\~1s d iluted with saline to :1 

conccutr:.it1011of10 µg per nuUilitcr • • md 2 1nl w;.i~ added to a nclJ­
u lizer ( H.1l0Litc, M cdicAid). This tk ,.icc d,-livcrcd short p ulse.> o f 
Jcrosoli1.ed particles' 11;comctric meuian [ ::SD j acrodynamic diam· 
acr ofp:irt icks, 4.3~0.05 µm) l..t during the tirst pJrt vf c:id1 in­
spimion until a predefined m tal inhakd dose nf 2.5 µg had been 
d ispcnsc:<l. The inhl.htion w.;i.s then sropped or rcpc:ucd once~ to 
.Khicw: ·' m tal dose of 5.0 µ g, c.tepend ing on ho w well the pari~nr 
tokratcd the m:aun.cm. After cadi mlrJIJtiuu , the rtsidual rnlume 
in rhc ncbulizcr W:ls di~c;-irclcct. This m:1n\"t1~··cr w:ts rcpt;:ltcd !iix o r 
nin;: rimi.:s d~1ily. with an ov1::rmght break. The th;t111c111.:y of inha­
Luivn ~rnrl the dose \\'ere individually dctcrminc:ci w ithin the firs t 
eight <bys ot" therapy .lcl'o rding to a prcddiucd ciosing .tlgorithm. 

Riµht-hc.art 1,,~athctcriz.nion was pt.:rfom1cd in all pJticnts at h.L~c 
line Jnd .l.frc r l 2 weeks. T he ,)(Ute ctfo..:ts o f i11hakd iloprosr were 
'""1lua1etl .ilkr 12 wcrks 111 .ill paLirnLS, bul 110 1 Jl !JUSC lint', lu d\'l:ll 

un blinding. 1\t h~asc line .md ,1ftcr 4, 8, Jnd l 2 \\i.'cks, p.1ticnts com ­
rktcd 3 si:'l:-mimitc \\"•J l k Lest, the Mo1hlcr Dyspnc.i Index qucs-

tio11n~1in.:1l • the EurnQnl qucstkioniuirc:,g .md the 12-in:rn Mcdic.1! 
Uultwm:s S1miv Slmrt-h,.·u1 Ut111.:r.1I HcJlth Survcv.21> 

P.1tii.:nt.s were rc:mov...:d fr<)m the: study if they inct .rwc> 1>r mtln: 
of1hc: t4.tllowiny. prnldincd t.:ritc r-i.1 fcff .1 dcterior<'lrirm in thcir ron­
dirion : r.cfrJctory .sysrolk: JrtcriJI hypot~nsion (blood pressure, less 
dun 85 rnm Hg); worsening: right w mricular fuilurc (e.g .. :is in­
d1c.u..:d by chc dc.vclopmcm of rcl"r.11..'.tory c.l.klll.l or .iscitcs); rapid1~· 
progrcssin~ C.ltdio~cnic, hepat ic, or n.:nJ.I failure; J dccrc-::tsc.: o t' at 
lca)I 30 pcn.:cnr i111 lu: di~cm..:e walked in six mi.mires~ :u1d ·' d!!din~ 
in mc.unrcs oflh.·mody1u.mic fi111ction, su.:h .-lS C!.'.lllT.ll \'crnous p1~s­

sure :rnd mixc-d \\;:llUl!S. c ~xygcn .s:u11ration. 

Outcome Measures 

T he prim.1ry \'IH.i point () f l hc :1itudy l.'.crnsistcd of ,lll ii.11.:rc . .isc of 
.tl' k·.•st I 0 pcn..:cnt in the d istJni.:c walked in six minutes Jnd .m 

CHARACTtRISTIC 

Ag< - )'< 

Wd~hl - k~ 

Sc-x -% 
.\.1.1le 
Pcm:.ile 

Undcrl)•ing <h.\~:tsc - no. (~) 
rrim:1ry pulmon:u y hy1'JCncm.io o 
'.\Jtmpr11nary p11lfm)1i.'1ry 11rpt..·rn·n:;;:ion 
,\ppct irc suppre..~s.t 1 1rs 
Coll,1)'.:.en ,-,uc.·ul1r tli.sc.\SC 
Chmnic thrombocmbolic p11h11on.try 

l1rpcr1cnslon 
Or.1.l 1.1.L.:;odil.ator 1ha.1py - 110_ l%i 

N'\"l IA l\111c:1io11.li d.L~~ - 110. ('~} 
ff! 
IV 

M •• hlcr Dyspnt:..i lndcl: t 
6-i\liuu1c wJlk. &s1:m..::c - m 

I knH1(h'l'r.unil.'. v,,ri.1bkst 
P11lm;1111Ary-ancty pressure - mm H~ 
C.m1i.1c ourpur - liters/min 
I'ulmon:1ry v.•:si.::ular r~isr.rncc -

1lvn·scc·~·m-~ 

Sy~t.cmic \~\St:ul:t.r n'SiM·~ncc -
dvn·~c·cm·" 

c~,;l'l"';d, '.'CllO llS pn.·s.surc - mm Hg 
Pulrnonj_ry·,trtcry W~(t~c prc.ssur'C 

- m m Hg 
:\rtcri,11 oxy~cn ,s,1tur.11ion - 'J4 
Mixr.:d ' YllOU5- oxv.~<n 5Jln1.i1ion - % 
l=ti::m r JlC: - hi:.its/min 

ILOPROST PUC HO 
GAoU~ GAOtJP 

IN• 1011 !N• 1D21 

51.1+ 13.2 52.8 • t 2.0 
71.3:!: 14.6 72.6 :!: 13.9 

_; 1 7 :U:I 
68.3 66.7 

5 1 (::.0.5) 5 1 ( 'iO.O) 
50 (-t9.5) 5 1 {50.0) 
4 1~.0) 5 (4.9) 

13 ( 12.9) 22 (21.6) 
33 (32.7) 24 123.5) 

5 2 ( :" l .fi) $8 (;i(. _9) 

60 (:\9.4) 59 (i\7.R\ 
41 (40.6) ·B (42.2 > 
4.14+ 1.8 4.27.!: t.8 

332: 93 315.!_96 

52.S:t ! l.:1 53.8:!:14.l 
3.8 :!:1.l 3.8:!0.9 

l029 '!"39() t041:!:493 

1872= 673 1827:!:503 

9.2: 5.3 8.2:!:5.0 
7.5:!:3.3 7.6:!:3.9 

92.6 ::!:4.4 V2.2:t5.0 
60.4 :!:7.5 60.5±8 .2 
S3.9 j; 12.2 R l.8 ..t l.:;.4 

• r1us-mi11us v.tlucs • .re nu:au~ =.Sn. NYl-IA dc.·nori.·~ Nr.:w Y'ork I k .u·r 
r\s~nd~1iu11. llKn.: \\'t:r..: 110 s1gnilic.mt ditlCn:.ncc.:s bcl\Hr.:n 1hc ilupn1.~1 .111d 
tl1..: pfa<:ch<> 5;,r<mps. lhta t)ll .111 ~·.tri.iblc.s ''"(!re ,1v.11f.,blc for ,Iii p.111c;111s cxc:epr 
in the fr,llowin~ t·.ucgori-cs: p11lmun.1n·-:.nc:ry pressure. I p.llknt in c.tc.h 
~roup~ t:'J1"\liJ..: outjlul. I p.H1c1H m 1h e tlo pro51 _£.roup .md 6 in 1hr.: pl.1et.:lm 
g roup, pulmonar~· vJSL'ulAr ro1st.uh'c , JO .mil 6, n:spcn i11dv; :iy:.1emi~ vJs­
ntl·1' 1esi:i.t:.i111.:c. l l .111\I 14; •.:emrnl vcnou~ prt..Ssurc. 5 .rntl 7~ puhnon.1ry~· 
.u-h::ry wedJ!..: pr(s.surt, 8 .u1d 3; .mcri;ll v.w~c:n $.Ullr.11ion, .35 Ju.I 31; mixed 
\'c11ous ox\'gcn s.m1r.uio11, 16 .mtl 18~ .u1d hean race. 2 ;ul\t 3. 

T0rl thiSc l .2-point :S,f,1k, hi~hcr KOl"C:i 111du;;1llC k-SS dWipn~.l. 

tP.trii.:nrs who \\"c:n:: f\"i.'.c ivin~· lung-rc:nn oxr!?cn rher,t('IY r'"·cei"t:rl nasal 
oxn .• .-cn during 1lte llleJSUl't.."lll(nt of basc-li11c hcmod)'IMmir variotblcs. 
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The 1'cw Engl.ind /ourn ,11 <>l Medicine 

imprrwcmrut i11 rh:.: NYHA fi.1m:rion;_1I l.'.Lt:ss in the ,1b~c11cc of .1 
Jdi:.rior.nio11 u1 tlu:. 1:li11ic.1I i.:011d1tion or ck.11h durin"!; the: 12 wt:.eks 
of rlw srud)'· Sl'COIH'fary t•fri.1.:.Ky \':ll'i:ihic ... \wrc ( h<.l 11b;S in rhc v:1lw.·s 
tor the si:'\~ 1111nut~ '"Jlk. l:.:,s-1, 1hc :-.:YHA da$S, MJhlt:c lJy$p11cJ In­
dex stores, lwn1odrn~unic variabks, .md th..: qualiry of lifr; clinical 
.. lL"rcrior:uion: de~1th: .md the 111.:c:J for 1ransplant;•ticm. 

Stat istical Ana lysi5 

Tiu.:: pri1n~try tvalual iu11 of c:fli1.:Jcy illdudcd all nmdomizcd p.t­
rii:ms. OM;i :lrc pn:.:o;cntcd .u me.ms -::SD, u 11!.:ss uthc.;rwi~c sf:ltcti. 
\Ve included ~Lua 0 11 p.1:iicnl"s who prematurely dis~o11tim11:d rhc 
~tudy using :.l b.st-ohscrv~tti<>n-c.uricd-forw,ud .u1:t\~rsi.fi for rh1.· s.h:­
milllHC walk test. Paticnu; who died wcri.= ,1$siµncd a v.1luc of 0 m. 
t\11 .st.iLi.<tkJI te sts for \:"f)ic,tey v.lriJhlcs \~CR'. l\, n-t,1ih.·J, with .111 
.1lph:i h:vd of 0 .05 . 

·re, .111.ilyzc tfo.; 1-"··im~u y cftic.1i.:y end puint .1m.J the.: imviovi.::nn.::nl 
critl·ri,l, w..: used rhe 1\'Lintd - HJcnsiel te!'St,27 strJtitied .iccon::tint: to 
i-hc type o f µulmo11.iry hy~c:rtt:nsion (prinury or 11012pri111ary' ~m.l 
N\1 IA chss ( I !I or IV). 1'.tticnts with missing dJt'1 on t lw prirmry 
end point at week L 2 we.re c.:onsidcri.:c..f nor ro ha\'c had a response. 

Clung« in the results \)f the six-min ute w:ll~ were cvoluotcd 
\\'ith '1o;;c. clf 11<l llp :tr:"l11w tril'" .1n:tlysis nf ( 1w::triancc ~tr:ltitied :tc~:j)rd · 

i11);. to the type of pulmonary hypertension ( primn y or nonpri­
nury I and the NYHA cbss ( Il l or IV), wirh use of the basc· linc 
\•.1luc as chc. cov.ui.ul.'. (a1ulysis of cuvari:m\.'.e, .. ind the \Vilcuxon 
sign..:d·r·:m k tl.'.St. 

Ch:ingi.:s from base lini.: in hcmodynamk yaJucs were ~111:.li>·itd 
v • .-ith t·st.uistics. Th~ invi:sti::tatvrs hild full .u.:ccss to thl" d.u.t .md 
performed the analyses indt:pcndcmly of 1hc .~punsor. 

K.tSULTS 

Base-Jim: dcn.10graphic and hcmodynami..: data arc 
?.ivrn in "fable 1. The mean frcqw.:ncy of inhalation 
w,1s 7.5 times per day. ~inery-onc pcn:em ofparicnts 
received 5.0 µ,p, per inhahuion, and 9 percent n.:ceivcd 
2.5 µ,g, corresponding tO a medi:111 inhaled dose of 
30 µ,g per day. 
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Primary Efficacy End Point 

For the primary end point, we found a sig niJicmr 
dfocr nf treatment in favor or iloprusr ( P= 0.007) 
(Fi)!;. 1). The estimated odds uLm dli.:ct in the ilo ­
pro.1t g roup, as cumpan:d wirh the plaeeho g.roup, 
were 3.97 (95 percent contid cm:e intcrv,11, 1.47 to 

l0.75, by rhc Mamcl- Hacnszcl resr). with no signif­
icrnt heterogeneity among the four subgroups care· 
gorized according to type of pulmonary hypcrrcn· 
sion aml NYHA class at base line (P = 0.79 liy the 
Breslow-Day test). The secondary arn1Jysis of the pri-
1miry end poinr was a logistic-regression model that 
indmlcd treatment assignment, demographic Jar-.i, 
and b,1sc-linc char'1cterisrics. Only treatment assign -
111cnt ( P ~ 0.01) contributed signiJicandy to the prob· 
ability o f a response. 

Secondary End Points 

Six·lfAinut~ Walk Tes t 

The percentage of paticm s who had an increase o f 
<lt lc<ISt l 0 percent in the d istance walked in s ix min· 
utes ar week 12 was slightly, bur nor signi ficantly, 
higher in the iloprost group than in the pl:Kebo 
group (l' = U.06) (Table 2 ). The type of pulmonary 
hypertension had no significant effect on the ourcome 
in either group (P= 0.90). A higher pcrcem age of 
po:iticnts in the plJccbo group th;m in the iloprost 
g roup .had a decrease in the distance walked of at least 
IO perccnr or did not complete the srudy (Table 2). 

The absolute ch ange in the distance walked in six 
minutes was signific;uirly larger (by 36.4 m) in rhc 

lloprost 

Base Line 4Wk 8Wk 12 Wk 

Figure 1. Effect of lnh"led lloprost and Placebo on the Mean (~SE) Change from Base Line in the OisA 
tance Walked in Six Minutes. According to a n Intention-to-Treat Analysis. 
The P value was obtained with Wilcoxon"s test for two independent sample>. 
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I NHALED I LO PROST FOR SEVERE PULMONARY HYPERTENSION 

iloprosr group rhan in rhc pbn:bo group (P = 0 .004) 
( h g,. 1): 58.8 111 among_ those with primary pulmo­
narv hypertension and 12 m among those wirh non­
pri111ary p11!11mn.1rv hypcn e 11sirn1. A par.1111ctri<: analv­
sis o f covarianc.:, which included the absolute.: value 
o n rhc six-minure walk rcsr at week 12 as a dcpendenr 
'~1ri;1bk and the treatment assignme nt ( P = 0 .02), t)'pc 
o f pu lm onary hypencnsion (P o:0 .06), and distam:e 
w<1lkcd at hasc line ( P< 0 .0 0 I} did 1101 show a staris­
tically signifiom interaction between trc;\tlncm and 
rypc of pulmonary hypertension ( I'= 0.09). 

NYHA Class 

More p;1ticnts in rhc iloprost g roup than in the pla­
~cbo g roup h,1<l an im provement in rhe severity of 
lu::irt failure, as :isscsscd by d1c NYHA dass ( P~ 0 .03) 
('fable 2 ). The type of pulmonary hypertensio n had 
no eftt:cr on rhe o u tcome in c.:irher group (1'= 0.39). 
The perccnt;igc of patients with ;1 <lcterion1tion in 
NYHA class did nor differ sign.ilkamly between che 
p,roups, bur the analvsis d id nor include patients who 
left the study c:trly owing to death o r other reasons. 
A hirgcr p ro port ion of pat icnts in rhe pbcebo !l.roup 
th<rn in the iloprost group did not complete the study 
("fable 2 and l:'ig . 2 ) . R.c:1sons inclu<lcd dcJth, discon­
tiirnation of study mcdic,1tion, ;md withdrawal of con-

sent, 111ostly owing ro dinica.J detlTior;ltion, insuHicicnt 
clinic~ ! benclit, o r both. 

Hemodynamics and Gas Exch•nge 

In the placebo group, cardiac output, systemic ar­
teri<ll oxygen saturation, and mixed venous ox1·gen 
saturation decreased significantly ;1fter 12 weeks and 
pulmonary '"1scular resistance and right atrial pressure 
increased significantly (1:11>lc 3 ). In 1 ht: iloprosr group, 
v;1lues assessed at 12 weeks, before the first morning 
dose of inhaled iloprost, were largely 1111changed from 
base line, w h.:rcas values assessed attcr inhalation 
\\·crc significantly dcacascd (in the case of pulmonary­
.1rtc.ry pressure, pulmonary v.1s.:ida.r rcsisl~1.nc.:e, sysrc1n­
ic ar terial pressure, and S)'Stcmic ;1rtcrial oxygen saru­
rntion) o r increased (in the cas.: of carbon monoxide 
and pulmonary-artery wedge pressure). At the.: com­
pletion of rhe 12 -wcck srndy, :icure hemodynamic n:­
sponsivc;n~'SS to inhaled iluprost was cquivaknt in the 
placebo group and the iloprost group, though the lat· 
tcr gro up hJd been exposed to d .1ily iloprost inhab­
tion for three months (d<tta not shown). 

Mahler Dyspnea Index 

The: mean Mahler Dyspnca Index transition score 
wM; significantly better at week 12 in the iloprost 

TABLE 2 . "Er-rncrs 01' 12 WI'EK< or- TMERNY \<.~TM l >iHALf.D [!.()PROST O R ['I.ACEBO 
o .'3 TllE NEw Y<HlK H L'\N.T A~.soc1ATION ( NYHA) C1.A S.'li AND T l IE .S1x-MrNUTE \ VALK Tr ... ,T. 

VARIA8l.f lt.Of'ROST GROUP PLACEBO G'ROUP 

)1.-\"J'l!-::..~T' \\'l'rJI P.\Tff_., -no WITH r.n1£'."'n> WITH :'.\Tlf ... "fl). w .Ul 
rllJAL\R.Y XO~l'JUM.\RY tt~J.\.L-\1'.Y ~O~l'KJM.\t4.!' 

?r11 .\lU~AA~ M1f_\ 10:-.0.MW ~·~ "L ~ tON.AR.Y :'l lU.to;..'.Ait.\' 

.\l.L 1'.\T!I:.-..:~ 11\'PL:.~fLS.~ION [(YrhkT L:J"ltUN ,\Lt f',\'rlf:-.~1~ !IYrt:Rn:~:.;:10~ 11rri:a11:.-.:!'IOS 

percentage of patienlS 

Ch.111~.c: in NY.HA d.1:.s 
l111p1ovt'tl by l i.:Lis:)CS: t.u· 1.9 0.0 0.0 
lmµwvctl IJy 1 d.is:. 238" 22 6 25.0 12.7 
Lr11ch.u1gnt 64.4 66.0 62.5 65.7 
\\'c>rscm:d 5.9 .l.S 8.3 7 .8 
D.tra 111is:si11~ 1.0 1.9 0.0 0.0 
>-l'o11complcrion of study 4.0 3.8 4.2 l3.7 

\)caih l.O 1.9 0.0 3.9 
Other 3.0t 1.9 4.2 9.St 

Ch.tHf l"' in 6 ·minu1e "~,dk disrnncc. 
~ 10% inrrl.";.l_'>t:. .i7.f>§ -19.1 2S.O 25 .• ::t 
< 10% im·rf';.i~ ro < 10% ,ii:~n:.1sc t2.6 .l7.7 47.9 .12.4 
;:;. 10% dt:cr~-..1..sc l.~.9 ~.7 22.9 25 ; 
11,11.1 mi,~in!~ 5.9 7.5 ·1.2 16.7 

Combined cud poi1H lf>.R1 20 R 12.5 ·1.9 

~ r 0.03 f(>I' 1hc i:cimpMison oi' r.llCS of impro''l':mcm (by o ne or 1wo ..:JJsscs:) with the pl:Kcbo µtoup. 

tTn;.umc111 w .. ~ dist"ontimu:d io .111 t lnct: p.u1cnu. 

fTn•;umcnr "'"'s di:s~·,mtinnc:cl in 1(1.wcn p aticnt.s, .met thrc:e patient.i.: withd rC\'/ rhi:~r ..:(m~ellf. 

§P'='"' 0.06 for the i:ump.irison wi1h 1hc pbi;:clu..1 ~roup. 

1r""0.007 tCw •he ' omp;u ison wirh the pl.tcclx> w-oup. 

u.o o.o 
7 .3 19.1 

69.l 6 l.7 
l0 .9 4.3 
0 .0 0.0 

l2.7 l4.? 
36 4.3 
9.1 10.6 

.l0.9 19 .1 
lO.O 4(; 8 

U.7 17.0 
164 17 0 

:). :l ·U 
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Figure 2. Kaplan- Meier Estimates of the Likelihood of Completing the 12·Week Study. 
Reasons for not com pleting tho study included death, d iscontinuation of study medication, and 
w ithdrawal of consent lsee Table 2). 

TABLE 3. MIJAN ( :!:$0) CllA:<(;E FROM llAS!i LINE <:-.: H !i,'10nY'1MllC VALUES 
()VRJ:-./( ; 12 \Vi;i:~.$ «W Tr urn.Ar\' WITH l~tlAI l~ll ILOPRO"T OR. PJ •. \ CF.BO . • 

VARIA8lf PLACEBO GROil.i f> ILOPROST G ROUP 

Pulmon.uy .urn y pn::ssuri.:: (mm H~) 

Cmfo1r omput (liters/ min) 
1~11lmon.uy \.';ls.cubr n:sist;uwc (d~·n· ~cr·on .,) 

Sys1~mic <ll1cril1 prc~urc: ~mm H~) 

Rii:hr itrfl·ri.1l 1ucssure (mm HtJ 
l'ulmo n.wy·.Hrt·ry \\'t.·d~~e pn:ss.url'" (mm Hf,) 

Art:.:ri,1.1 c1xy~c11 .t,u nr.lli01l ~ 't) 

l\lix('d WllOUS UXV~t·n S..tll!r. lt lrnl (%) 

I lc.n 1 r.&h: 1 hc..·.1ts/nun > 

r.r:ruRl: 
INl lAl,..\ f lON 

m 1t11n !.SO 

- 0.2= 6.9 --0. 1 = 7 .. ~ 

-0.19:!:0.SLt + 0.05 ::0 .86 
• 96 :!:.122: 90:275§ 

-0.2Z l 2.~ - l.7 +12.S 
> 1.-1:!:-l.Rf • 0.5 ! 4.6 

l 0.7T .l 1> f l.l +4.7+ 

- 1 .r~·-t.4! - 0.4:!: 3.7 
- .t2 t-- 6.7t - J. 1•7.6 
-1.2!:9 .5 - 1.8 ± 12.4 

\•n.::-l 
::-.•!t.\l.:\l ll) N 

- -1.6 ±9 . .lt 
+ 0.55::1.lt 
·- 239 :?:279t 

-·1 .. l :! l3.61 
- 0 .R:!:4.6 
• l.8 +5.31 
- 1 A • ~t7; 
; l.M I X.J 

-2.25.!: 12.6 

· r··or tht: ilopws1 ~nn1p. bo1h prdnhalJtion and po..,1inhal.11io11 v,tlues .l licr 12 weeks ~uc ..:omp.m~d 
with 1hc h"sc-line ""hu:~ .11 swd~· 1,:nlr)'· 

f P< 0.001J(1r1hc JiOCn.:1Kc from IM$c-linc vJlucs. 

jl'< 0.05 for the di:tl'c:rcni.:e frorn b.1sc:·lillc:. v.1l11c.s. 

§l'<..0.0 1 tbr th~ .. :omp:irison with the pl.Ki:bo group. 

1JY< O.Ol for the diOCreucc from b.uc· line '"l.lues. 

group than in rhc placebo group ( change, I 1.4 2 :!: 
2.59 vs. -r0.30± 2.45; 1'= 0.015). The 1ypc of pulmo­
nary hypcrtrnsio n had no dfcct on this out..:omc. 

in the placebo group (dropping from 48.6± 16.9 to 
47.4:!: 21.l, l'= 0.026 by analysis of..:ov"ria.t1Ce). The 
EuroQol health-state score improved from 0.49± 0.28 
to 0.58:!:0.27 in the iloprost group and was un­
changed in the placebo group (0.56:!:0.29 w 0.56:!: 
0.3 1, P=O.l! by analysis o fcovaria.ri.:c). None of the 
other measures ofrhe quality oflife were signLficantly 
different between the groups. 

Quality of life 

l'vkan scores o n the EuroQol visual-,maloguc scale 
improved significanrly (from 46.9 ± L5.9 to 52.8 :: !9.1) 
in the iloprost group but. were virtually unchanged 
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IN HALED I LO PROST FOR SEVERE PULM ONARY HYPERTENSIO N 

Clinical Deterioration a n d Deatn 

One patien t <lied in the iloprosr group during the 
12-wcck srudy, ;1s co mpared wirh t<.iur patients in the 
p lao:bu g,ruup ( P = 0.:'17) ('fable 2 ). Critcri,1 for clin· 
ic1l deterioration were met in 4.9 percent of pJticnts 
in the iloprost g ru11p and 8.8 percent of rhose in rhe 
placebo p;roup (P = 0.41). This in<liotcd th,1t fewer 
patients either died o r deterio rated in rhe iloprosc 
group than in tE1c placebo group (4 .9 percent vs. 11.8 
percent, P= (l.09). T he type o f pulmonary h}•pcm:n· 
sion had no cffen on the outcome. During the st udy 
period , no ne of the patients rcceiveJ a lung transplant. 

Safety 

T he tOtJl number of potients who lud serious ad­
verse events diJ nm diller si~ni lic;int l v between the 
g.roups (1c1bk 4 ). Right ven~riculru- failure and ede­
ma were mun: than rwice as frequenr in the plaedw 
~roup as in the ilo prost group. Thc total number of 
synco pal events in ca(h of the two g ro ups was sim­
ib1· (eight in 1hc iloprost g ro up and fh·e in the pla­
..:ebo group), but these events were m o re ofren con­
sidered serio us in rhe ilo prost g roup. Sy1Kope was 
not associated w ith clinical deterioration o r prema­
ture withdrawa.1 from rhe srndy. S~·m:opal cvenrs oc­
curred m ore th.111 two hours afrtr the last i11hahitio11 

( ofren afrer an overnight break), were exercise-induced 
in two patients, were indtKe<l by br;i<lwardia in two 
patients ( associmed with gastroenteritis. in one patient 
.md wi th verapamil therapy in the other), and rcs1ilted 
in head trauma in o ne pati<:nt. Flushing and jaw pain 
were more common in rite iloprost g;ruup, bur these 
.1dverse efli.:cts were mostlv transient ;md mild and 
were nor considered to be "serio us in anv patiem. 

DISCUSSION 

The results of this dini..:<11 rrial demonstrate that 
long-term inhaled administration of aerosolized ilo ­
p rost , a stable .analogue of prostacyclin, improves a 
..:Linically important combined end point consisting 
ol' exercise capacity, NYH.'\ class, and cli11ic1l deteri­
o ratio n in patients with selected forms of pulmonary 
.1rtcrial hyperrcnsio11 and chronii; thrrn11bncn1bolic 
pulmo nary hypertension. t.forcovcr, iloprost improved 
several sccunda ry me! points. 

Since intr.wcnous cpoprosteno l was shown to im­
prove survival among the most severely ill patients 
with primarv pulmo nary hyperte11sio11, it has been 
lll1ethical to perform rando mized clinical trials among 
patients with pulmonary hypertensio n in which sur­
vival is useJ as an end point. We chose a combined 
rather than a single end po int ( e.g ., rhe d istance 
walked in six m inutes) in order to make a more rig­
o ro us determination of whether in h~led iloprost w~~ 
e tlkacious. Nearly 40 percent of all p<1tic11ts who wen: 
trea.tcd with iloprost increased their six-minute w,1lk-

ing: distance by at least J 0 percent. I lowcvc:r, only half 
.. 1s many patients also had improvement in the NYHA 
da .... , ; conve rsely, 1101 all pa1i.-n1s w ith an irnprnvc1m;nt 
in ::-JYHA class had <ll1 iJicreasc; o f ,It le.1st l 0 pcr<:em in 
the distance walked in six minntes. Thus, althu11gh 
o n ly 17 percent of patients in the iloprost group 
reached the combined end po int, a s\lbst;1nti.al num· 
ber o f the remaining patients met less strict criteria 
lo r clinical improvement rhat would warrant contin111;d 
thcn1py. Furthermore, sigui lic.mtly fewer patiems in 
the iloprost g roup than in the placebo group prcina· 
turclv discontinued the s tudy as a result of lack o f 
effi..;,;cy or other reasons, suggesting that even when 
iloprost therapy docs not produce substanti<tl improve· 
rnent, it 111ay stab ilize rhc. clinical condition . 

The mean inhaled dose of ilo prost corresponded 
ro 0.37 ng per kilogram u r budy weight per minllle, 
which is eonsiderabl)' lower than an effective iJ1travc­
no us o r subcutaneous dose.z.ix 1lms, targeted deLivcry 
of prostanoids to the pulmonary vasculaturc by means 
of inhalation may substantially reduce the d rug re· 
q u irements. 

T ABLE 4 . 1:-<CID!l N CIC OF SERJOU'S "-"fl O TllER A D\ '(i!<.)E E\'EN'l'S.' 

ILOPROST GROUP PLACEBO G ROUP 
VAKIAIU: 1111=101) (N = 1Di) 

no. of pa111:ints (%) 

SerlrH1s :id\''-"~C" C\ 'Cnt 

A11y cv!.!11t lS (27.7) 15 (.H.5'1 
!tit~llt ve mricnl.1r failure 4 (4.0) 10 (9 .8) 

.11,11 n1cm.1 
~rn.-opc s (5 0) 
0 1l1n1 .n (J2.7 ) _;5 (3+ .~t 

Adv~,.SI: C:\"C,"t lft 
Any cvcm 9 1 (90 .1) 90 (R'l.21 
l11t:fc-J>;cd ..:ou~l1 39 (38.6) 1(, (25.5) 
I kJthc:hc 30 (2Y.7) 2U ( 19.6 ) 
Flu.slun~ 17 (26.7 ) Y ~H.H ) 
lnllucn:z:a-likc ~vnJr11mc 14 (I 3.9 ) 10 (9 .8 \ 
I.'c:riphc:r.11 e(len;;\ 13 ( 11.Y) 16 ( 1.5.7) 
~;msc:;t 13 ( 12.9) 8 (7.8) 
J.tw p,Un 12 (11.9) 3 (2.9) 
Hypor~ nsio11 I I (10.9) 6 (5.9) 
l)brrhe'J 9 (8.9) 11 ( 10.8\ 
Vcnign 7 (6.9) ll (10.8' 
Syncope;: & (7.9) 5 (·1.9) 

Other .tdvcrsc c\·ents§ 296 277 

•The most ~omm._m Jtfwrsc c\rcttrs ;tfc IU:tcd. 

p 
VALUE: 

0.63 
0.16 

00.1 
0 .8S 

O.X2 

0.05 
0. l l 
0 .001 
0.39 
0.69 
0.26 
0.02 
0.22 
0.81 
0.~6 
0.41 

t T hc.-se C\'CllU indutfnl .u1 .1ggr.w;Hfon r"·acrion {.m t.•v1._•nr c.111sinr. cmt· 
1.·crn Jbour pOs<i:ibk dcrcrior,1rion) in four p.uit.:nr" in rhc 1lopr<1sr )lronp .ul(t 
tivc p.u i('ms in die p l.1ceho j!rOup. hypoxcmiJ iu two pJtic-nts in rhc p l.Lee ho 
!tru np. pucmnv ui.1 in l\~o ('Jtic:u1s i11 the ill.lprus1gniup,1.id 1v'c.ttdi.1 i11 LWu 
p.uic.::11L.!<i in 1ltc ilvpru~I ~roup ;md um:: in 1hc placc::bu ~roup. l.1hotdlury­
tcs1 .1bnornt.tli1ic:s m l\\'O p.-un:nts in 1hc iluproM group. d ti.:.sl l'·•in in two 
p:u ic.-11ti; i·n t"-'~·h grou~'· .11\ d d~'SJU1e.1 in 1w11 p:.1t i1.~11ts in t•-1d1 r."•up 

tl>Jld '''C~c ,\v,.ul.lblc fi:1r IOI p.Hic ms in thl· p!Ji.:cbo f_mnp. 

~"ll1c number is 1hc w1al number of nihcr ;1d\'crsc C\'Cllls. 
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The New E ngbnd Jo uriul <> f .\l<:didnc 

I .ikc orhc r investigators, we tOund rh:it rhc bcnctir 
was g reatest amo ng pat~icnts wirh pri111:1ry pulmonary 
hype rtension aml \VJ~ similar lO 1ha1 or cpuprostcnol' 
.md boscntan .l9 Althut1g:h patients with no nprim<try 
rrnlmunar~· hypcrle11sio11 lrnd improvement in the: 
srnres for the Mahler D yspnea Index and quality-of­
lifC measures rhar were similar ro those ;u;hievcd in 
patients with primary pulmo nary hypcnension, ti:w­
cr sud1 patients reached rl1e co mbined end point, 
and they ;iJso had a smaller ;tbsol11rc change in 1 he dis­
ra111:e walked in six minutes. Similar results have been 
o btained with the use of orhcr drugs for pulmo nary 
hypertensio n , indudin11. cpoprosrcno J,'O bcrapmst,' 1 

<llld treprostiniJ. l < 

He111ody11;1111ic assessments of preinh,1latio 11 values 
showed that v.1lues stabilized in the ilo prost grm1p, 
whereas they d1.:tcriurared in rhe pl~1cebo group_ The 
degree: uf dcrcriorarjun may be 11ndercstim:ircd, since 
patients who disco ntinued trcarnlt:n t prcmaturclr did 
not undergo follo w-up hc111ody11a111ic examination. 
Posrinhalation assessments of hcmodvnamic v,1riabks 
dem onstrated a significant improve~1cnt in tlu: ilo ­
p rost. group, as was <Ultidp,itcd o n the b:1sis of pre­
vious rcpo rrs:'-' 1-13·lf• Since the acute hcm0Jy11amic 
respo nse did not differ between the groups, it appears 
unlikely rhat to lerance develo ped over rhe 12 -weck 
course: or iloprost treatment. During long-term treat­
ment, the patients' hcmodynamic st<ttus is somewhere 
between prc:i11h abtirn1 :ind pos1 i11lialarion values_ [11 
comparison, cominuo us intrJ\'enous therapy may re­
sult in a more susrairn:d hemodynamic impruwmenr"'; 
however, continuous intra,,eno us ther~py also poses 
consider<1bk r is.ks, i.nd11ding rclapsc after the imer­
rupt ion of therapy and complic<Jtions, and is d ifilcult 
to administer. 

With respect IO adverse cvc11ts, flushi11g. was more 
co mmo n in the iloprost g roup, but the frequency of 
most of the otlher inhalation-associat:ed side dli:cts 
was similar. There were more syncopal episodes in the 
iloprost group than in the placebo gro Ltp (eight vs. 
fi\'c ), and these episo des were 111ore frequent ly dctined 
.1s serious adverse events, but they were no t associarc,I 
wirh clinical deterior,uion. Since synco pe occurred a 
rebtivcly long rime (two to nine hours) ali:cr the List 
inhalation, the lioss of an dkct o f iloprost may have 
caused t hcse events. Howc\•cr, rb1.: same side dli:ct 
was observed with bosenr:m therapy, suggesting that 
rhesc drugs may have a mure prn no1111ced effect on 
blood pressure during exercise. Altcrn.itivcly, paticms 
who had clin ical improvement with therapy may have 
bewme mo re physically active, challenging rhe lim ­
its of their ..:ardiac reserve. We would advise patients to 
inno.:ase their physical activity g radual lv alicr the ini ­
t iatio n o f therapy for pulmo nar)' hypertension. 

The inhah1rion devi..:c thar we ust:d p rovided accu­
rate Joses o filoprost. However, it is nor battcry-ddv.:n, 

~nd inhab tion commonly required 10 minnrcs. Dif~ 
fcrcnt tcchni<]ucs of ad m in istcring acrnsolized ilo prost 
rc~u lt in simiJ.1r .1c11te lmuo d ynamic clkcts :1s lung 
,1s identical doses :ire delivered to the respir;1tory tract 
in :1 par ride size s11 itahlt: :for alveolar deposit ion_ IU.< 

With other techniques, the duration of inhalation may 
be shortened considerably. 14 

In condusion, this large, placebo-contro llt:d trial 
demo nstrates the efficacy and sakty of inhaled iloprost 
for t"hc: rrc~mm:nt of severe prim<iry p1 tlt11.onary hyper­
tension and selected fo rms of pulmonary ar terial and 
chronic thro111boem bolic pulmonary hypertension . 
The advantages of inte rmittent inhaled t her,tp)' over 
intr.1veno us thct;1py, coupkd with the improvement 
in a number ofdinically m eaning ful variables, suµ;gest 
that inhaled ilo prost therapy is clkctivc_ It may be :1 

sui rablc: alternative w ..:onriJrnous intravenous prusrn­
cydin, cspc..:faliy in patients who do no t dnive a clear 
survival benefit. wirl1 intravenous rhcrnpy. 

.S1q11)ot ln1 by ~dlcring. lkrliu. Cc11n;H\y. 1\ ll the .111rh<H·'$ h:1\.'e tinanci.ll 
n:l.Hi()mhipj wi1h Schcrin~. the sponmr of t he tt11dy. The n:l;nlo nships dif­
rcr ;unonµ: 1ht: ;mt hors ;md inclurlt:" ..:mploym~m , consult:mcv, m~mbcr.s.hip 
11i rhc $l·icntitic .;,uh'1$ory ho.1rd .. md $upport fo r wo rk ,is im·cst1,.:.1rvrs. 
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EXHIBIT 3 

Drugs 
Priority NOA and BLA Approvals in 2004 

Priority New Drug Application (NOA) Approvals : 
Applicant Chemi cal Review Approval Indication 

' Type Classlrtcatlon Oate 

Acetadote 1s 1nd1cate<:1 to be 
adrn1r.1ste1ed u~tra\'Onously \•Jithin 8 to 

NQ2.i 539 Acetadote At:ctyl1;y'!iteme 
Ctnnberleind 

3 P, 0 .2J~Jan-Ot1 10 ho~rs atter ingestion of a 
rtmrm"i s..>0tP.:nr1ally h~p.atctoxic quarn1ty of 

a.:er.rurunopht""n, to rir1~Vt~nr or lessen 
hir.opatic HlJllry. 

f,lirntd 1~ u~U1C:cH.~d 111 lhe treatmenr. o f 

remetre,ed 0 1-f,~b-
patients w1t11 malignant pleural 

NO? 1462 Ali mt a 
t>11od1um 

Eli Lilly l'.0 
0'1 

mc.!.sothefioma whose r.hseJse is either 
unr~sectable er who are orherw1s€ not 
Ci'ndtdates for cura·t111e surgery. 
Senslpar ;s indicated for the treatment 
rtf ~econdary hyper()aratt1yroa1ism 111 

N021688 Sens1pe:11r 
C1nat:alce t Amgen p OS Mar· pat ients w ith chrontc k1dr1ey d1s:ense 
H·yQr·ochloric1e C4 on di~l·rs1s. afld the treatment ot 

h1;percalcemia in ptttients ,~•th 
p.:trdlhyro1d Cdrcino1na. 
r1uma1\ ~ecrettl"I is 1nd1cared for (1) 
$tirnulatioo of pan;,:re,at1c !'ecretio'lS, 
including lJ1(.arl>onate. t o ard 1n the 
di<-tynosis of µd11credLic. exuui11e 
~ly~funCtlon, (2) Stimulation of gawln 

N021756 Human Secreun Human 
Chirhoclin P. 0 0'9·A Jr~04 5t1.r:ret1on to aid in the diagnosis of 

Secr-et1n 1 gastnnoma, and ("3) St1mulAtlon of 
pancreatic secretions to fac1htatP the 
idcntif1cat1on of t he ampulla of Vater 
t\nd accessory papilla our1ng 
endoscopic retro9--ade 
:..:hol.:$rlo,op:JncrcJtcsr3phy (EP.CP). 
Apokyn 1s 111d1cated for the acute, 
!ntermittent treatment of 

N02126'1 Apokyn 
/\.pomorph1ne 

Bertek p 20_1, r"'04 hyµomobil ity, "'off" apisot1es ("end-of-
hy<lrochlonde µ dos~ wearing off' and unpredictable 

' 01voff" episodes) associated with 
:u.1vanced Pitrkrnr..on's <.11se111se. 
Vitras~ i::. inmcated as an adju·1ant to 
increase th~ dbsorption artt1 d1spersron 

:"J021&.IO Vitrase 
f111!nf' ls ta p OS-May- of c tner injected drugs; for 
liyaluromda~e Pharms ()4 hypodP.rmorlys1'5; .and ;," ;m adj1mn rn 

subc1.1taneous ur09r <1ph v for 11n prov1ng 
!"'Csorption o f radiopaq1,.1e .Jgents. 
\'ic1a7a 1s indicated (or th'-~ rreotmP.nt 
of p<~tlems with the follow!ng 
myefodysplas.tic s·1ndrorne subtypes: 
refrcctory anemi a; or refractory 

19-M<iy- anemfa w1tr1 ring~d ~ideroblasL-s ( f 
N050704 V1daza Azacitidine Pharmion P, 0 

04 
accompanied bv neutropenta or 
01rombocytopeo1a and reqrnring 
1:r.:rnsfus1ons)~ ref ractory onen11a w1!h 
excess blasts. re fra ctory anemia with 
ex:~ess blast s in transformation. a11d 
chronic myelornono<yt1c leukemi21. 
f.:,,lima i!i indit:flte!d for the treatm~nt of 

N02 l497 Ahn1a Nitazoxanl<:le Remark 3 21-Jul ~04 ctiarrhea caused by G1ard ra Lomblia in 

patients 1.2 years and older. 
Campral is incicated for th'? 

Acamprosate maintenance o.f <lbst1nence from 
NG214:3! C.mpral L1pl1.a ? 29·J1.1l · 04 alcohol in patients w1tl1 alcohot 

Cdlciom Cependence who are abstinent al 
treatmenl m1tt.t!lion. 
Truvada is indicated 111 combrnat101 

Enitricirabine ; with o ther dntiretroviral .:)gents (such 

N02 l 752 Truvd~a 
renotovtt Gil~dd p 02-Auq- o:lS non·nucleoside r~verse 
01soproxil Sct€'nces 04 transcripta!>t:o inhibitors or protease 
Fornarate 111~ih1tors) tor the rrearment of HfV-1 

infection In adults. 
P~1 1 t-.:tule Cdh.imll rrt!>odiull1 I'> 

NOl J J4 c; Pi'-_ntr.t~t~ Calchim 
Pcnr:~tam Pha--ma ll·Aug- indicated for the trc;?atmen~ of internal 
calcium Hameln p cont.:irrunal'!on 1111tti p lutc)n111mr Tnsoc11urn 
Tnsodi1.un GmbH 

04 
•1l'l11?n('ilm1 or q1n um to rncrea..:;e thr.,. 
rates of ehmmabon. 
P~ntP.t?1te Zinc Tns()d1wn is indicated 

f'h<1 rma for Tht" t retttment of internal 
NLl2 l 151 P~ntetate 7 inc P~nt~tl!ite 7 inc ?i<1meln p t 1-Aug- con\aanin<ition \.\i1rj) ph.1ton1U1n, 

rnsodtttfrl i nsodium Gmbli ft.::~ -'lmericium or cunu1n t o incr~ase t he 
1 dtes of ~lirninati<mw 

ttl.p://ww\v .fda.gcv/D rugs/Developmen!Approval Process/H owD r ugsareOevel O!)edandApp-oved/D rugardBiologi c.ApprovalR eports/ucmOS 1209.htm 1/3 
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.. J.uinex h. tn.J C:rltcd fo1 tht? relief or 
J K!' rHs.al Jod no1l·nasal :;,yrnptorns of 
nNPflO!~I ill!Ng1c rhinitis, ~nd 111~ 

r.,.1c2 1 r.;;«d Clann~)( /1('<.l()r,1t;irJ ne :;!"h("n"ICJ p 'l -S:r..1)~ "ymptc01rit1r rehit?"f ot prrn1tus1 

04 "e'duLt;on m t he number ry.f hives, and 
i;1::-e ot l' l'Jrl:S, 111 p._~bent.s \.'IOlth chrome 
··Jtf)Pdl!l!C LIJl'•(df"ld HI c;luldr ~n 6 
~nonths to 2 years of d g tl. 

"AllnopJex is mdic:crned tor tht' 
:.re.:itrrient of [lat1en1.S w1th known or 

N0216S3 Manop.le}l 
ins~l uule 0€<.}uS'Sd 

5 p 'H)Lt- ~u~µ~ ... ted 111ternal u.mtJm1nation w1lh 
i)n1~Sian Blue l..:mite<l c1· ra<110~1c.th•e cesium ind/or ri10Joact1ve 

·lr ''on~radicact1·J? ttialhl1m to :ncrease 
rhe1r f.=ires cf elimmatlOrl. 

/,mphadase is indicated as ;rn cirJjuvant 
to irrreasc rte ab~orption rina 

Nf1i i665 A4 11ph;~r1as.e ,,.,,phart;i~e b,mph.,.rar p 2ti~f)(t-04 01~persion of t)ther rnJ~<::"ted drugs; for 
(hyaluron1dttse) {l1va luron1dc;se) Phnnns · :1ypodermoclys1s; and as an ad1unc:t 111 

:.utxutaneous t.woqr avlly tor rrnprovinq 
re~orpt1on oi ra<lioµaque agenls. 
I f!r~ev<' 15 indicatt>d for the t reatment 

1\1((~ 1743 Tarce:t~ r~·Jrcl'va t8~Nov-
of locally advclnc.ed 1Jr metaste1t1c Non 

(erlot1nibJ {~rlot1n1b) 
GST Ptlarms p 

1)4 
Small-Cell Lung Co11ce1 (NSCLC) ar'ter 
f<tilur!.! of nt. ler.Jst 011~ oriur 
4.ht:mot11e rdPY re91rii~n. 

Pentetate 
0 1-D""- Kelac<>I is i nd1Citled for the tredtrnent 

tW2t7$G Kelocol Cal<.1t,:m CIS-US p of inte1 nal conta1ri111~tiun w1lh 
Trisodium 

0<1~ 
plutonium, americium. or cur ium. 

Pentetate Linc 111-D'O'C- Kela2~n 1s 1nd1cat ed for c.t'le treatment 
N021787 Kdazm Tnsod1um CI S-US ~ p 

0-1· of internal con~anunation w1tn 
µlu1011ium, d me:ndun1, or c.ur1uin. 

1\,-D.,c- V1:;;;100 Olue is 1od1cated as an aid i n 
N02 l610 Vision Blue TF""ypan s1~1~ DORC p 

()4 ophthalni1c surgery b y stamin~J !:he 
cJnleno1· ( aµsule of the lens. 

Pr~gaptarub 1/-0ec-
Mao1qen is 1n<Jicated for t he treatotenr 

NOJ.l756 MaCL19en 
sod1om 

Eyetech p 
04 

Qf neovascular ( " etJ age-related 
macular deg~neralion. 

S.aqrn!'lavir Hoff rnao-La 17-0er-
'nvir~1se 15- indicated in comb1nat1on 

NOlt7f3S tnvirase ~ with othClr anoretrovi(al agents to: the Me<ylate Roche 04 
l~PM.11'lll-1'lt of' l!JV- l 1nfP<"hOrl in ad ult5:. 
t~n;ilt i<> indicated for the manag~rncnt 
of S:P.:vere chrome pain 111 PtJt1ents rcr 

Clan 28-Dec- wr.om intratht:itt'll (IT) th~rl9py is 
N021060 Prialt Z1r.onot1de Pharms 

p 
04 v:arranted ano who are intole(an~ of or 

refractOl'V to othe, l 1 e.dtrnent. sucl1 .as 
sy:::.t~inic analgesics. ddjurict1vc 
therapies, or Jr mor phine. 
Clolar i s 1ndicat~d fo1· tile {realrnent of 

28-Dec- p~d1iitr 1c put ients 1 t o 21 ye,us old 
~J02l6 l3 Clolar Cl ofarabme Gen.!:vme P, 0 

M wlt h relap.'l'Ehi or refrac.to1·y \'H':'.\Jte 
lymphoblastic l~ukemla after at least 
t wo prior r~gur1ens. 

N021779 Venta''" Il-0prost CoThedx: P, 0 29-Dec- Vent.ovis is inrJ: i.:ar.ed for the t reatment 
M of pulmonary <irterial hypertension. 

Lyrlca i s i ndicated for tt>e 

N021446 Ly rica Pregabali n Pfizer 1 p 30-0ec- manageme nt of neuropathi c pain 
04 dssociated w i t h d iabet ic 

peripher al rneuropat hy. 
Pr io r i ty Biol ogic License Application ( 6lA) Approvals: 

BlA p _ t N Proi>er A 1. t Review Approval 
Nu mber r oprte a r y ame Name pp ican Cl assification Date I ndicat ion 

Bl! 2S084Et Mux Cetux1n1ab 
tm:....1one 
Systems 

8L'.25085Av~Stin Bev ac:1 z ll rnab Gene ncerh 

8U25104 Tysabrl Nat.al1zurnab ~~~en 

BL125103 Keuova11ce Pi;slifeni1in Amgen 

NOA C h e m ical T y p e : 
1 • Nt'! ... v mnl~i:!Jlar entity 
2 - New ~~ter. ne"°" s:tft, or other noncovaler.t d~rivotive 
3 M New frHmul.alion 
4 - New com blncit1on 
S - New manufacturer 
7 - Drug ~lreadv marketed, bLt: w1rhOlJt an approved NOA 

Rev i ew Classification: 

p 12-Feo-
04 

26- Feb-
04 

p 23-'lov-
01 

p l!:i·Dec-
()4 

Erb1tu>: is md1cated for the t(eannenc or' EGFR-express1n9, met.astatic colorectal 
carcmom.a in patH~ots \'vho are refr actory r..o 1rinotec:an-based chemolher-.apy (in 
comb1nalion '~"1th fnnott-t..dn); T.-~d tment of EGFR·express1ng, metastattc 
1...olorec..t.Ctl carcinoma 111 patients who dre intolf:!rant lo innotecan-o3secf 
c:hemottieraµy (adn11nistered ,15 a s ingle agent). 

/\vast tn iS: Indicated for t he f l(St-line treatln ent of patients w1l11 ni~tastatic 
car crnorna of the colon ond rectum (1n combmat1on with lntral/enous S­
fluon>1~rac1t-baser1 chemother.,py). 

Tysitbri Is i ndicatell "'the treatment: ot pct1e11ts with relapsing form~; ct rnui~Pl<:: 
sclerosis (MS} t o reduce the freQ1Jenry of <:l1n1cal P.xact~rha.r1ons. 

Kep1vance is 1ndicate·::I to decredse the incidence and dur<tt1on of severe oral 
1!lu(.CS.it1s in pdtients with hern<1tolog1C rnclign~.mc1es receiving ml;'elornxic t l1erao\ 
!'€quinng hematop0iet1c ster"n c.:cll supoorc. 

P ~ ttr tority Review .S1gn1flcant imr.ro•.-cmcnr cornp i1rcd ' o m\·H·kctcd pr(')dllc.rs, in the tn~r;tment. d1agnos1s. or prt:'.f~nt:ion t.1f a ct1'S~l!lse. 

0 ~ Or phC:ln Designation ~ Pu r'Sl!-1nt to Secct1011 5.l6 l)f thr~ Orphan Drug JI.ct (fJubhc Ll'-" 9 1~a.14 as: amended). 

trttp://Www .fda.gov/Drugs/Oevel opmentApprovalProcess/How Drugs areOevel opedandApproved/DrugandBiologi cApproval R eports/ucm051209.httm 213 
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• 'IDA ?ltia3, "l'noplcx "'''" tcntJtovdy .1pprovcd on Octob~r 14, 2004 . 

.... '\JDA 217861 K~l~c.dl ;,vQS tenldt.Jvt'fy dlJOf"ovetl Q rl l°N<-l:!'ltlbt:r 1, 2.0{)..t 

.- ' JOA 11197, {el.n1n was tent~t,vely a:nu·oveo ol'\ Dl!e.eml''!l" 1, 2004 . 

P~qe La-st Updated : 02/1i/2012 
Note H you need h~lp a(ce5sinq 1flh)rmatiot'I 11'l d1f terE' M t •le formats, "Se~ i f1Structions. tor Oownloadinq Viev1ers i"nd Players. 

Access1b1l1ry .._-,,ontact FDA Cilrcers 1-<DA Bil~Ks FOtA ~!o FFAR An S1tc rvu1p Tr.1nsp;, rcncy website Po l1n('s 

U. ';::.. food and Or u1 Adm1rns trat 1tm 
l 1}JQJ New Hcvnpsh1re A1Jenue 
S•lv~r Sprif\CI, '10 20993 
Ph, 1-888-l~iFO-FOA ( l ·BBS-463-6332) 
Conract FDA 

t'ilt-1£'~ ,,. a c m ~ ~ 
For Government For P---iess 

Combinat ion Products i\ dvisory Committees Sc ience & Research Regulatory Information Safety Emiergencv Preparedness International Programs News 8 
Events Training and Cont inuing Education l nspecuons/Compliance State &. Lo{al Of'ficials Consumers Industrv t"tealrh Professtonals FDA 1\rct1ive 

<t, U.S Oepartment (')T H<':~lth & Hu:m."ln ~vlcf?' 

Links on this page: 
1. http; I / www.ocldth1s.com/bvokmark.php?uS.08.-. true&v :;.• 1523.username :.;; f dama•n 

2 . hap:1/ww w .adctth1oi;.com;bookmark.r:hp 

:1. idei ault.htm 

1. 1Druqs/default-htrn 

IJ. j()ruqsjOevelopmentApprovatProc.ess/default .htni 

6. /D~ugsjOevelopmrrtApprovillJ'liroc.ess/!'iowDrugsurcDcv!"lopcdandAppro\'ed,.;ctr.fault.btm 

, . /Or1;g~/De1J el opme11t~ pprov<"ll Proce ss/t-tow Orugsc reOcvelo ped ,, ndf\pproved/ Druya ndE:iologic:Appruv.JI Reports/ def<! tilt. ht1n 

8. /Ort.:gs/l )¢VelopmentApprovalP1·ocess/default.titm 

9. /Ort19'5.iDeve1op11,entAµprovalPracess/HuwD!"Ugsare:DevelopcdandApprove:d}dt!fat1lr.h tm 

10. /O-ugs/Developmcnt~pprovalProcess/HowL>rugsareD<>velopellondApproved/Drv9an<IB•olDQiCApprov•lReportS/'lefaulr. 1 1tm 

11 • .'Drugs1Developmer.tApprovalProcesS/Ho" .. Oruq~areDevelor.ed3nd.4.pp.-oved/DruqandB1ologir.ApprovalReports/ANDAGe1lencD1·ugApprovals./det<lult. l1tn· 

1£. /Ort1<JS/Ot~velopmi'mApprov11IProcess/HowDrl1gsareDevelopedanrtApproved1f;r1.1g<indB1olo9!rApprov;} IR!"'pc,..to;/fND.4ct1vityReports/defa1!1t.htm 

13. iOrugs/Oevclopmcr-tApprovalProc.ess/t-iowOr ugsarct'evefopedandApprovcdiDrugunctBiolog1cApprovalReports;NDAand8l.AApprovalR.cport!;/default.htrr 
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EXHIBIT 4 
f <111mnJ of /urmrn/ Mnlidnf 20115: 2 58: 199-2 I S 

1au14y 

Current treatment strategies for pulmonary arterial 
hypertension 

s. H. urn & L. J- R UBfN 
l,.rom tlie Uivisio11 of P11/mo1rnry <11111 Crilinrl Can• Meilirine. V<P<rrt11ie11t of M•dici11e. U11iven·i1y of l 'alifor11i<l. San Oi'!/O. Lii )0!111, CA. USA 

Abstract. Lee SH. Rubin LJ (Uni~·ersity of California. 
San Diego. La Jolla. CA. USA). Current treatment 
strategics for pulmonary arterial hypertension 
(Keview). / ll1tem Med 200 5: 258: 199- 215. 
Pulmonary arterial hypertension (P/\H) is a disease 
characterized by an elevation in pulmonary artery 
pressure that can lead to right ventricular failure 
a nd death. Although there is no cure for P!\H. 
newer medical therapies have been shown to 
improve a variety of clinically relevant end-points 
including survival. exercise tolerance. functional 
da:>s. lrnemodynarnics. cchoc.:ardiographk: parame­
ters and quality of life measures. Since the intro­
duction of continuo us intravenous prostacyclin, the 
treatment armamentarium of ilpproved drugs for 

Introduction 

Until the introduction of intravenous (i.v.) epopros­
tenol in 1995. the prognosis of pulmonary arterial 
hypertension (P AH) was dismal as treatment was 
Umited only to supportive measures. The median 
survival was 2-8 years with an estimated 5-year 
survival of 34% llJ. Epoprostenol was a therapeutic 
breakthrough that brought new hope to those with 
PJ\H. However. treatment decisions for PAH were 
relatively uncomplicated as they were limited to this 
one medication. The situation today is qui te differ­
ent: the last decade has witnessed considerable 
growth in clinical interest in PAH that has been 
paralleled by scientific advances in our understanding 

© 2005 Blackwell Publishtng Ltd 

P 1\H has expanded to include prostacyclin ana­
logues with differing routes of administrataon. a 
dual endothelin receptor antagonist. and a phos­
phodiesterase-5 inhibitor. ~elective emlothelin-A 
receptor antagonists have shown promise in clin­
ical trials and are likely to be added to the list of 
options. As the number of medications available for 
P!\H continues to increase. treatment decisions 
regarding lirst-line therapy. combination treat­
ments. and add-on strategies are becoming more 
complex. This article reviews the current treat­
ments strategics ror PAH a nd provides guldellnes 
for its management. 

Keywords: drug therapy, hypertension. pulmonary. 

of the pathobiology of this disease (fig. 1 ). Reflecting 
this expa nsion, the lirst expert consensus statement 
on primary pulmonary hypertension (PPH) pub­
lished by the American Co.liege of Chest Physicians 
in 1YY3 was a 14-pagc document [2}. ft has now 
evolved into a 92-page updated. evidence-based 
monograph [31. 

There are now three classes of medications that 
have shown efficacy in the treatment of PAH: 
prostanoids. cndothelin receptor antagonists (ER.As). 
and phosphodiesterase-5 (E'DE-5) inhibitors (Fig. 2). 
These medications differ in terms of their pathway 
targets a nd mechanisms of action. indications for 
use. routes of delivery, and sidc-dfcd profiles. The 
challenge lies in integrating the available information 

199 
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Fig. I Number of publishod art.ides por year listed in PubMe<l 
m11for the ,\foSH hc;1di11i; 'hypcrtemiuo. pulmonary'. http:// 
www.pubmed.go• (acc.,~sed ·115/0~l. 

into a sound treatment um! munagement plan thal 
provides optimal care for patients with PAH. 

Establishing the dfognosis 

The classillcation scheme for pu lmonary hype1ten­
sion was recently revised in 2003 at the Third 

World Symposium on Pulmonary Hypertension held 
in Venice and is shown in Table l. Group l 
pulmonary hypertension pncompass•'s PAH. the 
focus or this review. whilst a variety of secondary 
CaLlSCS of pulmonary hypertension are grouped into 
groups 2- 5. Eilective treatment ol' PAH is dependent 
upon establishing a definitive diagnosis. Pulmonary 
hypertension resulting from secondary causes 
should be excluded as many of these conditions 
are treated with alternative approaches. Recom­
mendations for systematic work-up have been 
recently reviewed [4. 5]. Published expert guidelines 
suggest that all patients with suspected PAH under­
go formal right heart catheterization (RHC) prior to 
initiation of treatment. RHC provides important 
diagnostic and prognostic information based on a 
thorough characterization o r the cardiopulmonary 
system. 

Ma ny secondary causes of pulmonary hyperten­
sion can be most thoroughly investigated by l.{HC. 

An elevated pulmonary artery occlusion pressure 
suggests the presence or left-sided heart disease 
caused by systolic or diastolic dysfunction. or 
valvular heart disease. Findings of la rge v-waves 
suggest significant milral regurgitation. A signifi­
cant systolic pressure gradient across the putmonic 

Fig. 2 Tar~ets for current or 
em~rgitig 1herapies ho pulmunacy 
arrerlal hypenension. Three major 
pathways involved In abnonnal 
proliferation and con 1rac1ion of the 

smooth muscle cells of the pul· 
mooary artery In paclenr.s with 

pulmonary arterial llyporteusion 
are ' hown. Th~o patbways w r· 
respond to importa nt therapeutic 
1arge1s for the medicullons used to 
1rea1 !his condlllon: cndothchn 
rec<·pr.or nntagoni~ls, phosphodi­
esterase-5 inhibitors. and prosta .. 
noids. Plus signs denote an increase 
in 1he intracellular. concentration; 

m inus sii;ns blocka~" of a receptor. 
inhibition or an enzyme. or t1 

d~-crcasc in rhc intr:tccllvlar 
concentralion (Reproduced wilh 

pennission from Humbert et al. 
{1001: Cop;vrlf;hl .ZOOS l.fossuchu· 
sel.ls Modica! Society. All r ights 
rnservetl). 

© 2005 SlackweLl Publishing Ltd /011rr111/ of l111m1a/ Medidne 258: 199- 21 5 
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REVI EW: TH ERAPY flOR P UL.\i!UNt\l{ Y H Y PERTENS JU.'.'J 201 

Table I Cl<L>silir<1liu11 or pulmmi.ry hypcrtensio11 (\'"nice 2003: 
.-cvi,tl(I [rorn Evi"n 199 X) 

cJroup J. Pulmo nul)' <ir-lery hypc:rh:n.sion O'Al l) 
1. l ldi<>palhic fll'AH I 
1.2 l'amilial (Fl'i\Hi 
I.} Assuciat.t.'tl with (AP1\H) 

I . \ . I Colla~~n vas.:ular disease 
I . 3.2 (ongcni1al sysmmi('~rn-pulmonary s hun~s 
I . ~-3 Portal hypertension 
1 .. 1.4 IHV infection 
I .J. S Drug;s anU toxins 

I. }.6 Other (l hyrui<l disorders. glywgcn sl.orage disease. 
Gaucher tlisease. bplem .. '<::torny. hcredil<.iry 
haemorrhagic telangicctasia. haem<>globinop"lhy) 

1.4 Associarr.d with signific ;.lnt venous or capillary involvement 

1.-t. l f>ulrnonary vcno-ocduslve diseuse 
1.4.2 Pulmonary capillary hacmani:iomatosis 

1.; Persi:;tcnt pulmounry hypertension of the newborn 
Group 2. Pulmonary hypedension with left he art dise""' 
Croup 3. Pulnwrntry hypcrlcnsion associmc<l wit.Ii lung disease 

and/or hypox"emia 
Group 'I. Pulmonary hyperrenslon due IO chronic Lhrombotic 

;ind/or c .. mbolif disease 
Croup 5. Miscellaneous (sarcoidtJsis. hlstiocyrosis X. 

ly mphang,lomyomatosis. cornpri"ssion of r>ulmonary 

vc:;sefs) 

valve is indicative or pulmonic l'alve stcnosis. 
Sampling of blooc£ to measure oxygen saturation 
from the ven <1 cavae <md right he<1rl chambers could 
lead to the diagnosis of an intracardiac left-to-right 
shunt by demonstrating t he presence and location of 
a 'step-up'. 

Echocardiograms alone should not be used to 
diagnose or monitor the course of l:'AH. The 
diagnosis of PAH requires documentation of a 
mean pulmonary artery pressure > 2 5 mmHg at 
rest or >30 mmHg with exercise with a normal 
pulmonary artery occlusion pressure. The echocar­
diogram di.rectly measures neither. and only pro­
vides an estimate of the right ventricular systolic 
pressure based on the tricuspid regurgilant velo­
city. This can underestimate or overestimate the 
true pulmonary artery systolic pressure. depending 
o n a number uf factors. including the quality or 
the echo window obtained and presen ce or 
;:ibsence of pulmonary outflow obstru ction. Under­
estimation can lead to delays in treatment. whilst 
overestimation may expose patients to incorrect 
diagnoses a nd unnecessary treatment. Fin ally. the 
h aemodyn amic responses t.o acute vasodilator 
testing cannot be i:eliably asscsscd with cchocardi­
ography. 

General measures 

l'lr!Jsical 11clivil11 

Althou gh we recommend <m a ctive lifestyle that 
promotes general cardiovascular health. PAH 
patients shoo.Id be counselled against activities that 
abruptly increase the work or the hea rt during 
cxenion l6J. Patients with mild PAii may have only 
minimal symptoms with exertion. whilst those with 
more ad vanced disease may experience dyspnoea at 
rest. excrtion al lightheadedness. syncope or chest 
pain. which arc indicative of irnpuircd right vent ric­
ular performa nce. Grading of function al capacity in 
PAH is usually based upon the World Health 
Organization classilkution scheme. which is a 
modification of the well-known New York Hearl. 
Association heart tidlure functional clussitication 
system (Table 2). Functional class is nn important 
prngnosl ic marker and has been used as nn end­
point in PAH clinical trials. 

Diuretics 

Loop diuretics a nd potassium-sparing a ldosterune 
inhibitors can be used w control signs and symptoms 

Table 2 World Health Organiwtion d~ssifica lion of functional 
status or patients with pulmonary hypen enslon 

n cscriptlon 

f'<1tients with pulmonary hypertension in whom 
I here is no limitatlon of usual physical activity. 
Ordinary pbysic1.tl activity does uul cause increased 
dyspaoea. fatigue. che:;t pain. or syncope. 

II Patients wtrh pulmonary hypertension who have 
mil<l liinitntion of nsm•I physical activity. There is no 
dl~comlort nr rest. but normal physical activity 
causes increased dyspaoea. fatigue. chest pain, 
or presyncope. 

W l?c.1tients with pulmonary hyperlcusiou who have 
a marktod li111.itatiu11 or pb,ysical activity. Tncre l' no 
di>comfort at resl. but less t.han orrlin11ry acrh·ity 
causes incn.~1scd dyspnoea. fatigue. chest pt-tin . 
or pre$ync:opc. 

IV Po!lenrs wilh pulmonary hypertension who are unable 
to pt::rfonn any physical activity ut rest and who may 
l1ave signs of d yht \'entricuJar failure. Oyspnoea 
a nd/or fotigue may be pres<11l at r.,,;t dl1d symptoms 
are increased by almos t ;,my ph,ysici.ll :.icrlvity. 

Adapted l'rom R.ich rt al. I LO I (.Primary pulmonary hypcrlc nsion; 
Executive Sunmrnry. Evian. Prance: W'or ld Heallh Organization. 
1998. 
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or volume overload from righl ventricular failure. 
such :is hepatic congestion. ascites and lower 
extremity oedem a. Diuretics should be used cau­
tiously to avoid precipitous reductions in preload. 

Supplemental oxw1e11 

llypoxia is a potent pulmonary vasoconstrictor. 
le~1di11g to incre~1sed pulmonary nrtcrial pressure 
both a cutely and chronically [71. In patients with 
P/\H complicated or c;;iused by chronic hypoxaemia. 
supplemental oxygen can i111prow haernody11an1ics 
by decreasing the mean pulmonary artery pressure 
;iml incre<1s i11 g tlw uirdi<:1c index. t.hus decreasing 
the calcula ted pulmonary vascular resistance [8]. A 
relatively h igh incidence of sleep-disordered brea­
thing. in a pattern s imilar to lhe Cheyne-Stokes 
respiration pattern seen in congestive heart failure. 
has also been observed in idiopathic pulmonary 
arteria l hypertension (JPAH) [9 j . This nocturnal 
periodic breathing pattern can produce or aggravate 
hypoxaemia und can be markedly improved with 
su pplemental oxygen. The use of supplemental 
oxygen to mnint<1in arteria l ox-ygen saturation 
above 90'Yo both at rest and with exercise is 
recommended. 

Cardiac glycosides 

The role of cardiac glycosidcs (e.g. diguxin) in PAH is 
unclear. When administered intravenously to 
patients with ll'J\H and right ventricular failure. 
there is a modest. but signiticant. acute increase in 
cardiac output (3.49-3.81 L min- 1) [10]. However. 
long-term bcnclits of' chronic cardiac glycoside 
administration in PAR have not been reported. 
Well-designed clinical tria ls are needed in order lo 
furt.ber assess the role of cardiac glycosides in the 
management of l'AH. 

t111ticoagulation 

t\lthough there have been no prospective. random­
ized. placebo-controlled trials (RCT). evidence from 
several studies suggests that t he use or chronic 
anticoagulation in patients with P1\H improves 
survival [11-13 J. Patients with PAH arc likely at 
higher risk for thromboembolic complications 
because of their decreased uclivity level. slower 
blood blow. dilated right-sided heart chambers. and 

for some. the presence of an implanted centra l 
catheter for administrering Pi\H medications. The 
fragi le haemo<lynnmic state and limited cardiopul­
monary reserve of patients with PAH place them at 
risk fur death even frum a small thrnrnboembulism. 
Anticoagulation may also reduce the propensity for 
i11 sit11 microvascul.-.r thrombosis in the distal 
pulmonary arterial circulation that is commonly 
observed pathologically in PAI-I. 

In the absence of contraindication s. chronic 
anticoagulation should be a standard component 
of I.he LTeatment regimen in patie11ts with l?AH. 
Expert guidelines recommend a goal international 
nornrnlized ratio of 1.5 1.0 2.S lime,~ control [14]. 

Specific treatment of PAI I 

Calciwn channel blockers 

Treatment of PAH with calcium channel blockers 
(CCBs) is reserved for patienr.s who demonstrate 
evidence of acute vasureactivily. currently delined as 
a reduction in mean pulmonary artery pressure 
~W mmHg l.o a level that is ::; 40 mmHg. with a 
normal cardiac output during testing with an acute. 
short-acting vasodilator such as in haled nitric oxide 
or iluprost or i.v. epuprostenol or mlenosiue (4, 15]. 
Although the definition of vasoreactivity has chan­
gcci somewhat over the ye;irs. the underlying 
prin ciple remains the same: only those with signi­
lkant haemodynamic reversal of pulmonary hyper­
tension during acute vasod.ilator testing should be 
considered candidates for chronic CCB treatment. 
The rationale for this stems from the thought that 
the primary driving force for P.l\H in these patients is 
signiticant reversible vasoconstriction, rather than a 
structural pathological vasculopathy due lo chronic 
remodelling changes. 

t\bout 13% of ll'AH patients exhibit acute 
vasorcactivity, and o[ this group. only half experi­
ence sustained benefit from chronic CCB trea tment 
f I.bl The same can roughly be said about patients 
with anorexigen-associated PAI I. Therefore. 
although those with acute vasoreac livity may 
benefit from chronic CCB chc:rapy, a signilicant 
number of these patients do not. 1\cute vasoreac­
livity is unlikely to be found in patients with ocher 
forms of P AH. and amongst these. the Hkelihood of 
sust;1incd benefit from CCB treatment is exceedingly 
rare [l ?j (Fig. 3). Accordingly. CCB therapy has 
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T ype of PAH 

Acute 
vasoreaciors" 

Long-term responders 
10 calcium-channel 
blockers• 

46% (27/57) 

Fig. 3 Brea kdown of long-term rt:spo nder.; tu c.1lcium diannt:I blocker (CCBl monotherapy amongst thos<: who are acutely vasureaclive. uy 
[ypc or PAH 1dara adopted from Sitbon re al. t l ilJ. 
;

10ther includes PAJ-1 as sociated with co nnective Ussuc disc.use. vcno-ocdusivc disease, pulmonary capillary hucmangiomatosis. human 
immunodd kicn cy virus:. portupnhnonary hypcrtcn.liion, famili;1I and congcn tral he art ckfcc ts. 
h,'\cutc \'awreaclors Wer< defined by a foll in both mean pulmon ary ariery pressure and pulmon<U)I vascular resislante > 20%. 
i.:Lt.mgAcrm rcspondl!rS w e-re defined as those bc:ing in functional class r or [J all:cr at lea.st l }'ear on CCB monothcrapy. 

been relegated for 1USe only in a handful ul' patients 
with PAI-I. 

All patients treal.ed with a CCR should be closely 
followed for evidence of bcnctit as those who do not 
respond have a survival rate that approximates that 
of untreated PAH [(12). This is particularly import­
ant as 11ewer and more widely effective therapies 
1hal specifically larget the pathogenic processes of 
PMI are now available. Their initiation should not 
be delayed when lTeatment with CCBs is not proving 
effective. 

Prostanoids 

Epoproste1wl 

rn 1995. epoproslenol. or prostacyclin (flolan). 
became the first dru!( approved by the United States 
food and Drug Administration !FDA) for d1e treat­
ment of pulmonary artery hypertension. Epoproste­
n ol is a potent, short-acting va:sodilator and 
a ntiproliferative agent whose efficacy and safety 
h ave been well documented in numei:ous short and 
long-term cliriical trials and observational studies 
r 18-221. It is the only medication for PAH that has 
shown a survival bcnctit in a randomized clinical 
tria l [l 9J. 

Epoprostcnol is 1.videly considered lo be the most 
potent and ellicacious treatment for P AH. Althou gh 
U has been most extensively studied in IPAH and 
PAH associated with the scleroderma spectrum or 
disease. epoprostenol is also useful in PAH associ­
ated with systemic lupus crythematosis (23]. HIV 

infecliOD (24). portopulmonary hypertension [25 j , 
and Eisenmenger's syndrome [26). Epoprostenot is 
indicated for use in functiona l classes TH and IV 
PAH. 

The beneficial acute effects of epoprosteno l stem 
from its potent vasudilatury and, probably. ino tropic 
actions. whilst the tong-teFm effects are Likely 
attributable to its antithrombotic properties and 
effects on vascular remodelling [27- 29]. \1Vith 
chronic admini.stration. epoprostenol lowers pul­
monary vascular resistance lo a level beyond that 
achieved during acute vasodilator testing [30). 
Reports of su ccessful withdrawal of chronic epopr­
ostcnol t herapy suggest that reversal or the vascul­
opathic process may be achievable in some pa tients 
[Jl]. 

In a long-term follow-up study of patients with 
rPAH treated with epopros tenol. McLaughlin et al. 
observed survi\'al rates or 88%. 76% and 63% at 1. 
2 and 3 years respectively (21]. [n a similar study. 
Sitbon et al. reported survival rares of 8 5%, 70% and 
63% (20]. Survival ra tes in both studies were 
significan tly belter tha n those predicled by the 
Nationa l In stitutes of Health Primary Pulmonary 
Hypertension (NIH-PPH) Registry equ ation [l ]. 

Of the tbcrapics available for PAH. cpoprostcnol is 
the most complex to administer. It requires a portable 
infusion pump for continuous i.v. administration 
through a cen tral catheter because ofits short h alf-life 
(<5 min ) and high pH ol' the diluent. fee packs 
must be used to keep tbe infusate cold as the drug 
is unstable at room te mperature. The most 
common sidc-clfccts arc jaw pain. ilushing. headache. 
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diarrhoea and arlhralgias. Many of these side-effects 
<ire close dependent. and respond to conservative 
measures or decreases in dose. Patients are also al 

increased risk f'or catheter-related complications such 
as infection and thrombosis. 

The complexity of continuou s i.v. epoprostenol 
lhcrapy and its attendant risks has led lo the 
development of stable prostacyclin analogues that 
can be administrated by simpler routes. In contrast 
lo cpoprostenol. the prostacyclin <.malogues arc 
stable at room temperature a nrl can be diluted in 
physiological saline without inactivation [32]. These 
characteristics <l llow them to be delivered by the 
iulrnled or subi.:ulaneo11s (s.c.) ruules. 

'/'r('prost i11il 

Treprostinil is a stable prostacyclin analogue with a 
lrnlf-life of 55- H ? min 1321. ll can be adn1inistered 
subculaneously using a minipump. sirnilar to that 
used t·o deliver insulin. The infusion site is typically 
rotated every few days LO minimize local skiu 
reactions. 

The therapeulic clticacy of s.c. lreprosti11il was 
investigated in a large, 12-week RCf involving 
patients with functional classes 11- fV IPAH or PAH 
associated with connective tissue disease or congen­
ital systemic-to-pulmonary shunt [33 J. The trepros­
li11il group had a small, but sig11ilk;rn1. increase in 
the 6-minute walk lest (6MW'l') compared with 
placebo ( + l 6 m). The magnitude of efTeet appeared 
to be dose related. Although effective. !he improve­
ment in 6MWT seen with trepr:ostinil appeared to be 
relatively modest when compared with sh1dies that 
used epoprostenol [19. 201. fmprovemcnts were also 
seen in haemodynamic parameters and the Borg 
dyspnoca score. However. deaths and study discon­
tinuations because of clinical worsening were not 
significantly u ifferent between the two treatment 
groups. 

Notably. 8 'i% of patients reported pain at the 
infusion site and 83% had an infusion site reaction. 
leading tu discontinuation of the study by 8%. Other 
commonly reported side-enects included headache. 
diarrhoea. nausea and rash. Five patients (2%) who 
were receiving treproslinil were lransitioned to 
cpoprostenol for worsening clinical status. Long-term 

data from an open-label extension study has shown 
continued efficacy of s.c. lrerrostinil alter 24 months 
of therapy [HI. 

Treprostinil can also be delivered as a continuous 
i.v. infusion. It is dcJsed simila rly lo s.c. treproslinil as 
they are biocquivalcnl at steady state l.351. Twelve­
month data from a prospective transition study of 
i.v. cpoprostenol to i.v. lrcprostinil has shown it to 
be effective in this form [36J. This was accomplished 
wilhout evidence of deleriurntion. ~uggesting lhal 
epoprostenol's benefits were being maintained by 
treprostinil. It is import.a nt to note that no RCT 
using i.v. treprostinil a s initial treatment has been 
performed. Its ellkacy in !his situation is extrapola­
ted from 1J1c biocquivalcnce dat.a to s.c. Lrcprostinll 
and the fact that s.c. treprostinil has been found to 
be effeclivc as au initi<tl trcatmeut regimen. 111 
general. experience with i.v. treprostinil is relatively 
limited. 

CJnc advantage of treprostinil over epvproslenol is 
that it does not require constant cooling as it is 
s table al room temperature. The lon~er half-life may 
also lheoretically allow unintentional dose interrup­
ticms to be better tolerated than epoproste nol. which 
has a very short half-life. The s.c. route also offers 
the advantage of a less complex delivery system 
i.;omparcd with the i.l'. rou te <JS ii dues nol require 
an implanted i.v. catheter: however. it suffers from a 
high incidence of skin infusion site complications 
that may limit its u sel'uluess. Trcprostin il is also 
being investigated as an inhalation tn:attment. 

lloprost 

lluprost has been marketed as both an i.v. and 
inhaled medication. [tis stable at room t emperature 
and ambient light and has a plasma half-life of 
almost 30 min 1371. Most of the attention has 
focused on iloprost as an inhalation drug. This route 
allows it to selectively promote vasodilation in the 
pulmonary artery circulation whilst minimizing the 
systemic effects commonly associ<ated with i.v. 
prostaooids [38. 39J. The inhaled rout e also pro­
motes drug deposition and selective action to !hose 
areas !.hat are well ventilated. thereby minimizing 
ventilation-perfusion misma tch. This may be espe­
cially important in patients with PAH who have 
underlying parench ymal lung disease. In contrast. 
i.v. prost.acydin incre;ises the shunt fraction in t.his 
setting l38j. 
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The s;1fcty and cllicaqr of inhaled iloprost was 
studied in a pivot al 12-wcck RCT involving 203 

palients with functional classes Ill- IV IPAH or PJ\H 
associated with appetite suppressants. sclcrodcrrna. 
or inoperable chronic thrombocmbolic pulmonary 
hypertension (Aerosolized lloprost Randomized. 
J\fR) (401. Those receiving inhaled iloprost showed 
significant improvemenl in the combined primary 
end-point or 6MWT. functional class. ~md absence of 
dinic<1l det.criorat.ion. in addition to lhe dyspnoea 
;;111d quality or life scores. >lotably. this study 
produced positive r esults for inhaled iloprost despite 
including a signific<Jnt proportion of cl:iss lV 
patients. The greatt:st benefit on the 6MWT occurred 
in those with rPAH compared with nun-IPAH and 
t he magnitude or change was similar to that seen in 
:studies using i.v. epoprostenol [191. i\ subgroup 
analysis of AIR showed no benelit of inhaled iloprusl 
in those with chronic thromboembolic pulmonary 
hypertension. 

The inhaled route theoretically provides the 
~1dvantage of minimizing systemic side-effects asso­
ciutcd with infused prostaooid therapy. However. 
the incidence ol' reported adverse events from the 
pivotal s.c. trepruslin il RCT f3 3] and the inhaled 
.iloprost RCT [40j shows rnLxed results. respect­
ively: hcad<'lche (27% vs. 30%). diarrhoea (25% 
vs. 9%). nausea (22')(, vs. 13%). jaw pain (13% 
vs. 12%). vasodilation/flushing ( l l '!'o vs. 2 7%). 
dizziness/vertigo \9% vs. 7%). and oedema (9'Y., vs. 
13%). f\s expected. increased cough was a com­
monly reported side-effect in the inhaled iloprost 
study. 

lloprost requires administration six to nine times a 
day. with each inha lalioa taking 5- 10 min through 
a special nebulizer device. 

13eraprost 

iBcraprost is an orally active proslacydin unalugue 
that has been used in Japan si11ce 199 5 for the 
treatrnent o[ PAH (41]. rt was not until 2002. 
h owever. that the first RCT of beraprost was 
published which showt:'d short-term dficacy in 
improving exercise capacity a11d symptoms [42). J\ 

simi lar, hllt longer RCT of 12 months dllration was 
.subsequently perroirmed in I.he US [43j. This study 
confirmed the short-term benefits of beraprost seen 
in the previous trial: howl:!ver, these improvements 
were no longer evident at either 9 or 12 months. 

Therefore. as monotherapy. beraprost lrns found 
lilt.le use in the management of l'AH. 

'!'his trial highlighted the impol"lance nf perform­
ing longer-term pivotal P/\H drug trials lo investi­
gate the durability of short-term gains. !\ primary 
end-point measured at 12 weeks. which is not 
uncommon in the published PAH literature. may 
not accliralely reilect. what happens lo that end­
point in the long-term. In the case of beraprost. 
although it may not be useful as monolherapy in the 
chronic management of PAH. lhe prospect or having 
an orally acth•e prostanoid in t he treatment arm­
ainenturium is <Jppealing. Further studies may be 
warranted t.o determi11e whether an oral prostanoid 
could be effeclive as part of a combination treatment 
regimen. Beraprost is currently approved for use 
only in Japan. 

Endothelin receptor antagonists 

Since the characterization or endothelin (ET-lJ in 
1988 as a potent vasocornstrictor [44]. numerous 
lines of scicntilic evidence have pointed to a prom­
inent role of ET in the regulation of pulmonary 
vasomotor tone and possible role in vascular 
remodelling. processes which are important in the 
pathogenesis or PJ\H. Antagon ism of ET recertors is 
now tirmly established as a therapeutic target for 
patients with PAH. 

The endolhelins represent a family of 21-aminu 
acid prot eins derived from vascular endothelial cells 
w it h three known isoforrns in humans. ET-I, ET-2 
and ET-3 l45J. All three isoforms Me characterized 
by two intramolecular disulphide bonds between 
cysteine amino adds al residues 1- 15 and 3- 11. 
f.T-1. the endothelin that is thought to play the most 
prominent rule in PAH. exerts its actions via two 
receptor subtypes: ETA. which is located on vascular 
smooth muscles cells. and 1<7fll. which is foUJnd on 
both vascular smooth muscle cells and vascular 
endothelium (46]. Activation of ETA by r.,~r-1 leads to 
potent vasucunstriclion due tu au increase in cyto­
solic calcium levels via influx of extracellular 
calcium f4 7. 48] <ind release of i11t.racellular calcium 
stores [4'Jj. 

The actions or ETn are more cornplical:ed. Like 
ETA. activation of ET11 on vascular smooth m uscles 
cells leads to vasoconstriction (501. Furthermore. 
sume studies suggest that blockade of both ETA and 
ETfl is necessary to achie\1e maximal vasodilation 
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in lhe pulmonary hyperlensive state I) 1- 5 3 j. 
Conversely. other studies suggest <1 protective role 
uf ETn in pulmonary hypertension by producing 
nitric oxide and prostacyclin and clearing circula­
ting E'J'- 1 (54- 58J. Therefore. the overall net 
effect of ET1.1 in regulating pulmonary vasomotor 
tone is u nclear. There may be theoretical benefit 
iu selectively blucki11g l::'.' l'A whilst leaving E'l'n 
unopposed. 

Dual endotlrelin receptor antagonism 

Bosentau is an oral. 11onselecliveERA lhnt has proved 
ils eilicacy for the lreatment of Pt\H in two pivotal 
l{CTs f59. fiOI. The second and larger trial. Bosentan 
l{andomizcd trial of Endothclin 1\ntagonisl Therapy 
(BREATHE-I). ccmflrmed the benefits of bosentan 
g,iven a l a dose of 125 mg twice daily in improving the 
6MWT. Borg dyspn oea index. and function al class. 
whilst i11creasi11g Lhe time to cl i11 ical worsen ing f59j. 
The higher dose of 2 50 mg twice daily was associated 
with a higher incidence of aminotransferase abnor­
malities without a signific<mt increase in dlicacy. 
Consistent with a prior study showing a poorer 
prognosis in sderoderma-assnciated PAR palienfs 
[61 j. a subgroup analysis of'BREATHE- 1 showed that 
bnsenla n increased the fiMWT in those with WAH. 
whereas ii prevented delcrioratiun in those with 
scleroderma (compared with each group's respective 
placebo arms). 

[t is important to keep in mind tha l lack of 
absolute im provement in clinical parameters does 
not necessnrily equate lo lrenlmenl failure. The 
main treatment e!Tect may be one of disease stabil­
iiai.ion or decreasing ihe rale of deteriora tion rather 
than overt improvement. Whilst this may not be an 
optimal response. bosentan is s ti ll clearly exerting a 
benefic ial effect by delaying th e time to clinical 
worsening. For this reason. we do n ot recommend 
withdrawing bosenta11 lht:rapy once il has been 
started unless clinical deterioration is thought to be 
directly a ttributable to bosentan or there are intol­
erable side-effects. 

Lon g-term 'extension study data with bosentan 
show Kaplan- Meier survival estimates of 96°.{,, 89% 

and 86% at 1. 2 and 3 years respectively [62J. These 
are signiticant.ly higher than those predicted by the 
NIH-PPH Registry equation [ l] .. At 2 years. 70% 
of patients remained on bosen tan m.onotherapy. 
Clearly. the ma jority of patients experience long-term 

ben efits from bose11lan alone: however. there is 
certainly a subset of patients who will require oLher 
agents as add-on therapy as the disease continues to 
progress. 

Data regarding use of bosentan in o ther forms of 
PAH arc limited. 13R£J\THE-4. a small. prospective. 
non cornparative cohort study of human immuno­
delicicncy virus (HlV)-associated PAH patients 
showed signilicant improvements in a variety or 
dinicnl end-points including the 6MWT and Borg 
dy:;:pnoca index, indi.catiug less dyspnuca despite 
increased walk distance [ 6.3]. 13osentan had no 
impact 0 11 con!rul of the HIV i11fecl.iun. Additiormlly. 
despite t.he fact that several of the patients were co­
infected with either hepatitis B or hepatitis C virus 
and the majority were receiving potentially hcpato­
loxic antiretroviral th erapy . e levated liver function 
tests were seen only i111 a rninorily (12.5%). 

Studies investigating the use of bosentan in PAfI 
associated with Eisenmenger·s syndrome 
(BREATHE-5 trial) and functional class II patients 
with PAH (EARLY trial) are on going and should 
shed further light into lhe role of bosenlan in these 
conditions. 

The most important adverse effect associated with 
boscntan is hcpatocellular injury. Aminotrans terase 
elevations at least three times above the upper limit 
ur normal oaurrcd in abuul 5- 10% of patients 
lreated with bosenta11 in the pivotal RCTs [59. 64]. 
l.ong-1·erm safety data up to 2 years from a Euro­
p!!an postmarketiag surveillance system (TRAX) of 
patients treated with bosentan showed that the 
cumulative incidence of abnormal trausamin ases 
was about 7'Y,, [65]. There were no fa tal outcomes 
related to liver injury. 

T he likelihood of tirst aminotransferase elevation 
appears to diminish over lime: howe\•er . it can 
develop at any time. Therefore. it is important lo 
continue monthly monitoring of liver enzymes 
throughout I.he dura tion of trea tment. If needed, 
most patients can be successfully managed with 
dose redu ction or temporary cessation of treatment. 
Guidelines arc availuble in the packaging in~ert. 

Other commonly reported side-effects include Oush­
ing and headache. with a few patients experiencing 
unexplained decreases in haemoglobin concentra­
tion. 

Bosentan is a pregnancy category X drug. 
Women of childbearing potential m ust be monit­
ored with pregnancy tests before and regularly 
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during treatment 1Nith bosentan. In <•ddilion. 
women using a hormonally based method of 
contraception must use a second form of birth 
control as boscnlan decreases hormone levels. 
Boscnlm1 should not be co-administered with 
glyburide or cyclosporin because of a pharmacolo­
gical inlcradion !hal in crenses the risk of liwr 
enzyme abn()rmalities. 

Selective /J'I',1 receptOr antaqonism 

Selective antagonism of the ETA receptor has the 
theoretical advantage of blocking the deleterious 
vasocouslriGLivt: and vuscular s1nooth muscle prolif­
erative effects mediated through 1:.·rA. whilst main-
1aining the vasodil;atory and ET-1 clearance actions 

or ETu. 
The s<1fety a nd cllicacy of sitaxsentan. an orally 

;idive. selective ET11 receptor an tagonist, was 
originally shown in a sma ll. open-la bel pilot study 
I 66 ]. This was followed by a larger 'RCT involving 
functional classes ](- IV PAH patients randomized 
lo placebo or either of two sitaxsentan dosin g 
groups (Sitaxsentan to Relieve frnpa irerl Exercise. 
STRIDE-1) 167j. Patien ts receiving sitaxscn tan had 
signilicant impro\1emen ls in 6MWT. functional 
class, and haemodynamic parameters. Unlike the 
studies with bosentan. however. there was no 
difference seen in lhe time to cliniotl worsening. A 
small 1-year follow-up study showed pcrsistenr 
improvement in several clinical parameters com­
pared with baseli.ne [68 ]. Allbough potentially 
useful in treating PAII. the data Lo date suggest 
that select ivity for the ET,1 receptor does not conter 
superior effects in PAH compared with dual recep­
tor antagonism. 

The incidence of liver enzyme abnormalities with 
sitaxsentan does not appear to be noticeably differ­
ent from that seen with bosentan , a lthough direct 
comparisons are not yet available. The dose of 
warfarin may need to be decreased as sitaxsentan 
can cause an increase in the protimc inlernatiorrnl 
normalii ed ratio. 

::>everal other studies are underway with sitaxs­
cntan. STRIDE-2 is investigating the safety and 
dlicacy of sitaxsen ran compared with placebo and 
open-la bel bosenta11. STRIDE-6 is studying the use 
of sitaxsentan in patients who have failed therapy 
w ith boscn tan because of ciinical deterioration or 
hver enzyme abnormalities. Ambrisentan. another 

sel.eclivc ET "-receptor blocker. is currently in phase 
Ill tria ls. 

Phosphodiestcrase-5 inhibitors 

Cyclic guanosine monophosphate (cGMP) is an 
i11trncelliular second 111esseoger that is responsible 
for mediating the vasodilatory activity of nitric oxide 
( 1191. cGM P is rapidly inactivated by PDE-5. an 
enzyme abundantly found in lung tissue 1.70]. In the 
pulmon a ry circulation. PDE-5 inhibition promotes 
vascu lar rclaxalion by inhibiting the breakdown or 
cG!vtP. Numerous studies have su ggested a beneficial 
effect or silden afit. a PDE-5 inhibitor. iu patieMs with 
pu lmonmy hypertension from a variety of causes. 
including interstitial lung disease. thromboembo­
lism. and hypoxia 17. 71- 73]. 

A cross-over RCT of patients with PAH s howed 
signitit;an t improvements in exercist: duration. car­
diac index. and dyspnoea and fatigue scores with 
sildenafi l treatment fl4J. More recently. the results 
of a 12-week RCT involving patients with PAH 
predomi.na ntly in functional classes rr-m (96%) 
were reported in ;1 IMe-hre;iking clinic;i l tria ls 
session at the American College or Chest Physicians' 
meetin g in October 2004 (Sildcnalil Use in Pulmon­
ary Arterial Hyperleusion . SUPER-1). The pooled 
sildenafil dosing groups showed significant improve­
ments in 6MWT and fu nctional class. A more 
thorou gh evaluati.on and interpretation of SUPER-
1 are not possible until the full results are published: 
however. the US FDA has alrcudy announced 
a pprova.J of si ldenafil 20 m g three times daily for 
the treatment or PAH without functional class 
restriction. The regulatory approval process in other 
countries is ongoing. 

Further supporl!ng the cllicacy of sildena.til in 
PAH. preliminary data from a 1-year open-label 
extension of SUPER-1 pres.enled at the 2005 ln ter­
nationaE Conference or the American Thoracic 
Society (SlJPER-2) showed continued henefit of 
sildeoatu on 6MWT and functional class [74]. in 
addition to survival f7S J. 

Silden.alil a ppears to be \Vell to lerated with h.ead­
ache as the mosr commonly reported side effect. 
Others include dyspeJ)Sia. sinus congestion. epistaxis 
and back pain. No spccitic laboratory monitoring is 
recommended: however. its use is contraindica ted in 
those ta.king nitnite medications because of potcn­
tiation of hypotensive effects. A summary of the 
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currently approved medications for PAH is preser1Ccd 
in Table 3. 

Treatment decisions 

,\ treatment algorithm for PAil is presented in 
Fig. 4. 1\ll pal ients with P 1\H shcrnld be trei'ltcd with 
anticoagulants and. if indicated. diuretics. and 
supplemenlal oxygen. Por acutely vasoreactive 
patients wilh Junctional class 1 to t:arly Ill lP/\H or 
P/\H associated with anorexigen use. an initial 
strategy using a CCB is rcasorrnble. Still. these 
patients need to be closely monitored !'or evidence of 
improvement ~is up to 50% will not have a beneficial 
long-term response and thus h<~vc poorer survival. 
Those whn do not show evidence of' benetit alter 3-
6 months or CCU therapy should start treatment 
with a PDE-5 inhibitor. ERA. or prostanoid. 

Although tile most recently published evidence­
bascd treatment algorithms recommend CCB ther­
apy as first-line therapy in all patients with PAil 
who arc acutely vasorcactive. many experts are 
re-considering wht:ther such a broad management 
strategy is <i ppruprial.e. l~'or example. it may be 
reasonable to reserve use of CCBs only to those with 
aculely vasoreactive IPAH or PAH associated with 
anorcxigcn u se, as the incidence uf long-term 
response Lo CCB therapy in other forms of P AH is 
exceedingly low (Fig. 3 ). f'ur several reasons. strong 
consideration should also be given to using a PDE-5 
inhibitor. ER/\ or prostanoid instead of a CCB as 
first-line thera py for those in advanced functioual 
classes. despite being acutely vasoreactive. First. 
these patients have littk cardiopulmonary reserve 
and may deteriorate quickly if they turn out to be 
nonrespunder.; lo chronic CCB therapy. Secondly. 
numerous proven PAH-specilic therapies for ad­
v<1 nced fu nctional classes are available. Thirdly. 
there ore now less invasive and simpler methods lo 
deliver these effective medications. Thus. in <tn era in 
which the munber of definitive treatment options for 
P1\H are expanding. the role of CCBs is diminishing. 

Nevertheless. it: is still currently recommended 
that acute vasoreactivity testing be performed in all 
patients with Pt\H. The presence and magnitude of 
vasorcuctivity may have some prognostic implica­
tion. although this is controversial [76-78]. 

At present. early functional classes of PAR may 
potentially be treare<l with sildenalil or continuously 
administered s .c./i.v. trcprostfoil. although the latter 

> 
'T s 
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REVIEW: THERAPY FOR PULMONARY HYPERTENS ION 20Y 

r 
I 

r Pulmonary arterial hypertension 

General treatment measures: (1J 
anticoagulant, diuretic, oxy~en 

Acute vasoreaciivlty 
· testing (2~ 

+ 

~·;g. 4 Treatment a lgorilhm for pulmonary arterial hypertension. The recommended therapies presented in rhis a lgorithm have b een 
e <'aluared mainly m rhose wirh idiopathic pulmonary arrerial hyperrension lll'Alf), or PAH associated wilh conneclive tissue disease or 
a norexigen use. E.xtrapolation to other forms of P1\H should be made wirh caution. Med.icahous are listed in order of iocreasing inva­
s iveness. Cmmtry-Spedlic regulatory "gency approval status and funcliunal dass indicalions for PAH medications vary. 11) All patients 
~huuld receive treatmcat with an antimagulaul. Diuretics a nd oxygen should lie a dded as necessary. (2) i\ positive acute vamilator 
rc.<pnnse is dclincd as a fall in tbc mean pulmonary ancry pressure from 210 to s; 10 mmH.g with a normal or increased cardiac ourput 
when challen ged with inhaled nitric oxide. i.v. cpoprostenol or i.v. adcnosinc. t 3) Consideration should be given ro using a PAH-spccltic 
rnedicalion such as a POE-5 inhibitor. endothel1in rcccpror antagonist (ERM. or prosranoid as firs t-line treatment instead of a calcium 
d iannel blocker (CCBl in rhose with PAH rhat is not !PAil or PJ\Jl associated with anorexigen use. or in those in an advanced f'C given the 
e xceedingly low long-tenn resp0nsc rat:e to CCB moaotherapy in the former and pOor prognosis in rhe lau er. t4) Sus tained response ro CCB 
tbcrapy is dctined as being in FC I or ll with normal or near-normal hacruodynai:nh:s after several months of treatment.. 15) The ri.sks eiJ'ld 

benclits of 1reatmenr in early PAH should be wnsidercd. ((>)first-line lherapy for PC Ill indudcs l.>usenlan. epoprostcnol. inhaleu iloprost. 
sildcnaW. and s.c.li.v. lr<:prostinil. 17) Mosr experts rccommcnli i.v. cpoprost~uul as f\rsL-line trcarmenl for un slilhle p;itients in FC rv. (8) 
RCl's studyin g add-on combination rrea11neru regimens are underway. 

is rarely used in these ins tances due to the potential 
serious risks and complications rela ted to its admin­

istration. Given its oral availability. s ildenafil is an 
a ttractive option for early PAH. especially in patients 
who are class IL There is actu ally very little 
information about sildenatil's d licacy in functional 

class I pa tients. In fact. only one patient ln the 
sildenatil SUPER-I trial was from this class. Oral 
bosentan is also currently being studied for use in 
functional class 11 pa tients in the EARLY trial. 

Patients in functional classes III and IV pose a 
signiticant challenge in choosing an ioiti<il trea lment 
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regimen. For patients in class IV. most experts 
recommend first-line treatment with i. v. cpoprnstc­
nol given the extensive experience with its use. 
proven enlca<.:y. survival benefit. and rapidity of 
action. This ~s consistent with the most current 
evidence-based treatment algori t hms published f I 5. 

791. 
For the rest of the patients in class ll f or IV. 

treatment witll inhaled iloprost. trcproslinil s.c./i.v .. 
bosentan. and sildenaiil are available. Because 
direct. prospective comparisons between different 
Pt\H medications are not available (witb the excep­
tion or one study. 1liscussed below). the decision to 
use one treatment over another in the majority of 
cases will ulHmately be influenced by the clinical 
scenario. availubility of medication. preferred route 
of administration. medication side-effect profile. 
patient µreference and provider exp1·r.iencc. Still. 
there are situations in which it may be rational to 
use une medicalio11 over :rnnlher. 

Inhaled iloprost is an attractive option for P i\H as 
it en mes from the powerliJ I prostanoid class of 
medication a nd administration i::; noninvasive. Com­
pared with systemic therapies. the inhaled route 
may a lso particularly be 11sdu l in situations in 
which the ventilation-perfusion relationship is sig­
niiicantly altered. e.g. those with parenchymal lung 
disease complicating Pl\H associated with connect­
ive tissue disease. although more studies are needed 
to investigate this. 'f'he downside to inhaled iloprost 
includes t he relatively short duration of action 
requiring repe ated treatments six to nine times u 
day. Additionally. long-term clllc:acy data arc nol yei 
available. 

In terms of adminis1ratiun. lreprostinil has some 
advantages over epoprostenol in that it docs not 
have to be continually cooled a nd. at least for the 
subcutaneous form. an implanted central venous 
catheter is not required. HoweveF. long-term efficacy 
data for ~.c. treprostini l arc not y et available. As for 
i. v. trcprostinil. it has been shown to be effective as a 
tr..,nsition thewapy from i.v. epoprostenol: however. 
data arc not available "'bou t its ellicacy as initial 
treatment. Tllis must be extrapolated from lhe 
biocquivalcncc data to s.c. treprostinil. 

With respect to bosentan. it should be kept in 
mind that thc benclicial elfocts probably take at least 
8 weeks to manifest. Therefore . bosemao is not 
a ppropriate for use as munotl1er<1py in unstable class 
f\/ patients. Additiona lly. haemodynamic evidence 

of right. heart failure cJn initi;1I RHC may help predict 
poor response lo bosentan and could persuade one 
Lo use a prosta noid as first-line treatm1enr in 1.his 
si1.u<1tion 1801. For those in functional class Ill. there 
arc data to suggest t hat survival estimates up to 
36 mon ths are similar between those in i1ially trea­
ted with boscntan compared with those initially 
treated with epoprostcnol l8l I. Usin g an initia l 
treatment combination of bosentan with cpoproste­
nol may provide som e additional benefit compared 
with using epoprostenol ulonc in class Ill/IV p<1tients 
(BREATHE-2 trial) [82 1. 

Sildenatil 's place wilhin the t.realment algorithm 
is most tirmly established f'or functiona l classes If 
and ITT as 9fi% of the patients in t·he sr; PF.R- 1 trial 
were from these clusses: however. gene ral clinical 
experience with its use i.n Pt\H is slill in its infancy. 
Certainly . fur those i11 whom oral therapy is being 
con sidered and/or bosentan is contraindicated. sil­
den afil is a viable opt ior1. A more !borough evalu­
ation wil l be possible when the SUPER-1 results arc 
published. Additionally. more complete follow-up 
data fro111 SUPER-2 <tre needed regarding its long­
term ellicacy. In this r espect. at least in comparison 
wi t h the on ly other ori'll therapy available l'or PAH. 
boscntan may have a n advantage as data regarding 
1-ycar survival and need l'or add-on therapy <lrc 
already available [ 62]. ll is unknown whether the 
difference in dosing frequency between boseotan 
(twice daily) and sildenafil (three l imcs daily) could 
potentially affect treatmen t compliance. 

Keepin g these factors in mind. one sma ll. double­
blia d RCT has already been published investigating 
the ellicacy of bosentan versus sildenafil over a 16-
week period in patients witb class UI fPi\H ur PAH 
associated with connective tissue [83 j. One patient 
in the sildenalil group died unexpecte dly. When 
um1lysed by intention-to-treat. there were no signi­
ficant differences between the treatment groups with 
respect to chaoges in righl ventricle muss. 6;vlWT. 
echocardiogrnphic parameters. brain natriuretic 
peptide, or Rorg dyspnoea index. 

Combination/add-on therapy 

Unfortunately. not everyone responds to the initial 
drug treatmeut regimen ..:hosen. The nddition of a 
second PJ\H drug may be reasonable for patients 
who deteriorate or have a suboptimal response to 
monotherapy. Poteotial candidates include those 
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with worsening sympt.oms or deteriorating exercise 
capacity. functional class. or hacmodynnmics. In 
t hose iniLi;illy treated with epnproste111nl. persistence 
of an advanced functional class or lack of improvc-
1:11ent in ccnain hacmodynamic parameters at 
follow-up portend a poor prognosis 120. 62. 84]. 
These are nlso appropriate candidates for combin a­
!iun drug l11eropy. 

An a pproach that uses a combination or drugs 
that targrts difle renl pathways has been successfully 
employed in system ic hypertension and congestive 
heart failure. a nd a similar strategy in PAH may 
i.ncreasc cJTic<1cy whilst minimizing toxicity. 
Although prostm10ids. ERAs and PDE-5 inhibitors 
work through diffeC'enl intracellular pa thways. there 
may be important interactions between them. For 
e xample. the stable prostacyclin analogue cic<1prosl 
inhibits 1hc release of J::T-1 from pulrnonary artery 
smooth muscle cells. whils t the antiproliJerative 
effects or cicaprost me attenuated by ET- L [32. 851. 

Similarly. PDE-5 inh ibitors increase the intracellular 
levels or cycl ic adenosine monophosphate. a medi­
<itor for the cardiovascular effects of prostanoids 
[32). 

A handful of case series and observational cohort 
s tudies preliminarily have shown pro mising ri:sults 
11sing various combinations or sequen1·ial add-on 
t herapy including prostanoids + sildcnatU (7 3. 86. 
871. prostanoids + bosentan (881. and bosen­
tan + sildcnalil f89l However. rigorous Re rs. sev­
eral of which are currently ongoing. are needed to 
clarify definitively tile 1>roper tirning arn l appropriate 
combination or dmgs to use [901. 

Switching therapies 

Transitioning thera pies has bee11 n.mde possible with 
t he availability of less invasive and more convenient 
t reahnent options. The concept of transitioning 
therapy is one of de-evolution: going from a more 
~nvasive and complex treatment to one that is less 
invasive and simpler. Th is should be an:o111plished 
without clinical deterioration. Preliminary data sug­
gest that transitin11ing patients froim chronic i. v. 
epoprosten ol to i. v. trcprostiniJ I 3 6 J or s.c. crepros­
t inil [<fl ] can be carried out safely and without 
clinical deterioration. For patients who have made 
cidequale improvement with epoprostenol or trepros­
tlnll. lranslliunlng lo oral therapies such as an ERA 
o r PDE-5 inhibit.or may also be possible . As there are 

no guide lines available for t he selecliun of cancliclates 
for transitioning therapies. the timing, or the choice 
or agent s. I hese decisions should he reserved for 
highly experienced physicians. 

Lun g or heart-lung transplantation 

Lung or heur l-lung transpla ntation for PAH rem;iins 
the treatment of last resort when medical therapy 
has failed. t\trial septostomy can be used as a hriclge 
to transplantation in patients with rekactory right 
heart failure or as an alternative when transplan­
tation is not a vi<1ble option. Septostomy is a high­
risk procedure that should only be performed in 
centres with expertise 192 1. 

Between fanuary 1995 and June 2002. the 
Registry of the fnternational Society for Hearrt and 
Lung Transplantation reported that 427 Jung trans­
plants were perfonned around the world for lPAH 
[93 1. The majority were bilateral lung transplants 
(8 5%). Compared with other conditions l'or which 
trnnsplanlat ion was perfo:rmecl. those with fPAH 
had the highest risk or death within the lirst year of 
tranwhrn!ation. However. for those who survived 
the firs t year. I he prognosis improved considerably 
compared with the outcome of other recipient 
groups. The meclian survival <ifter trnnsplant<ition 
l'or IPAH was 4 years. 

We recommend considering transplantation for 
PAH paLlents in class Ill ur lV who arc deteriorating 
on medical therapy [92]. For those being treated 
with epoprostenol. the preseni;e of right-sided heart 
failure. persistence of Jl.iYHJ\ functional. classes IU­
rv. or t he absence of a signilicant fall in total 
pu lmonary resistance > 30% relative to buseline 
after 3 months of therapy is associated with poor 
surviva l and moy be usefnl in the consideration and 
timing of transplantation (20]. 

Monitoring treatmen t 

Pulmonary arleria l hypertension is a progressive 
disease for which no single therapy may s ullice. 
Accordingly. ongoing a ml methodic monitoring of 
the responses to treatment is crucial in order to 
optimize outcomes. We reassess the clinical status 
every 2- 3 months using noninvasive assessments 
such as functional class and 6MWT. Decisions 
regarding dose dumges or add-on therapy depe11d 
on subjective and objective criteria. In general. our 
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goal is lo improve the 61'vlWT to > 380 m and 
runctional class to l/ ll whi lst on treatment. given 
their prognostic significance [20] . ln inst:.111c«s w!w11 
add-on therapy is being considered or the haemo­
dynamic stat lJS is unclear. we perform repeal RHC. 
Echocardiogrnphy can also noninvasively provide 
usefu l measu rements that. have prognostic signifi­
cance [94- 991. 

Conclusions 

Until quite recently. PAH was an untreatable 
condition that invariably progressed to premature 
Llcath. Whilst i.v. epoprostenol. t he first medication 
introduced spccitically for PAH. is still widely con­
sidered the 'gold standard' of therapy. newly studied 
prostacyciin analogues. ER.As and l'UE-5 inhibitors 
provide alternative means of trea tment that are less 
complex yet still eflicacious for many patients with 
p Aii. 

Each ad~'amce. however. rai:scs new questions 
about first-line treatment strategies and proper use 
of combin ation regimens. Certai.nly. treatmen t and 
management decisions are becoming increasingly 
complex. Referral or P AH patients to centres that 
have physicians and clinical support staff with 
particular expertise in rnanaging patients with 
PAH may be necessary. fn the meantime. as more 
data become available, the treatment algorithm will 
continue to evolve to optimize the evidence-b<•sed 
decision-making process. 
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:>HXHmIT s~. 

iNDIC/.\TION 

What is VENTAVIS? 

VENTAVIS is a prescription medicine used to treat adults with certain kinds of severe pulmonary arterial 
hypertension (PAH). a condition in which blood pressure is too high in the blood vessels between the heart and the 
lungs. VENTAVIS may improve your ability to exercise and your symptoms tor a short time by lowering your blood 
pressure and opening up the blood vessels in your lungs. 

The study showing VENTAVIS is effective included mainly patients with NYHA Functional Class Ill-IV PAH. In these 
patients. PAH was caused by unidentified or hereditary factors (65%) or connective t issue diseases (23%). 

VENTAVIS has not been studied in children younger tt1an 18 years old. 

Please see accompanying full Presr:rihing Information and Patient 

Information, and Important Safety Information on pages 3 and 4. 

I_ INHALED 

~ entavis® 
• (iloprost) ~o'tt'i-~J~0N 
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VENt YIS®(iloprost)lnhalation Solution 
lNOICATlON 

What is VENTl\VIS? 

VENTAVIS is a prescription medicine used to treat adults with certain kinds of severe pulmonary 
arterial hypertension (PAHi, a condition in which blood pressure is too high in the blood vessels between 

' the heart and the lungs, VENTAVIS may impro11e your abiliLy to exercise and your symptoms for a short 
time by lowering your blood pressure and opening up the, blood vessels in your lungs. 

The study showing VENTAVIS is effective included mainly patients with NYHA Functional Class Ill-IV PAH. In 
these patients, PAH was caused by unidentified or hereditary factors (65%) or connective tissue diseases (23%). 

'-· > ~ •• • • •Y., ,:. ··-·· • • • • • •• 

VENTAVIS has not b~en stud_ied in ~hil9ren y~ung~r than 18 years old. 

IMPORTANT SAFETY INFORMATION 

What should f tell my doctor before takin'g VENTAVJS? 

VEl\!TAVIS. ,n~v.not be right for you. Jlelore taking VENTAVIS, tell your de>ctor about all of your medical 
conditions, including if you: 

• have liver orkidney problems. Your doctor may need to give you a lower dose of VENTAVIS. 

• are pregnant, or plan to become' pregnant. It is not known if VENTAVIS can harm your unborn baby. 
VENTAVIS should only be tiseo during pregnancy if the'lienefittoyou is worth the possible risk to your baby. 

• are breast-feeding. It is not known if VENTAVIS passes into your breast milk. You and your doctor 
should decide if you will take VENTAVIS or breast feed .. 

· Teil your doctor about all the medicines you take; including prescription and nonprescription medicines, 
vitamins, and herbal supplements. 

VENTAVIS and other medicines may affect each other causing side effects. VENTAVIS may affect the 
_ weiy other .. medicines work, and other medicines may affei;t how VENTAVIS works. 

Especially tell your doctor if you take: 

• medicines used to treat high blood pressure or heart problems 

• medicines that lessen blood clotting (warfarin,.Coumadin, Jantoven) 

Know the medicines you .take. Keep a list of your medicines and show it to your doctor and pharmacist 
when you get a new medicine. 

How should I take VENTAViS? 

• Take VENTAVIS exactly as your doctor tells you to take it. Your doctor may change yotir. dose if needed. 

• You should not take VENTAVIS more than every 2 hours. The benefits of VENTAVIS may not last 2 
hours, so you may adjust the times that you use it to cover planned activities. 

• Do not drink VENTAVIS. 

• Do not let VENTAVIS solution come into contact with your skin or eyes. If it does, rinse your ; kin or 
eyes with water right away. 

Pleas~ see ac_qomprwying full Prescribing Information and Patient lnformatfon. 
please see the Important Safety Information continued on the next page. 
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, •• c .. lMP.OIHAl'H SAfETY iFllFDRMATHlN.{cont!nued} 

• Do not allow other people to be exposed to VENTAVIS while you are breathing it, especially 
babies and pregnant women. -

~ If you take too much VENTAVIS', you may have a headache, red face, dizziness, nausea, 
vomiting and diarrhea. -If this ha.pp ens stop .. tak,irig VENTAVIS. lf your symptoms do not go 
away, call your doctor or get emergency· help right away, 

' . 
What are the possible side effocts of VENTAVIS? 

VENTAVIS may cause·side effects, including feeling dizzy, lightheaded and faint. If you have 
any of these side effects, _you should stand up slowly when you get out of chairs or bed. Tell 
your doctor if your fainting gets worse during treatment with VENTAVIS. Your doctor may need 
to change your dose or your treatment. 

Do not drive a car or operate any tools or machii1es if dizziness or fainting from low blood 
pressure is a problem for you: .. , · -

You may have troul)le breathing after taking VEN TAVIS because it may cause the muscles 
around your airway to tjghten (bronchospasm). Get emergency help right away if vou have· 
trouble.breathing. · 

Other important side effects of VENTAVIS include: 

• bleeding 

• red face {flushing) 

• increased cough 

• low blood pressure 

• headaches 

• nausea 

• spasm of your jaw muscles that makes it hard to open your mouth 

Talk to ·y~ur do.ctor if yolil have any side effe.ct·that bothers you or that does· not go away. 

These are not all the possible side effects of VENTAVIS. For more information, ask your · 
doctor or pharmacist · 

-Cal't your doctor for medical advice about side effects. You may report s ide effects to the 
FDA at 1 •800-FDA-1088. 

Please see accompanying full Prescribing Information and Patient Information. 
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More about how,VENTAVIS can help 
VENTAVIS is delivered right to the lungs-the s!te of the disease. VEN TAVIS is an 
inhaled therapy that can be given alone to help patients walk farther and breathe 
easier with daily activities. 

In clinical studies, VENTAVIS has been shown to lower high blood pressure and 
resistance in the pulmonary artery (main blood vessel) leading to the lungs to 
allow the heart to pump better.1 

VENTAVIS is the only i11haled PAH therapy which .has shown that patients have clinical 
improvement with t reatment-defined as the combination of 3 different clinical 
measurements. The clinical study showed that PAH patients treated with VENTAVIS': 

Improved functional class1 

• Patients.felt better doing daily activities 
and improved their NYHA Class. 

Many patients who felt short of 
breath (even when sitting still) found 
t~at they we.re able _tq be more _active. 

Increased their ability to exercise·1 

• Also, patients were able to walk 
farther in a timed test. 

Patients who took VENTAVIS were 
able to walk farther by at least 10% 
in a 6-minute walk test On average, 
patients who toek VENTAVIS cou ld 
walk 40 meters farther than those 

' who did not take VENTAVIS . 

. ,fixperienced less worsening of ·· 
PAH symptoms' 
• VENTAVIS decreased the worsening 

of PAH symptoms. 

PAH is a progressive disease, which 
··· means ittends to getworse if not 

treated. Many patients who took 
. VENTAVIS had less worsening of PAH. 

It is important to remember that each 
,. ' · persorirespon·ds Ciitterentli/to ttierapy: · 

Improve functional class 
~ @ ,••• lil& 

25'%. of p;tftents tnlli1edw1tb VENlAVIS improved tl'le~r NYHA 
hlnctional cfau co~;.1red tor.'• of polt!lrt$ noot t:B k.inQ VEl'fTAVilS 

Increase in a bility to exercise 
{6-i!lUllli wlfll£1 

Keep PAH from getting worse 

• 

*In a study of 146 patients with NYHA Class Ill or IV PAH, researchers compared 2 groups of 
patients for 12 weeks: I group received VENTAVIS inhaled 6 to 9 times per day, while the other 

- group inhaled placebo (no active medicine). About 5 times as mony potierits taking VENTAVIS 
had clinical improvement compared to those who took placebo during the stlfdy (19% vs 4%).l 5 

• 
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Getting your VENTAVIS® (iloprost) Inhalation 
Solution prescription · 
Your VENTAVIS prescription comes with helpful services 
brought to you by Actelion Pathways. Actelion f athways is 
your one point of contact for access to VENTAVIS; answers 
to questions about filling your prescription, and help in 
coordinating with your doctor, insurance company, and 
specialty pharmacyto find out whetheryou have c-0verage · 
for your medicine. 

Here's how it happens .. . 

1 

2 

Your healthcare provider will send 
your prescription form directly to 
Actelion Pathways. An Actelion Patient 
Sef!'Vices Counselor will coordinate with 
your doctor, insurance company, ,and 
specialty pharmacy to find out whether 
you have. coverage for your medicine. 

"· 

Please see accompanyjng full Prescribing Information and Patient Information. 
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Actelio11 Pathways is with you on your journey 
When your. VENTAVIS prescription is written, it goes to 
Actelion. A VENTAVIS prescription cannot be tilted at your 
neighborhood pharmacy. It must be dispensed through a 
specialty pharmacy that is part of the VENTAVIS network. 

Is VENTAVIS covered by insurance? 
Every insurance company is different. Our Actelion Patient 

- · Services Counselors will hetp in coordinatingwith your 
doctor, insurance company, and specialty pharmacy to find 
out whetner you have coverage for your medicine. 

If you' have a'ny questions about the servfCes and 
support offered by Actelion, call toll-free, 1-866-ACTELION 
(1-866-22!~-3546) Monday thrnugh Friday, 12 PM-8 PM (ET)/ 
9 AM- 5 PM WT). 

Please see pages 3 and 4 for lmportarlt Safety Information. 

• 
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How is VENTAVIS taken? 
VENTAVIS is inhaled through a special system callad 
ttie 1-neb® AAOlil System, which js compact portable, 
and lightweight. The 1-neb AAD System is smaU­
about the size of a box of kitchen matches- and it 
has an internal rechargeable battery like a cell phone, 
so you can take your medication almost anywhere 
at anytime. VENTAVIS should be inhaled as your 
doctor prescribes, usually 6-9 times a day, but not 
more often than every 2 hours.1 

What does AAD stand for? 
Adaptive Aerosol Delivery. 

• The word "Adaptive" is important because it means 
that this system adjusts to fit your breathing pattern 
each time you use it. It releases the medicine (as a mist) 
only when you breathe in. This device was d'esigned to . 
deliver the right amount of medication.1 

• "Aerosol" means fine mist 

Why is VENTAVIS inhaled? 
Inhaling VENTAVIS gets it right to the lungs-the site of 
the disease. There are other ways to deliver rnedications 
like VENTAVIS into the-body that require pumps, needles 
and catheters. · 

,. 

Can ltake ~E~!~VIS only with the 1-neb AAD System? 
:VENTAVlS niust be taken with the 1-nebAAD System because it 

· is the· only system approved by the FDA and' available for use 
with VENTAVIS: This ~pecial handheld system turns VENITAVIS 
:liquid rne_didne into a fine mist (or "aerosol") that you breathe 
in. Its advanced technology provides ditect-to-lung delivery 
ofVENTAVIS: 

Please see accompanying full Prescribing /nfor:mation and Patient Information. 
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A high-tech handheld system 
The 1-nebAAD System has been developed with high-tech features 
so that it: · · 

• Adjusts to fitYQIJ! breath.ing pattern each time you us'e it (unlike other 
nebulizers which make you adjust when and how you breathe) 

• Produces a fine mist that can reach into the tiny airways throughout 
the.lungs 

• Makes sur~ dosing is ac~urate every time yo_u take VENTAVIS 

• Records .treatment information to help your doctor follow your progress 

Handy carrying case 
The FnebAAD System is compact, 
portable, a.nd comes with a 
convenient over-the-shoulder 
carrying case, making your 

. treatments: accessible 'and ea'sy 
when you're on the go. 

learning how to use 
the 1-neb AAD System 
After you receive your VENTAVIS prescription and 1-neb AAD System from 
your specialty pharmacy, they will schedule a meeting between you and a 
VENTAVIS-trained nurse educator. The nurse educator will meet with you 
(either at home or in your doctor's office) to show you how to take your 
VENTAVIS t reatments, and how to use and clean the 1-neb AAD System: 

• Each treatment should take about 4-10 minutes. 

.. ~. If you notice tfiat your treafmentS are starting to take longer than usual, call 
your specialty pharmacy or your healthcare professional to ask for help. 

• Or you can call Actelion's team of Registered Nurses and Respiratory 
Therapists, who will be glad to help answer your questions. Call 
1-866-ACTELION (1-866-228-3548) Monday through Friday, 12 PM-8 PM (ET)/ 
9 AM-5 PM (PT). · 

To learn more about VENTAVIS and watch videos abo1ut using the 1-neb 
AAD System, visit the 1-neb AAD Learning Center at: www.VENTAVIS.com. 

• 

Please see pages 3 and 4 for Important Safety Information. 
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Hel.p when you start 
A VENTAVIS-trained nurse educator from your specialty pharmacy 
will be with you to help you get started on VENTAVIS® (iloprost) 
Inhalation Solution. The nurse educator will show you, step-by-step, 
how to use and clean your 1-neb AAO System. You will also get a 
more detailed instruction booklet 

Your 1-neb AAD System2 

· Mobility and portability. That's 
what you get with the 1-neb 

_ AAD System. You can take the 
1-neb AAD System with you for 
treatments almost anywhere , . 
at anytime~ 

The i~neb AAO System comes with 
two convenient carrying cases for 
your chamber lids with mesh. 

Foe fulf. details on how to use 
the 1-neb AAD System, see the 
user manual that accompanies 
your device. 

~~ Chamberlid 
· With Mesh 

- Bodv · 

"Usu~lly 6 to 9 times a day but no more than onc-e every 2hours.~ 

Please see accompanying full Prescribing Information and Patient Information. 
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Setting·up is simple and easy 

• Make sure the battery is charged. The 1-neb 
AAD System, when iully charged, will last · 
for up to 40 treatments before recharging 
is needed. 

• Hold the VENTAVIS anipulei with the blue dot 
facing away from you and align with dot on 
ampule breaker to open the ampule. 

• After removing the medication lid, put the 
dosing gi1'icje ovedfle medication chamber. 
Use the pipette to draw VENTAVIS out of the 
ampule. Carefully squ~eze the liquid into the 
medication chamber. · 

• Replace the lid, cover the latch, and attach 
the mouthpiece. 

If you have any questions about VENTAVIS or the 1-neb AAD System, help 
is just a phone call away. Contact Actelion Patient Services at 
1-866-ACTELION (1-866-228-3546) Monday through Friday, 12 PM-8 PM (ET)/ 

· · 9 AM-5 f>f;f(PT). Or calf your specialtY ~harmacy. 

Please see pages 3 and 4 for Important Safety Information. 

... 
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learn the ABCs-Angle, Breathing, Cleaning-to help you manage 
your VENTAVIS~ (iloprost} Inhalation Solution treatment These are the 
three keys to taking VENTAVIS with the 1-neb AAD System. 

1 ngle; 
Holding the 1-nebAAD System at the right 
angle ensures the best drug delivery. 

• Si~ in a.comfortable, upright position. 

• Hold the 1-neb AAD System at a 
90-degree angle· to your mouth; llke. you 
would when eating a hamburger; resting 
-your elbows-on the table while holding . 
your l-neb AAO System makes it easy. 

• The 1-neb AAD System will remind you 
with 4 short beeps if you are not holding · . 
itara 90-degree angle. 

• Holding the 1-.neb AAD System at the 
wrong angle will increase the length 
of treatment time. 

Please see accompanying full Prescribing /nformatiorr and Patient Information. 
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" reathing: 

liOl.liiill!liill• 
Proper breathing is the single most 
important part of yo·ur treatment. 

Keep your tips closed around the 1--neb AAD 
System mouthpiece asv«.>u breathe in and out 

·· ... · . · • Breathe in and out through your mouth, 
not your nose. 

• The. l~neb AAD System will take the first 
3 breaths in and out to adapt to your own 
breathing pattern. A.s you begin your 
4t•_ br~~th lQ. VEN~AVl$\·yjll be delivered. 

• The 1-neb AAO System will vibrate as you begin to take a breath in 
to let you know VENTAVIS is being delivered. 

Relax and breathe in and out in a slow and steady manner 

; While breathing in ~ slow and steady manner, try counting one 
one-thousand, two one-thousand, three one-thousand. 

• The longer you can breathe in, the more VENTAVIS is delivered 
.. ~- and youctreatmenttimes may decrease. 

• If you need a break, take one. Rest a minute or 2, then restart your 
treatment. Remember, the 1-neb AAD System will take 3 breaths in 
and out to adaptto your breathing pattern before VENTAVIS will be 
delivered again. 

Eteaning: 
Keeping your l~neh A.AD SyStem clean is important to treatment success. 
Thorough cleaning keeps the 1-neb AAD System working well. The parts 
must be cleaned once a day and boiled once a week. See the "Cleaning 
the J-neb MD System" section for more details on cleaning. 

Please see pages 3 and 4 for Important Safety Information. 13 
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To keep your 1-neb0 AAD® System in the bestworklng condition, 
clean it once a day and boil it weekly: 

1. Starting the day 
• load the blue case with 6 clean, dry chci_mber lids with mesh-, 

the blue case is always for clean chamber lids With mesh. 

• Fill .the grange case with distilled w.~ter and secure.the lid- , 
the orange case i s now ready to store up to 6 used chamber lids 

, 'With mesh. 

Lo.ad bft1e case with clean, iirv chamber 
. li.ds wititmesh. 

. 2. D,ur.ing. the day: 

Fill orange case w1tii d istilled water <l)ld 
secure the lid . 

• Re.move a chamber lid with mesh from the blue carrying case 
and place it on top of the 1-neb AAD System medication chamber. 
Close the latch and attach the mouthpiece. 

• Take your VENTAVIS® hloprost) Inhalation Solutiofftreatment. 

• When finished with your treatment, remove the used,chamber lid 
with mesh and place· it in the orange carrying case~-

• . Repeat the. st~ps_ a,oov~ each tirne you take. a VEN TAVIS treatrn.ent. 

Please see accompanying full Prescribing Information and Patient lnformatfon. 
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3. Ending the day 
• When your orange case is filled with · 

used chamber lids with mesh from · 
,,, the day's treatments, you're !'eady for 

ortce-da ily cleaning. 

• Remove the chamber lids with tnesh and 
place them in the mesh wash basket. 

• Place the mouthpiece, medication 
chamber, chamber lids wirth mesh, and 
drug guide in the main wash basket . . 

• Using only one drop of dishwashing. 
liquid;' wash all of the pieces in 
distilled water. 

• Rinse the pieces with more distilled 
water (never r~use the distilled water). 

• Shake off the water and then air dry the 
• pieces for 2 hours·before using again. 

• Be sure to clean the orange used 
chamber lid with mesh carrying case with 
soapy water at least once a week. 

Note: If you want, you can wash each chamber lid with mesh after 
each treatment instead of all at once at the end of the day. Use the 
same cleaning method described above. 

*Use any liquid detergent without bleach, fragrance, or antibacterial ingredients­
examples are Original Dawn®, Ulltra Dawn®, Palmolive~ Original, Method® Go Naked 
Dish Soap, and Seventh Generation<> Free & Clear Natural Dish Liquid. Only one 
drop is needed per cleaning. 

Please see pages 3 aad 4 for Important Safety Information. 

• 
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Why cleaning.with distilled water is so important 
Your l-oeb@ AAD® System contains chamber lids with 
mesh that has very tiny holes. Tap water contains minerals 
that can build up and collect on the mesh over time. Each ·· 
chamber lid has over 5000 holes smaller than a human 
hair. If the chqmber lids with mesh are blocked, the 1-neb 
AAD System will not work as it should. As a result, it 
may take longer to do yo:Ur' treatments. 

It is important to use ON LY distilled water for your. 
daily cleaning and weekly boil. Do not reuse your 
distilled water. Keeping the mesh clear of minerals 
is important to maintaining the 1-neb AAO System 
and to helping you manage yourVENTAVIS~ (ilo.prost) _ 
Inhalation Solution treatments. 

~--,. "~~~~ .. ,~,'·{2"-"'"'\·'.\ ',-~~;:,,,_:'"}~: -,-···-

. Once::W.eekly Cleaning~>· · 
·~ -: ~. . 

Weekly boiling 
• Put all of the parts in the cleaning basket 

(do not boil the mali-1 body). . .. 

• Boil for 6-10 minutes--do not microwave since some of the parts are·metaf 
. (also, do not wash in the dishwasher as this may damage the partsf 

• Ri.11sewith distilled water. 

• Shake off the water and then allow to air dry. 
;· li.p:.!<eep at! of'your supplies together to make it as easy as possible. 

If you have any questfons about the use, c_are, and cleaning ot your 1-neb ' 
AAD' System;just call Actelion Patient Services, toll•tree,. at 1-866-ACTELION 

... (1~866~228~3546), Monday through,friday, 12 rM-8 rM (Hl/9 AM-5 PM (PT) . .. 
Or call your Specialty pharmacy. . 

. . 
Please see accompanying fulf Presc.ribh1g lnfor_.mation and Patient Information. 
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' ,-You ~ill start with.this dose, 

I which uses. the red-latched 
· ' l rned1cat1on chamber. i 

· ·--.. -....J. 
~-....._~:/.,{{ • ~::.·~- ,._.~!~ 

. ~ 

If tolerated 

I 
Nearly all patients transition to I 

this dose, which uses the purple- 1 
l latched medicat ion chamber. 

- - -- - ~-"-.:..1~~;,,,,.......:i--- - - ... .... 

.-----------------~ 

j If you are experiencing long 
l treatment times, your doctor 
l may transition you to this dosing 
j option, which may decrease 
l your treatment time. . 
1;, • • .,.. ___ --·- --.-..... - · -.......-·--- ---,.------·--· 

Take your VENTAVIS treatments as prescribed by your doctor. FDA-recommended dosing is 
6-9 times each day, at least 2 hours apart, or as prescribed by your doctor. 

VENTAVIS 2o·mcg/ml: 
· ·Your doctor may prescribe VENTAVIS 20 mcg/ml if you have 

long treatment times and are maintained at the 5 mcg dose. 
The higher concentration of medicine lowers the amount 
of solution you need to take by 50% which gives you shorter 

. treatment time.1 . 

*Different colored chambers and dosing discs are NOT interchangeable. 
Do not use the 20 mcg/ml ampule with the purple· or red-latched 
medication chambers. 

Please see pages 3 and 4 for Important Safety Information. 

• 

17 
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Your VENTAVIS prescription comes with 
support from' A.ctelion Pathways. · 

A dedicated support tealJ1 

Actelion Patient Services provides a 
dedicated team of Registered Nurses and , 
Respiratory Therapists who are available to 
answer your questions about VENTAVIS or 
the 1-neb~ AAD« System, including: 

• Use of the 1-neb AAD System 

• Cleaning and maintenan.ce of the 1-neb 
AAD System 

If you would like to enroll in Actelion Pathways, 
you will receive information updates from 
Actelion Pathways about changes or improvements 
in the 1-neb AAO System cir new or expanded 
informatio o ·about treatriie'nt with VENTAVIS. 

If you have any questions about VENTAVIS or the 1-neb AAO System, 
call Actelion Patient Services at 1-866-ACTE~ION (1 -866-228-3546), 
Monday through Friday, 12 PM-8 PM (ET}/9 AM-5 PM (PT). 

Please see accompanying full Prescriqing lnfon71ation-and Patient Information-
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As you can see, getting your VENTAVIS involves a team of people and several 
organizations __ Here is a brief outline of the various groups you'll interact with: · 

Your Healthcare Team: Diagnoses and treats PAH. They're a great resource to answer 
your questions about PAH, VENTAVIS, and your 1-neb AAO System . . 

Your Specialtj Pharmacy: VENTAVIS is supplied through specialty pharmacies only. The 
specialty pharmacy will deliver VENTAVIS and the 1-neb AAD System to you, and show 
you how to use them. You can call the specialty pharmacy with questions about your 

~, VENTAVIS drug shipment · . ·,, · 

Your Actelion Patient Services Team: We are dedicated to helping you make your 
treatment a success. Remember, our team of Registered Nurses and Respiratory 
Therapists is waiting to help you with answers to your questions aboutVENTAVIS 
and the 1-neb AAO System. 

Actelion Pathways: Coordinates with your doctor, insurance company, and 
specialty pharmacy to find out whether you have coverage for your medication. Call 
1·866-ACTEUON (1-866·228·3546) Monday through Friday, 12 PM·8 PM (ET)/9 AM·5 PM (PT). 

, . ..... ..,, ... -.,. 

References; 
1. VENIAVIS (iloprost) full prescribing 111iormalian_ Actelion Pharmaceuticals US. Inc. May 2013. 
2. 1-neb AAD Syi;tern u:;er guide. KoninkliJke Philips flectrouits N.I/ 2010. 

Please see pages 3 and 4 for Important Safety Information. 

i-:··· 
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Actelio11 Pathways111 

If you enroll, Actelion can provide you with services and support such as 
hefping you with: · 

• Answering your questions about filling yo~r prescription 

• Coordinating with your doctor, insurance company, and ·specialfy pharma'cy 
to find out whether you have coverage for your medicine or if addit.ional 
information is needed 

• Informing you of possible financial assistance programs based on 
your eligibility 

Through Actelion's Patient Services Department, you'll also have access 
to a dedicated team of nurse educators-including .Registered Nurses and 
Respiratory Therapists. · 

An Actelion Nurse Educator can be reached from Monday through Friday, 
12PM-3 PM (ET)/9AM-5 PM (PT) at1-866-ACTELION (1 ~866-228-35.46). 

Pleasfi see accompanying full Prescribing Information and Patil:mt 
Information, and Important Safety Information on pages 3 a{Jd 4. 

· vENTA\'IS i:s a licer•st!d tt.:td~mark t,; f Bo.,. er Scluning Pharma AG. 

:.Rc:s11ir<mrcs and 1-rmb i1daptivc Aort>So1 Oalivmv {lv\01 Sy~tcm arc 
tradenrnrl:s of ot belonging to Koninkl1jkc Philips Elettro-nics NV. 

·~Accclt0r'I P,11h1·wws1s a lt.(ldE?"llal'k oi Actolirm Phar•naceu!Jc~ls, Ut:L 

Ungmal Uawr· and Ultra Oawn are registered trademart<s of Proc1er .& Gaml>le. 

?olmc;fJvF.l i~ a re~islered :radcmafk cf Coluate-P;;irno!ive Cumpanf. 
Mmhod ts 3 rcgrstern{! rrad2m3rk of Method. 

Seventh (icnerau~n is a rcgis1ere1 tr9detnark of Sc~enth G~nerauon. Inc. 

~TEllON '.,'> 2013 Ac1ciion Phorrnucou:i c•ls US. Inc. Ml nghlS roscrvcd. VEl'l·OOOG2 1013 

Vent av is® 
(i loprost) ~~~t\1J~0N 
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Selected Important Safety Information 

~ Tyvaso 1s breathed in ( inhalable) through your mouth into your lungs. 

Tyv;iso should only be used w 1l11 the Tyva~o lnhal;,it1on System 

11 The effects o i Tyvaso ar<:: unknown in patients w it l1 lung disease (such as asthma 

o r chro111c obstructive pul111onary disease) and in patients under 18 years of age 

Please see complete Important Safety lnform;;it ion ;;ind lndic;;;ition Qfl p<igc 18. 

TYVAsoz r , . ;I >.~r·1 -..,r' YIJ('?f~~ 1}/1NHAlAT/Olt . ~ 
ll,' C:~./1 {...-.. ...'! .• / f ,"~,1 SO{UTJO!I / 'i.al 
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Taf ~ to lfl« tfovtor totf ~ 
about altfi~ T~va-w 

To learn more about Tyvaso, 
visit tyvaso.com or call 1-877-UNITHER (i-877-864-8437). 

,?=t,. United T>'V<JSO is a regi; tered tr;ideniark of United Therapeutics Corporatio~. 
~~Therapeutics <:_. ZOi4 United Ther apeutics Corporation. Ail rights reserved. USftYV!APR14/268 Primed in USA. 
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PATIENT PACKAGE INSERT 

Tyvaso (Ti-vaso) 

(treprostinil) 

Inhalation Solution 

Read this Patient Package I nsert before you start taking Tyvaso and each time you get a refill. 
There may be new information. This leaflet does not take the place of ta lking with your 
healthcare provider about your medical condition or your treatment. 

What is Tyvaso? 

1 

Tyvaso is a prescription medicine used in adults to treat pulmonary arterial hypertension (PAH), 
which is high blood pressure in the arteries of your lungs. Tyvaso can improve the ability to do 
exercise in people who also take bosentan (an endothelin receptor antagonist (ERA)) or 
sildenafil (a phosphodiesterase-5 (PDE-5) inhibitor). Your ability to do exercise decreases 4 
hours after taking Tyvaso. 

It is not known if Tyvaso is safe or effective in people under 18 years of age. 

What should I tell my healthcare provider before taking Tyvaso? 

Before taking Tyvaso, tell your healthcare provider about all of your medical conditions, 
including if you: 

• have lung disease, such as asthma or chronic obstructive pulmonary disease (COPD) 
• have a lung infection 
• have liver problems or kidney problems 
• have low blood pressure 
• are pregnant or plan to become pregnant. It is not known if Tyvaso will harm your 

unborn baby. Women who can become pregnant should use effective birth control while 
taking Tyvaso. 

• are breast-feeding or plan to breast-feed. It is not known if Tyvaso passes into your 
breast milk. Talk to your healthcare provider about the best way to feed your baby while 
taking Tyvaso. 

Tell your healthcare provider about all the medicines you take, including prescription 
and non-prescription medicines, vitamins, and herbal supplements. Tyvaso and other medicines 
may affect each other. 

Especially tell your healthcare provider if you take any of these medicines: 
• medicines that decrease blood clotting 
• water pills (diuretics) 
• medicines used to treat high blood pressure or heart disease 
• gemfibrozil (Lapid) (for high cholesterol) 
• rifampin (Rirnactane, Rifadin, Rifamate, Rifater) (for infection) 

Know the medicines you take. Keep a list of them and show it to your healthcare provider and 
specialty pharmacist when you get a new medicine. 
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2 

How should I take Tyvaso? 
• Take Tyvaso each day exactly as your healthcare provider tells you. 
• See the detailed Tyvaso Inhalation System Instructions for Use. 
• Tyvaso is breathed in ( inhaled) t hrough your mouth into your lungs. Tyvaso should only 

be used with the Tyvaso Inhalation System. 
• Tyvaso is taken in 4 treatment sessions each day during waking hours. The sessions 

should be at about 4 hours apart. 
• At the beginning of each day, it will take about 5 minutes to prepare the Tyvaso 

Inhalation System. Each treatment session will take 2 to 3 minutes. 
• Take your first Tyvaso treatment session in the morning and take your last treatment 

session before bedtime. 
• Your healthcare provider may change your dose if needed. 
• I f you miss a dose of Tyvaso take it as soon as you remember. 
• Do not let Tyvaso solution get into your eyes or onto your skin. If it does, rinse your skin 

or eyes r ight away with water. 
• Using the Treatment Tracker, record the number of breaths you inhale during each 

treatment session ( 4 times a day). You should bring your Treatment Tracker to your 
medical appointments, as your doctor may want to review it with you. 

What are the possible side effects of Tyvaso? 

Tyvaso can cause serious side effects, including: 
• Tyvaso may increase the risk of bleeding in people who take blood thinners 

(anticoagulants). 
• If you have low blood pressure, Tyvaso may lower your blood pressure further. 

Ask your healthcare provider if you are not sure if this applies to you. 
The most common side effects of Tyvaso include: 

• coughing 
• headache 
• nausea 
• reddening of your face and neck (flushing) 
• throat ~ rritation and pain 
• fainting or loss of consciousness 

Tell your healt hcare provider if you have any side effect that bothers you or that does not go 
away. These are not all the possible side effects of Tyvaso. For more informat ion, ask your 
healthcare provider or specialty pharmacist. 

Call your healthcare provider for medical advice about side effects. You may report side effects 
to FDA at 1-800-FDA-1088. 
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How should I store Tyvaso? 
• Store Tyvaso ampules in the unopened foil pack between 59°F to 86°F (15°C to 30°C) 

until ready to use. 
• When the foil pouch is opened, Tyvaso ampules should be used within 7 days. 
• Tyvaso is sensitive to light. The unopened Tyvaso ampules should be stored in the foil 

pouch. 

3 

• After a Tyvaso ampule is opened and put into t he medicine cup in the Tyvaso Inhalation 
System, Tyvaso can be kept in the medicine cup for no more than 1 day (24 hours). 

• Tyvaso that is left in the medicine cup at the end of the day must be thrown away. 
• The Tyvaso Inhalation System can be stored in t he carrying case when not in use 

(Example: between treatment sessions or overnight). If storing between treatment 
sessions, ensure that the plugs are firmly in place in the dome assembly to prevent 
spillage of Tyvaso. See the Instructions for Use for additional information regarding 
storage of your Tyvaso Inhalation System. 

Keep Tyvaso and all medicines out of the reach of children. 

General information about the safe and effective use ofTyvaso. 

Medicines are sometimes prescribed for conditions that are not mentioned in a patient 
information leaflet. Do not use Tyvaso for a condition tor which it was not prescribed. Do not 
give Tyvaso to other people, even if they have the same symptoms you have. It may harm 
them. 

This patient information leaflet summarizes the most important information about Tyvaso. You 
can ask your healthcare provider or specialty pharmacist for information about Tyvaso that is 
written for health professionals . 

For more information, go to www.tyvaso.com or ca/11-877-UNITHER (1-877-864-8437). 

What are the ingredients in Tyvaso? 
Active ingredient: treprostinil 
Inactive ingredients: sodium chloride, sodium citrate, sodium hydroxide, hydrochloric acid, and 
water for injection. 

Tyvaso is a registered trademark of United Therapeutics Corporation. 

Literature issued May 2013. 

United Therapeutics Corp. 
Research Triangle Park, NC 27709 USA 

Copyright© 2013, United Therapeutics Corp. All rights reserved. 
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Binding and activity of the prostacyclin receptor (IP) agonists, treprostinil 
and iloprost, at human prostanoid receptors: Treprost inil is a potent 
DP1 and EP2 agonist 

Brendan J. Whittle ... Adam M. Silverstein °, David M. Mottola b. Lucie H. Clapp c.• 
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Keywords: 
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R.idiolig.ind binding 
Cyclic AMP 
Calrf11m influx 
Pi-ostanoid receprol"S 

The prosracyclin analogues. iloprost .rnd lreprostinil are extensively used in tre.Jting pulmonary 
hypertension. Their binding profile and corresponding biochemical cellular responses on human prostanoid 
receptors expressed in cell lines, have now been compared. lloprost had high binding affinity for EP1 and IP 
receptors (K; I.I and 3.9 nM. respectively). low affinity for FP. EP1 or EP4 receptors. and very low affinity for 
EP2• DP1 orTPreccptors. By contrast. trcprosrinil had high affinityforrhc DP1• EP2 and IP receptors (K; 4.4. 3.6 
and 32 nM. respcccivcly). low affinity for EP1 and EP, receptors and even lower affinity for EP,. FP and TP 
receptors. In functional assays. iloprnst had similar high Jctivity in elevating cyclic AMP levels in cells 
expressing the human IP receptor and stimulacingcalcium inllux in cells ex pressing EP1 receptors (EC50 0.37 
• nd 0.3 nM. respectively) with the rank order of activity on the other receptors comparable to the binding 
assays. As with binding studies. treprostinil elevated cyclic AMP with a similar high potency in cells 
expressing DP1.1Pand EP2 receptors (EC50 0.6. 1.9 and 6.2 nM. respectively). but had low activity at the other 
rece ptors. Acrivarion of IP, DP1 and EPi receptors, as with rreprosrinil. can all result in vasodilatarion of 
human pulmonary arteries. However. activation of EP1 receptors can provoke vasoconsrricrion . . rnd hence 
may offset the IP-receptor m~diated vasodilarur effects of iloprost. Treprostinil may therefore differ from 
iloprost in irs overall beneficial pulmonary vasorelaxant profile and other pharmacological actions. 
especially in diseases where the IP receptor is down-regulated. 

1. Int roduction 

The endogenous prostanoid. prostacyclin. is of substantial 
therapeutic t>enefit in the treatment of the highly debilitating 
disease. pulmonary hypertension ( 1- 4J. Prostacyclin itselfis however 
chemically unstable at physiological temperatures and pH. and 
rapid ly decomposes to a r elatively inactive breakdown product as 
reviewed by Whittle and colleagues I 5.6!. Therefore, the early clinical 
use of prostacyclin. as the chemically synthesised material epopros­
tenol, necessitated the use of a high pH fonnulation and ice packs for 
its prolonged intravenous use. The development of chemically stable 
prosracyclin analogues such as iloprost. trcprostinil and beraprost 
obviated the requirement for such a formul<1tio n (61. These agents 
have been used clinical ly for different indications. including 
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pulmon.Jry hype1tension. peripheral vascular disease J S well as 
Raynaud's phenomenon and digital ulcers associated with scleroder­
ma 17- 131. In particular. iloprost and creprostinil are currently used 
extensively in Europe and the US for the treatment of pulmon.Jry 
,Jrterial hypertension ( 14- 181. 

As with most other mediators. prostaglandins such as prostaq1-
clin e licit t heir molecular. pharmacological and biochemical effects 
through binding and activation of specific receptor sites ( 19 J. It was 
initia lly established by pharmacological techniques that there was a 
range of specific receptors for the naturally occurring prostanoids 
(see [201) and t hese receptors have been subsequently cloned and 
expressed [ 19.2 i I. The original classification of the different 
prostanoid receptors (20.22.23( has remained essentially intact 
since the early proposals (241. Thus. the receptors are identified as 
the IP. EP1• EP2• EP3• EP4• DP(now DP1• see below). FP and TPreceptor 
123-251. The IP. EP2. EP.and DP, receptors are classically known to 
be G,-coupled receptors linked to cyclic AMP ( cAMP) generation, 
while EP1• FP and TP receptors couple to calcium mobilisation 
j)athways through G,1• G1 and as yet unidentified G proteins ( l 9.25 (. 
There are several splice variants of EP3 which can couple negatively 
o r positively to G; or G,, respectively ( 19J. 
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The natural ligand for the IP receptor is prostacyrlin (PG12 ) , wit h 
p ro st agland in E2 ( PGE2 ) for the Er recepcors, PGF, ., for the FP 
receptors and thromboxane A2 for t he TP receptor 1241. A recent 
pharm acological 'tudy IMS 'uggested evide nce for a sec0t1d IP 
receptor on human aiiway ep ithelia l cells tha t mediates the 
inhibition of cyt okinc release [ 261. This is not thought to be a s plice 
var iant altl10ugh its occurrence e lsewhere hJis not been described. 
The original classification ohhe DP receptor w ith prosraglandin 0 2 

(PGD2 ) as t he natural ligand has now been designated as DP, 1241. 
This t.·1kes inlu ,1cruu11t the mure recenlly identified DP2 receptor ur 
CRTh2 receptor. that w hile recog nising PGD2, is more closely 
associa ted wit h chemo-attractant molecules a nd has no significant 
homology with the o ther p rostanoid receptors [24J. 

Despite their extensive clinical use over the pasr decade, there is 
relatively little direct comparative pharmacology of iloprost and 
11eprustin il in experiment al systems J nd m odels. It is generally 
assumed that both are potentagonisrs at the prostacydin IP receptor 
and char such agonist activity predominantly underlies t heir 
respl'crive responses, including their potent vasodilator e ffects in 
t he pulmonaiy vasculature. at least under physiological cor1dit ions 
127- 29!. Indeed, based on this premise. novel <lgent s that are high ly 
seleccivt: agunis ts at the II' receptor such as the non-prostanoid 
moiety, selexipag. a re being developed for clin icdl u tilities induding 
pu.lmonaiy hypertension [30,31 J. However, t he situa tion is more 
complex. since the prostacyclins appear t o have functionally 
rp[pv.1n r pffecrs .1r other prost.1noicl receptors as reviewed hy Clapp 
and Patel 1321. 

Although the receptor binding pro file of i loprost. including its 
high affi nity for the IP as well as t he EP1, and EP3 receptor. has been 
reported for both murine and human pro,tano id receprnrs [2 1,331. 
t here has been no reported com p<1rable evaluatiori of treprosrinil. 
Because of the multiple pathophysiological processes involved in 
pulmonaiy hypertension, there is a need to understand more about 
the respective pharmacology of these two extensively used 
pros tacyclins. Thus, the current study investigates the binding 
pmlile oftreprost inil on human prostanuid rel·eptors. individu.illy 
expressed in separate cell lines, and has d irect ly compared t his 
profile to t hat of iloprost in the same studies. In addition, the 
cellular responses of either an elevation of intracellular cyclic AMP 
or calcium levels as arpropriate . as a mnseq uPncc of activation of 
the individual human proscanoid receptors by either iloprost or 
treprost in il. have also been evaluated. 

2. Methods and materials 

2. 1. In vitro rodio-/igond binding assays 

Evaluat ion of the affinities of treprostin il and iloprost for each 
prostanoid rect:ptor was determined in radioligand binding assays 
usi ng standard techniques. Cell lines, conditions 3nd mate rials 
used a re documented in Table I and broadly follow p rotocols 

fable I 

previously described 121.34.351. Briefly. cells from each cell line 
stab ly expressing the recombinanc human prostanoid receptor 
were s pun down at 4 ·c and the cell pellet suspended in a 50 mM 
Tris/H.CI (pH 7.4) buffer cont a ining 5 mM EDTA. 20 mm N.iCI. 5 m M 
KCI, 5 mM MgCl2, 1.5 mM CaCl2, 10 µg/m l tiypsi n inhibitor. I µg/ 
ml lcupcptin and 75 µg/ ml phcnylmcchylsulphonyl fluoride. 

Cell lysis was perfonned by u llr<1 s onicatio n (3 min at 4 ' C) 
using a Vi b ro cell 72405. followed by centrifu gat ion (Beckman 
Avantj J301) of the result ing homogenate at 4 ·c (50,000 x g for 
15 m in ). The membrane pelle t wJs resuspended in fresh Tris buffer 
containing l 0% glycerol and stored as aliquots at - 70 "C u nt il used 
in the binding studies. Proteins levels w ere determined using the 
Bradford method and t he optimised qua ntity of protein used in the 
binding s tudies was 16 µ.g for t he TP receptor. 20 µ.g for the EP2• 

EP3, EP 4 and FP receptors. 40 µg for the IP receptor and 60 µg per 
sample for the EP, and DP1 receptors. Incubations were carried out 
using nanomolar concentrations of the apprupriate l3HI raclioli­
gand (T .lble I) in the absence or presence of various concentratio ns 
o f the prostacyclin analogue (final solvent concentration was kept 
consrant ). Toral binding was determined in rhe presence of vehicle. 
Non-specific binding was determ ined in the presence o f 650-
5000-fold excess of the corresponding 11011-l.lbelled ligand. 
following a 60- 120 min incub,1tion of ligands at room tempera­
t u re (Table I ), samples were filtered rapidly under vacuum 
through glass fibre fi lte rs. dried, and t heri counted for radioactivity 
in a scint illation counter. 

The specific ligand binding was calculated as the difference 
between tota l binding measured in the presence of rad ioligand 
alone and nonspecific bind ing determined in t he presence of an 
Pxcess of unlahe lled liga nd, as performed in the l<1boratnry at Ce rep 
(Le bois l'Eveque, France). Specific binding for ligands reached 
equilibrium after 30-40 min of incubation at room temperature. 
was s t able for greater than 2 hand was determined to be saturable. 
Results a re expressed as a percent of the control specific binding 
obtained. 

Competition curves for <!.1d1 cl.1ta-set were generated hy non­
linear regression ana lysis of the data (Prism 4.03; GraphPad, San 
Diego. USA) using a four paramete r logistic ( Hill) equation: 

( I ) 

where Y • specific hinding, D • minimum s perific hinding, 
A a maximum specific b inding, IC50 = t he concentration that 
inhibits half of the control specific binding and nH a Hill factor. 
The inhibition constanrs (K;) were calculated using the Cheng 
Prusoff equat ion: 

ICso 
K; = I -+ tl / Ko) (2) 

Experimental conditions for prostilnoid receptor radioligand binding assays. h • human; 1<11 • dissodalio n consranc: RT • room temperature: HEK·293 • human embryonic 
!(idncy 293 cells: CHO • 01inese hamsrer ovary: 132 INl • human gli,1! brain asirocyroma. 

Prost.a.no1d fecepror Expression system/ac:cession 110. 

IP (h) HEF<-293/NM_000960 

EP1 (h) HEl<-293/NM_000955 
EP2 ( h) HEl<-293/NM_0009SG 
EP, ( h) HEl<-293/NM_ 198714 
U'4 (h) CHO/NM_000958 

0 1'1 (h ) 1"!21Nl/NM_01l1)9.5"J.1 

FP (h) HEl<-293/Nllli_000959 

TP (hl (TXA,) ~IEl<-293/Ul 1271 

l.igand Concentration (nM ) Kd(nM) Nonspecific (µ,M) Incubation time @RT (mm) 

1 'HI iloprost 10 lloprost ( I 0 ) 60 

['Ht PGE, 1.5 1.5 PGE1 ( 10) 120 
11111 PGE, 3.0 J.O PGE,( 10) 120 
l' Hl PGE, 0.5 0.8 PCE, (1) 120 
IJHl rr.f., 0.5 0.J l'GE2 (10) 120 

l'HJ PCO, 1.5 1.2 HW24SC (1) 60 

l'HJ PGF,0 3.8 Cloprostenol ( 10) GO 

l'HI SQ 29548 U44069 (10) 60 
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when~ L "' concentration of radioligand in the assay, and K0 .. affi­
nity of the radioligand fo r the receptor. Scatc hard analysis was 
used to r.lctcrrnine Ko from a plot of specific binr.l ing/ frce 
r;:id io ligand concenrration versus specific binding giving a slope 
equiv,1 lent to - IJK0 and are given in Table I (see Figure SI of 
Supplcmemary Information for exa mples of Scatchard plots). 

2.2. Receptor acrivarion as:says 

2.2.1. Cyclic AMP assay 
HEK 293 (expressing EP2, EP4) CHO (EP3, IP) or 132 1Nl (DP1 ) 

tells wen> lifted w ith a non-enzymat ic cell strippe r and re­
suspended in assay buffer at the desired cell density for each ccll-
1 ine. Cyclic AM P was assayed in suspension of cells using a CisBio 
HTRF cAMPHiRange Kit (Cisbio US. Bedford. MA. USA) accord ing to 
the manufacrurer's prorocol. Cells were incubated with the 
pros,tacyclin analogues for 20 min at 37 "C. The reaction was 
tem1inated by sequentially adding 02-labelled cyclic AMP and 
rryptate-labelled anti-cyclic AMP antibody contained in lysis 
buffer. The plate was incubated at room temperature for 60 min 
before reading of fluorescent emissions at 620 nm and 668 nm 
with excitation at 314 nm were made ori a m icroplare reade r 
(Molecular Devices, Sunnyvale. CA. USA). These experiments were 
performed iri the laboratory at Multispan ~ Hayward. CA. USA). Data 
we re converted frum a ryclic AMP standard cu1ve and expressed as 
cyclic AMP ( nM). 

l .22. Calcium mobilizcrtio11 
HEK293 cells exprt's~ing FP. TP or EP1 receptors w erP seeded iri 

384-well plates at appropriate dens ities and cultured overnight . 
Tl1e calcium flux assay was conducted according to the manu· 
facturer's protocol using the FLIPR Calcium 4 Assay Kit (R8142; 
Molecular Devices). Loading buffer. containing the calcium­
sensitive dye. was added to the cells and incubated for 60 m in 
Jl 3 7 ·'C. The pldte w .1s then transferred to a FlexStarion" 3 
benchtop multi- mode m icroplate reader (Molecular Devices), 
where compounds were automatically injected into each well. 
Intracellular calcium. monitored as changes in fluorescent. was 
recorded for 90 s with d single compound application occurring 
after 19 s. These experiments were performed in the laboratory ,1t 
Multispan (Hayward. CA. USA). Assay results (5-10 determinations 
per ;:rnalogue concentration) were plotted as relative fluorescence 
units (RFU ). 

2.3. Materials 

Trcprostinil was provided in powder form by United Therapeu­
tics Corporation (Research Triangle Park. NC. USA). lloprost (50:50 
R/S isomer). RW245C, prostagl.mdin E2 ( PGE2 ) dnd PGD2 were 
purchased from Cayman Chemical Company (A:nn Arbor. MI. USA). 
C!oprostenol. U-44069 and buffer reagents and materials were 
purchased frnm Sigma- Aldrich (Lyon. France). Treprostinil was 
dissolved in DMSO at a stock concentration of 1 o mM and iloprost 
was dissolved in methylacetate at a concentration 13.9 mM. For 
concentration- response experiments, the highest agonist concen­
tration used was 10 µ.M with serial I: JO dilutions. 

In binding assays. stable cells expressing respective human 
prostanoid receptors we1·e used by Cerep (Table 1 ). The radi­
oligands used in these stunies (Table I ) were obtained from Perkin 
Elmer NEN (Courtaboeuf. Cedex 191945. France). or for iloprosr. 
Crum bo\Jio ( fleuru~. Bt:lgium). Lil~ewise for functional assays 
cond ucted in the laboratories of Multispan, st.1ble cell lines 
expressing human receptors were: EP1 (GenBank accession 
number NM_UOU955.2; Cat# Ct20la) in HEK293T. EP2 (GenBank 
Accession Number NiliL000956.3: Cat# Cl 202) in HEK293T, EP3 

(GenBank Accession Number NM_000957; Cat# C1203-la). in 

CHO-Kl. EP4 (CenBank Accession Number NM 000958: Cat# 
C1204) in HEK293T. Fl' (CenBanlc Accession Number NM_000959: 
C.mf C1205) in HE1<293T, IP (GcnBank Accession Number 
NM_000960 : Cat# Cl206-I ) in CHO-Kl . DP, (GenBank Accession 
Number NM 000953: Cat# Cl200) in HEK293T .ind TP (TXA2 R; 
CcnBank Accession Number NM_00t060.4: Cat# C1365) in 
HEK293T w ere from MultiSp.ln. 

2.4. naw mwlysis 

In binding studies. IC50 vJlues were obtained from each 
individual concentr.it ion- response curve for sprcific hinding 
( n • 6) a nd used to determine the affinity constant, K;. 

Concentration-dependent relationships for each prostacyclin 
analogue stimulating e levations in either intracellular cyclic AMP 
or calcium (mean ± S.E.M. of 11 determinants per concentration as 
indicated ) as appropriate. were constructed using a variable slope 
sigmoida l fitting routine in GraphPad Prism 4.03 (San Diego. CA USA~ 
·me EC5-0 v.1Jue, the concentration of agonise causing 50% of the 
maximal response (£01,x). was determined from individual fits to each 
data-set and expressed as mean ± S.E.M. Statbtic.al analysis w as 
performed using GraphPad with significance assessed using a 
Srudent's t-rest or ANOVA with correcrion for multiple comparisons. 
A P value <0.05 was considered significant 

3. Results 

3.1. Radioligand binding data 

The data obtained from the com pet ition binding assays with the 
t ritiated ligands in the presence of either 1loprost ( 1 o- '' to 1 u-0 M) 
or t reprostinil (10- 11 to10- 5 M) for the eight recombinant human 
prostanoid receptors studied, the IP. EP,. EP2• EP3, EP4• DP,. FP and 
TP receptor. are shown in Fig. 1. Both iloprost and treprostinil 
yielded concentration-dependent reductions in specific binding for 
each of the receptor types over the range of conccnrrations 
evaluated. However, neither prostacyclin analogue yielded a full 
specific binding cu1v e tor th e 11' receptor because of the high 
concentrations l> 10 µM) that would have been required co reach 
full displacement of radioligand (fig. I ). The derived affinity 
constant. the Kr value. for either iloprost or treprnstinil at each 
prostanoid receptor. is given in T,1hle 2. To aid comparison of this 
data to that obtained from earlier human prostanoid receptor 
assays, the K; values reported for iloprost from the work of 
Abramovitz and colleagues [2 1 ]. are also presented in Table 2. 

The d ata from rhe current study shown in Table 2 indicate that 
iloprost has high binding affinities for the IP and EP 1 receptors. 
though this was significantly (P s 0.002) greater for the El'1 
receptor. as indicated by the lower K; value. Its affi.nity for the FP. 
EP, and Er 4 receptors was some two log orders lower and was even 
lower for the DP1• EP2 and TP receptors (Table 2). 

In ge111eral. the ove rall binding profile to the prostanoid rereptors 
obtained in the current work with iloprost was similar to that 
previously reported for ilopros t against human prostanoid receptors 
(see Table 2; data from Ref.12 11). Comparison of the K, values in 
Table 2 indicates that the order of affinity for iloprost in the current 
work was EP1 > IP > > FP > EP3 = EP4 > DP1 > EP2 > TP. while that 
reported previously by Abramovitz .rnd colleagues (211 was 
EP1 • IP > EP3 > EP4 > FP > DP1 > EP2 > TP. Thus. the main differ­
ence found between the two studies utilising iloprost was the 
ranking of the K; for the FP receptor. 

The prostanoid recepror binding profile for treprostinil differed 
from that observed with iloprost (Table 2). Treprosrinil had a high 
and similar affinity for the DP 1 and EP2 receptor. which was some 
IO-fold ( P < o.oi. one way ANOVA) greater than ·that for the IP 
receptor. It had a much lower affinity for the EP1 receptor. weaker 
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Fig. t . Competition binding assays for different recombinJnt human prostJuoid receptors. RE>c1;.·p1:ors were stJbly expl'cssecJ in HEK-293(1P. EP1. EP,, EP'". TP, FP). CHO (EP,.}or 
1321N 1 (DP1} cell Imes. The tor JI spt•rific and n()1)-~pccifir bin<ling waoe; d<"tl'rminr<l for C'ach {1H I ligand as per mer hods and equilihrium comperirion binding ass.tyS 
pcLrformed in the presence of 0.01- 10.000 llM ot C"1thcr iloprost or rreprosriml. O.ita .ire shown. .JS mea.n ± S.E.M. of b mdtvtdual cleterminanons performed on two separate 
occJsion~. Staristical analysis using 2-way ANOVA indic.:u ed rhar differroces in binding .dfinity cu.1ves existed between treprustinil .ind iloprost for lhe IP, EP1, EP1. EP"l OP1. FP 
(I' < U.UUI ) but nortl'• (I' • 0.08) receptor. 

affinity for thC' EP4 rcceprnr. ;ind very weJk J.ffinity fnr EP3• FP and 
TP receptors (Table 2). Thus. the rank order of affinity of 
t reprosti nil for the human prostanoid receptors based on the 
dt"rivecl K1 values WdS DP, s EP2 > IP > El'1 > EP4 > EP3 > FP > TP. 

In the current work, trhe K; values arthe IP receptor showed a 10-
fold difference (l' < 0.001 , unpaired r-rest) in affiniry between 
iloprost ~nd treprostinil. The major difference between the overall 
binding profile ofiloprosr and trcprostinil for G,-coupled receptors 
was the high affinity of rreprostinil for the DP1 and EPi recepror. 
This was reflected by the 230-fold and 325-fold lower K; value 
obtained in the current study for the OJI>, and EP2 receptor 
respectively with trep rostinil compared with iloprost. Trcprostinil 
had a higher K; than iloprosr at the EP 4 receptor. though overall the 

Table 2 
11ros1annirl n•ceptor binding prnfllrs for tf<'prosrinil .and iloprost. Specific binding 
wa.s determined using displ.-.cetncnr rad1ohgand binding in cell membranes over 
expressing recombinant human prosr.anoid receptors. Values of the inhlbitlon 
constant. K1 .trl' shown a5 l h~ 1nr::t1l J. S.E.M. of 6 individu.i:I dctf'rminarions obt.1ined 
on two s~pirdlC' occasions. The K1 for iloprost .u the El'1 receptor was stgmficdntly 
(/'< 0.002) grr:ater chan thJt ror the IP receptor. and its Ki fur IP receptor Wd.S 
s1grruficanrly (I'< 0.001) greaircr rhan the K1 nf rrf'prostinil at this receprnr. for 
rnmpJiisun, the t.lble .ilso L011t.iins .'<1 v.ilues for 1loprost obtained from h1sroncal 
binding d.at.a published by Abrarnovit2 et JI. rorhum.ln prost~inoid receplOrsexpressed 
io HEK 2~3 (EBNI\) cells 121 f. NC• Ml <>lr11lahtr. 

RNeptor RJdiolig.and binding assay Abrotmovirz et al. 121 J 

Treprosr1m l Ki (nM) llOproSI g, (nMJ lloprost K, (nM) 

II' 32.1 ± 0.2 3.9"' 0.6 11 : 1 

EPr 212 .!. 56 1.1.< 0.l 11 ± I 
EP1 J.6 ± 0.3 1172 :: 159 1870± 176 
F.P1 2j05± 263 208 = 25 5o±b 
EP_. 826 ± 116 212 : 27 284.!. 9 

DP, 4.4.o0.4 1016: 63 1035 t 171 

fp 4680 ± 927 131': 17 619 ± 159 

TP NC 3778"' 375 6487 ± 29 

.~pecific hinding curves were not significantly d ifferent (I'~ 0.08. 2-
way ANOVA). These binding studies also indicted that tr cprostinil 
had a 200-fold lower affinity for the EP1 receptor· than did iloprost, 
as well as a much lower affinity for the FP and TP receptor (Table 2). 

3.2. l'rostanoid receptor activation snidies 

Studies on the effect of iloprost or treproscinil over a wide 
concentration range ( 10 12 to IO 5 M ) on functional responses in 
cells expressing each prostanoid receptor were conducted. The 
concentration- response curve for each prost.acyclin analogue 
against each prostanoid receptor is shown in Fig. 2. the responses 
being determined. depending on the receptor under investigation. 
as an elevation of intracellular cyclic AMP or calcium influx (Fig. 2). 
Typical sigmoid curves were obtained for all but one of the 
prostanoid receptors w ith either analogue (Fig. 2). The exception 
was iloprost at the DP1 receµtor. w hich un like in the binding study, 
showed an atypical sigmoidal relationship with a shallow slope, 
the response at I 0 µM being comparable to the maximal response 
to t reprostinil. achieved at IO nM (fig. 2 ). from the concentration­
response data obtained for each prostanoid receptor, rhe EC50 was 
calcul.ared and shown in Table 3. 

The rank order of iloprost potency for evoking a response in 
cells expressing each 11artic ular prostanoid human receptor was 
EP1 - IP > EP1 > FP > EP4 > TP > DP1 - EP2, which is broadly simi­
lar to the ranking observed in the binding studies. Thus, iloprost 
had high activity at both the IP and the EP1 receptor in the 
expression system used and indeed had a similar EC50 value for 
activity (sub nanomolar) at either receptor. Furth ermore, iloprost 
was 75-fold less active at tl1e EP3 receptor than at the IP receptor. 
500- 1 OOO·fold less active at the FP and EP4 receptor and had ECso 
values in the micromolar range for activity at the EP2 , OP1, and TP 
receptors (Table 3). 

As with the radioligand binding studies. iloprost had higher 
act ivity in evoking a functional response in cells expressing the IP 
receptor than did treprostinil. having a 5-fold (f' < 0.01. unpaired 

UNITED THERAPEUTICS, EX. 2005 
WATSON LABORATORIES V UNITED THERAPEUTICS, IPR2017-01622 

Page 88 of 92 



72 H.J- Wlutf'le tr· ol. / HiocJiernical P/ranm1cofogy Stl (2012) G8-75 

E P, receptor , . ., 

~-~ 

/ 
[ 120 

.. 
30 

I 

)! .. 

-12 -H -to -9 ..e .1 --0o -5 ...t. 

EP, re.-.oplor [.)f' , receptor 

400 

100 

-12 -11 -10 -9 -8 .'/ -& -S -4 -U -U -10 .S -8 -7 ~ --S ....s 

LQg (PGt2 :m;)loguel M log {PGl.1 -11na.logue) M 

180 
FP receptor 

~ 
150 

~ 120 

~.. fl __ ; 
" I . 

~ '" j I 

I)'.., .. 1 • . / ,i 
-ti: -11 -10 .9 -8 -1 ~ -S -4 

Log (PGI;: tln.Jlogue) M 

... 
150 

5' 
~ no 
~ 

~ 90 

:; 
] 60 
,:; 

TP receptor 

I 

f 
-t2 -1t -10 .g .,ft, . j "6 ..s -4 

Loy fPGl;i 3mslo9ueJ M 

Fig. 2. Receptor acrivatiun dSS.;tys i11 cells stably expressing hum.ln prost.J.noid receptors. Concen1ranon-depe1,dcnr increa~es i 1l intr.icellular cyclic AMP (llP. EP-:!. EP 1o EP4. OP1 

recr.p~ors} or calcium (EP1• FP. TP) were measured upon rre.umenr wilh either treprosriml or iloprost (0.001- 10.000 nM} for I h. Data arc shown as mcdn ± S.E.M. of 5- 10 
determm.uions perronnecl on 2-l separate nccasions. Curves hdvc been generarrd from fining d .. ~l.l ro a variable slope sigmoid al function. Starlsrical analysis using 2·\V.lY ANOVA 
1mJifJletl that cliff~1 e11ct"S inco11cen1ration rcsj.XJnse curves exisccd bcrwt:"en trcp1osrinil and iloprosr for· the IP, EP1. EP1 DP1, FP. TP (P <. 0.001) bul nut EP1 .rnd EP"(P > 0.9) 1cu:ptur, 

t-rest) lower EC50 value (Table 3) and a conccntracion- rcsponsc 
curve significantly shifted (P < 0.00 l, 2-wa.y AN OVA) to the left 
(Fig. 2). 

By ronrrast to the profi le nfiloprost. rhe rank order for evoking a 
response with t reprost inil in cells expressing each separate 
c·eceptor was DP, ;:: IP > EP2 > F.P3 > EP4 > EP 1 > Tl' > FP. ~g~i n 
in general agreement with the rank order for the radioligand 
binding srudies. Thus, treprostinil had high potency in activating 
01'1 and EP2 receptors as well as the IP receptor. From comparison 
or the EC50 values. ic was some 36-fold less active .it the EP3 

receptor. 95-fold less act ive ac the EP4 and ISO-fold less active at 
the EP, sire than at the IP receptor. As can be seen from T.1ble 3, 
treprostinil had little activity at the f l' or TP receptor sites. 

Tdble 3 
Receptor activaliOn as:says in cells stdbly expressing hulfldn prostJlloid recepturs. 
l~r II". EP2. EP1. El\, .:llld Dl'1 rcc,cprnr acrivation assays. conccntrat1on-dcpr.ndenr 
inrraccllul.u cyclic AMP .accumul.Hion was measured upon tre.atment with either 
rreprostioil or iloprost. For FP. TP and EP1 rt!Ceptor dCliv.ttion .t!>SJys. roncentration· 
dependent increases in intracellular calcium were measured Upon prosr.acyclin 
an.illogue treatment. The concemr.ation of agoni.st causing 50% of the m.i.ximal 
response. the EC50 v.ilue. wtre deurmined from rhe roncentrJl-ion-response curves 
(5-10 dctcrminacions per drug conc<-nrration performed on to 2-3 scparace 
occdsions) and shown •s the rncdn ± S.E.M. The ECoo values for iloprcst al the IP and 
£P1 receptor were nor significamly different (P"" 0.6. unpaire<l 1~et~st): rhe E~o values at 
the OP1 recrptor for iloprosr and treprosrinil were .significantly different W< 0.02. 
unpaire<l 1-test). 

RCCt"'pCor Trrpros>inil ECso (nM) lloprost EC;o (nMJ 

IP 1.9 10.4 0.37,, 0.IO 

EP, 285 : 143 0.3 : 0. 1 
t;:P:i: 6.1 ± 1.2 2094 _,_ 560 
EP, 68.9 ± 7 27.5 1: 0.S 
EP.i 181 = 37 389: 85 

nr , 0.6 t 0. I 2059 ± 755 

FT' .-3500 19 1 !. 44 

TI' 919 : 1 10 141 7 : 141 

4. Discussion 

The current study has compared the activity of two clinically 
11s•:d prnstacyclin analogues, i!oprost and treprosti.nil, in receptor 
binding assays and in biochemical functional responses using cells 
'tahly expre"ing individual hum~n prostanoid receptors. The 
prost.inoid receptors investigated were those classified as IP, EP 1, 

EP2, EP1• EP.., DP1, FP and TP [23.24[. Substantial differences in the 
profile of activity between these prostacylins have now been 
identified. the key findings being that unlike ilopros l. t reprost inil is 
a potent agonisr at both the DP1 a nd EP2 receptmr. while having 
little activity at the EP, receptor. 

Previous work has reported on the binding of iloprost to these 
human prosranoid receptors [ 2 1 [. and it was reassuring that the K; 
values and rank order of affinity derived from che current work is 
compara ble. A K; value of 11 nM for iloprost at the human IP 
rrcepror in 1t 1at previous work, and 4 nM in the current sC11dy, are 
also similar to the K; of 4 nM for iloprost at this receptor in another 
report [36]. Moreover. studies on the binding of iloprost to murine 
IP receptors gave a K; value of 11 nM [33 J. As described previously 
for both murine and human prostanoid receptors (2 l ,33J, iloprost 
also had high affinity for the human EP, receptor. Indeed. in the 
current work. the Ki value for the EP1 receptor was even lower 
( 1 nM) than for the IP receptor. Likewise. other radioligand binding 
studies have reported high affinity binding with iloprost for the 
human EP1 receptor. with a Kj not significantly different from the 
natural ligand, PGE, 1371. 

lloprosr had a relatively low affinity for the human FP or EP 4 

receptor. and even lower affin ity for the Ef'2 • DP1 or TP receptor in 
the current study. comparable to that found previously in 
radioligaind binding studies on both murine and human prosranoid 
receptors [21.331. In the former two studies however. iloprost did 
have significant affinity for the murine or human prostanoid EP3 

binding site, but this was less pronounced in the current work 
using the human EP3 receptor. As the EP3 receptor is known to 
exhibit a range of splice variants for both murine and human 
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receptors f 19). this ""'Y !ldve some be<iring 011 differe11ces in the Ki 
values obtained in these assays. 

Findings on the relative affinities for the different prostanoid 
receptors in the binding .1ss•y were generally translated to .1rtivity 
in the biochemical functional assays utilised in the present work. 
Thus. iloprnst had high activity in stimulating cyclic AMP levels in 
the <:dis cxprcssini.: the human IP receptor or in stimulating 
c,1kium influx in cells expressing the EP1 receptor; indeed the EC50 
values for these responses were the same (-.0.35 nM. Table 2). 
Ea1·tier pharmacologk~I studirs using a range of isolatt>d ~mooch 
muscle bioassay preparations also concluded that iloprost has 
potent act ivity at both the IP and EP1 receptor 125.38.39). 

In the 11rcscnt bioc hemicJI functional a ssays, iloprost a lso 
activated the human EPJ receptor to elevate intracellular cyclic 
AMP levels. although the EC50 value was some 75-fold h igher 
than that required to activate the response in cells expressing 
the IP receptor. Jloprosr was IC'ss acrive on the cells express ing 
the FP or EP4 receptor. and very much less ,1ctive in eliciting a 
response in cells expressing the TP, EP2 or DP1 receptors. Earlier 
work in cells expressing eithPr the human EP2 nr EP4 receptor 
has also shown iloprost be a very weak agonise in terms of its 
ability to e levate cyclic AMI' in such cells I '10 ]. Recent studies in 
HEK-293 cells over-expressing EP2 receptors ,1lso showed 
iloprost failing to elevate intracellular cyclic AMP 1261. However, 
iloprost had some activity in cells over-expressing the EP• 
rec:eplor, anti partial agonist ,1crivity in cells over-expressing the 
OP1 receptor. with Wilson and colleagues 126] concluding that 
the latter receptor may be activated at high concentrations of 
iloprost. Jn the current study and in all previous work, iloprost 
likewise had very low activity on the DP1 receptor expressed in a 
number of different cell systems including human platelets ,1nd 
COS- MG cells 121.41.42 I. 

In rhe present wnrl<, treprostinil exhibited a very different 
profile in the radioligand binding assays for the human prostanoid 
receptors when comp•ared to iloprost. Thus. unlike iloprost, 
tre prostinil hJd J high affinity for both EP2 and DP, receptors in 
the binding assay. which was surprisingly, som<' 10-fold greater 
than that for the IP receptor. On the other ha nd, treprostinil had a 
200- fold lower ,1fllnity for the El', receptor compared with iloprost. 
and the affinity for the IEP3 .md FP receptors was in the low to mid 
micromolar range as opposed to the nanomolar range for iloprost. 
Affinity for the EP1 receptor was low for treprostinil and iloprost. 
and both had minimal .Jftiniry for the human TP receptor. 

The rank order of activity of treprostinil in evoking changes in 
either cyclic AMP or intracellular calcium levels in the cells 
expressing r·he individual human prostanoid receptors was 
comparat>le to that found in the radioligand binding assays. Thus, 
t reprostinil elevated cyclic AMP with a similar high potency in cells 
expressing either the IP or DP1 receptor. and its activity on cells 
with the EP, receptor was also high. Ot her work assessing 
prostanoid receptor antagonists in murine alveolar macrophages 
has suggested that treprostinil acts on EP2 receptors to inhibit 
phagocytosis and cyrnkine release [43j. In the current work, 
treprostinil was less active on cells expressing the human EP3 or 
the EP4 receptor. and poorly active on the EP1 receptor. with very 
low activity on the TP .:ind FP receptors. 

As with the binding studies, the high activity of iloprost at the 
EP 1 receptor site along with the finding that treprostinil had high 
a ffinity and potent activity a t the DP1 and EPi sites, are the key 
differences in the profiles of these two prostacyclin analogues. 
Interestingly, from a ph~•logenic perspective. the EP2. DP1 and IP 
receptor .ue the most highly related receptors within one of two 
subgroups ofprostanoid receptors 141,44). Such potent activity of 
rre prostinil at the DP1 receptor provides a novel aspect to 
interpreting pharmacological activity of this prostacyclin ana­
logue, as activation of the DP, receptor will lean to both 

vJsodilJ tation Jnd inhibition of human pl,1telet aggregation. as 
does IP rece ptor activation j45.461. 

In terms of pharmacological respon.ses that could underlie 
!hf' rl1erape11tic benefit of these prostacyclin analogues in the 
clinical treatment of pulmo nary hypertension. s tudies on human 
pulmonary vascular t issue are clearly imporrant. It is known 
from studies utili sing pharm,icological agonists and ant,1gonists 
th.u chc prost,noid recep tors involved in the rPlax~tion of 
human pulmonary venous preparations in vitro are the DP1 and 
II' receptors, and to a lesser extent the EP4 receptor [47.48). In 
hum.rn pulmonary arte ry preparations howevc·r, the IP rccepror 
appears to be the predominant receptor involved in relaxation 
j47J. Additiona l studies have indicated that the prostanoid 
receptors involved in the contraction of human isolated 
pulmo nary veins were th.e EP1 and TP receptor 149). Indeed, 
EP1 receptors are expressed in human pulmonary veins. as 
demonstrated by immunohistochemistry [48 ). Earlier pharma­
cological work had also suggested that EP3 receptor agonists had 
potefft contractile activity on the human isolatecl pulmonary 
.u-tery 1so1. 

It is not yet known whether the high affinity and potency of 
iloprost for the EP1 receptor will lead to vasoconstriction and 
oppose the vasodilatation evoked through IP receptor activation in 
arteries or veins. This will depend on faccors such as the relacive 
density and distribution of the EP 1 and IP receptor in these tissues. 
especially human pulmonary vasculature. There is however. some 
evidence that activation of the EP3 receptor. which like EP 1 

receptor activation elicits vasoconstriction, can offset the vasodi­
lator response to JP receptor activation by iloprost in rat small 
pulmonary arteries in vitro [ 51 ). In other studies. EP3 or EP, 
receptor activation has b~cn suggested to limit the relaxant 
activity of prosracyclin analogues in guinea-pig aorta (52) or rabbit 
iliac d1lery [S3 ]. Moreover. the vasorelaxant actions of both 
ilopros t and treprostinil in rat tail artery was e nhanced to a small 
but significant degree by an antagonist at C:he EP1 receptor. 
suggesting a functional antagonism with IP receptors in this tissue 
f54 I. 

Apart from the potential opposing functional interactions 
between the vasodilator and vasoconstrictor response following 
prostanuid receptor .1Ctivarior1. there is the possibility of .1dditive 
or synergistic effects through simultanl'ous aL<ivation of the 
different G, -coupled prostanoid receptors. which theoretically 
could enhance the tl1erapeutic efficacy of the prnstacyclins. 
lloprost has relatively poor affinity for the EP 4 receptor that can 
evoke vasodilatation in human vascular tissue [48.55), and even 
less affinity for the DP1 and EP2 receptors. that .along with the IP 
receptor, are primarily involved in the pulmonary vasodilator 
response to prostanoids [561. Therefore. additive or synergistic 
effects of iloprost at prostan.oid receptors evoking vasodilatation, is 
unlikely. In contrast, the high affinity and activity oftreprostinil at 
the human DP1 and EPi receptors in addition to the IP receptor 
could synergise to potently evoke a vasodilator response. while t he 
minimal activity of !TeJ)rostinil at EP1 receptors would not he 
expected to produce an opposing vasoconstriction. This profile 
suggests that treprostinil could have a comparatively preferential 
vasodilator profile in vascular tissue. particularly in the human 
pulmonary circulation. 

The difference in the pharmacological profile between iloprost 
and t reprostinil in some models may hence reflect activity at 
multiple prostanoid receptor sites. Thus in human pulmonary 
arterial smooth muscle cells, treprostinil evoked a full dose­
dependent elevation of intracellular cyclic AMP, whereas iloprost 
was less potent and reached a far lower maximal response 157). 
Whether this reflected (a ) activation by treprostinil of mulciple 
prosta.noid receptors coupled to Gs compared with iloprost (b) that 
iloprost was only a p;irfial agonist at these sires, (c) that thC' 
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respo nse to iloprosi at the IP rece ptor w as limited by concurrent 
EP1 and EP1 receptor accivai tion or (d ) a combination of the above, is 
not known. 

The d is11J rity of the profile belwc>en iloprost ,md t reprostinil 
a t the various prosranoicl receptors wi ll have importance when 
determining the overall pharmacological events that they 
ini1ia1e . especially when used to treat disease. This could ;ilso 
contribute to any differences in the degree of side-effects of 
these prostacyclins in clinical use. including those exerted on 
the> gastro-intPst in.il t rJct. Under physiologica l conditions. both 
analogues are potent agonises at the IP receptor. which may 
dominate the nature of the overall pharmacologica l responses in 
vascular t issue. Howeve1-. it has been de momtrated clearly in 
two studies using human pulmonary tissue. that in idioparhic 
pulmonary arterial hypertension. the expression of che IP 
receptor is duwn-regulatted when compared to control tissue. 
as de tected by both immunoblotting and immunohistochernical 
techniques [29.581. Under such conditions of low IP receptor 
density or stimulus-coupling activity. the pharmacological 
res ponses of either iloprosr or treprostinil t hrough IP receptors 
could potentially be compromised. Indeed, i n a rat model of 
µulmo11a ry hypertension where almost complete down- regula­
tion of the IP receptor was observed. ir w.is suggested that 
iloprost may act through another vasodilator receptor, the EP4 

receptor. as this was not similarly down-regulated 158 1. The 
expression of thP EP4 receptor has been de tected in human 
pulmonary vein using immunohistochemical techniques [481. 
However. the relat ively poor affinity and activity of iloprost at 
t he human EP4 receptor s uggests that activat ion of this receptor 
is unlikely to occ11r in rhe therapeutic dosing r;mge of 
iloprost. the upper plasma concentrat ions achieved with 
int ravenous administration in humans for examp le. being less 
than I nM I 59 ]. 

Should expression of IP receptors be sufficiently down­
regulated in pu lmonary vascular disease to reduce efficacy at 
rhe IP recvptor. treprostinil could have the capacily to act on the 
other key vasodilator prostanoid receptors in the lun.1;. namely the 
DP1 receptor and the EP2 receptor. As treprostinil has high affinity 
and activity at these la tter prostanoid recepw rs. such positive 
interactions s hould be ;u.:hieved wirhin the s,1me clinical dose 
range that affects IP receptors, with plasma concentrations of 
t reprostinil in patients treated by intravenous or subcutaneous 
routes ranging from 2.5 uo 25 nM 160[. This would require that 
unlike the IP receptor. the DP1 and EP2 prostan-0id receptors were 
not similarly down- regulated in human pu lmonary vascular 
disease. Interestingly, EP2 receptor expression in pulmonary 
arterial smooth muscle cells did not appear ro be affected by 
monocrot,11ine treatment that produced experimental pulmonary 
hype rtension in rats 1581. t hnugh its effects on OP1 expression were 
not monitored. 

The importance of the differential prostaooid receptor 
~goo ist profile of ilo 11rost and tre11rostinil will therefore become 
clearer with further knowledge of the pathology of this disease. 
particularly as regards to changes in IP and other prostanoid 
recep tor expressiun or desensitisation and their coupled 
functional act ivity in t he pulmonary vas cu latu re. Moreover, 
consideration of pharmacological actions other than t he 
vaso.active pruperties of the prostacyclins is wa1Tanted. Thus. 
the degree of involve ment of IP receptor or other receptor 
activation in the processes limiting the characteristic exagger­
Jt~d vascular smoot11 muscle proliferat ion in pulmonary 
hyp.:-rtension requires careful evaluation ~ 28.29 1 . All ~uch 

information may guide the eventual selection. based on its 
pharmacological profile, of a particular prostacycl in analogue or 
IP agonise for the various aetiologics that comprise the spectrum 
seen in pulmonary hypertensive patients. 

Acknowledgments 

This work was funded by United Therapeutics Corporation. 
North Carol ina. Unil('(I s1·a11's. AS .md DM Me em ployees of United 
Therapeutics Corp. and its subsidia1y , Lung LLC. respectively. LHC 
has acted as a consultant for United Therapeutics Corp. and has 
received research grJnts from them. llJW has acrecl as a consultant 
to Unice<I Therapeutics Corp. The authors than!< Dr Michael Wade 
(United Therapeutics Corp. LJISA) and Dr Annie Otto-Brue (Cerep. 
Fr.mce) for !heir most helpfu l advice cm the study·. 

Appendix A. Supplementary data 

Supplementary data associated with this article can be found. in 
the on line version. at http://dx.doi.org/10.10 16/j.bc p.2012.03.0 12. 

References 

[ 1 l Rubin LJ. Groves BM. Reeves JT. Frosolono M. Handel F. C•tto Af. Proslacyclin­
induced actUe pulmonary vasodilation in primary pulmonary hypertension. 
Circularion 1982:66 :331 - 8. 

[21 ll.Hst RJ. Rubin LJ. Long WA. Mccoon MD. Rich S. Badesch DB. er al. fl 
comparison of conrimious lnrr.ivenous epoprost~nol {prosr~1cyclin) with con­
ventional rhcrJpy for primary pulmon3ry hyperlcnsion. The Prim.:ny Pulmo-
1w y Hypertension Scudy Group. N Engl J Med 1996:334:296- 302. 

(31 Barsc R. How has cpoprostrnol changed ihc outcome For parienrs wirh pul­
mn11:1ry :tl"t'f"r1.1l hyp<'IT('O'Sio11. Int J Clin PrMr C::oppl 2010: 23-32. 

(41 S.lfd<:lr 7.. TffJo.tfmcnt nf pulmon<:liry olrt"erial hyp<"rtcns1on: rhe role of proc;raey­
clin a.nd prosragl.111<lin analogs. Rcspir Med 201 l ;105:8 IS.- 27. 

[SJ Whirtle BJR. Mnnc.lrla S. Vane JR. H1ologtcal .activities of somr metabolites .a.nd 
.aoalogue$ of prostacyclin. In: Oe Las Hcr~s f"G, Vega S. edirors. Medicinal 
chemistry adv;inces. Oxford: Pergamon Press: 1981. p. 14 1-58. 

IGJ Whittle 6JR. Monc<1id.a S. /\otirhirombotic assessment .and clinical poteoti.al or 
prost.acyclin .o:1n.o:1logues. In: Ellis GP, \.Vest CB, editors. Progress in medical 
chem istry. North t'lo lla.nd: Elsevier Science- Publishers; 1984. p. 237-79. 

(71 Olsch.ewski fl. Rose F. Sche rmuly R, Ghorrani HA. Enke B, Olschewski A. et a l. 
ProstJcyclin and ir.s .analogues i.n the treatment of pulmonary hyperten~ion. 
Phannacol Ther 2004: 102: 139-53. 

ISi Mor.Jk.ami M. War.mabi: M, Forok<:1wa H, Nakahau H. Tiu:: l-.uostacydin •ma­
logue- bN.:aprnst sodiutn pr~vents ocdusinrl of by1>.:u;"' gr.tfrs in 1>nlicnto; wil h 
lower ~xtremity ill'teri.d occlusive d isedse: a 20-year relro~peccive n udy. Ann 
V.'5C Surg 2005: 19 :838- 42. 

191 B•rma nS. Quick R. Yoder P. Voigt S. Stroorman 0. Wade M. Treprostinil sodium 
(Rcmodulin ). a prosiacyclin anaLog, in the lfe><men1 or c riti cal limb ischemia: 
open-labe l m 1dy. V.iscular 2006: 14: 142- 8. 

[1 0] Fe rMndez B. Suoo1man D. The prosracyclin analog. u eproslinil sodium. 
provides sympcom rclierin severe Buerger's disease- a case reporr and review 
or lircrarure. Angiology 2006:57:99- 102. 

[ l 1 J Kawaild A. Borm<!sler GR. Huscher D. Sunderkotrl'r C. Riemekasren G_ Low 
versus high~dosc iloprosr lhcr.1py over 2 1 days in paticnrs with secondary 
Raynaud's phcnomC"non and systemic sclerosis: a randomized. open. single­
cenre·r study. j Rheumatol 2008 :35: 1830-7. 

[ 121 Moriya II. 1-o;hioka K. Honda K. Oka M . Maesam K. lkee R. et al. Ber;iprost 
sorl1um, .in orally active prn~ta,glandrn 12 analog. improves renal anemia m 
hem()d ialysis parien" wich pe ripheral artenal disease. Ther Apher l>ial 
20!0: 14:472- G. 

( 131 l'taggesi A, Vallin! V. lacopi E. Tedeschi A. Sc.a.ten.a. A, Corert~ C. tr ilL floprosr in 
the m.:m.Jgemcnt of peripheral .:uteri.al disease ifl p.atients with diabetes 
melhtu.s. Minerva Cardioangiol 2011;59:101- 8. 

I 14 f Hoeper MM, Schwan e M. Ehlording S, Adler-Schuermeyer A. Spiekerkoerter E. 
Niedermeyer J. er al. long-term t rtatment of primary pulmonc11y hypertension 
with aerosolized iloprosl. a prostacyclin .rn~1logue. N Engl J M ed 
2000 ; 342: 1866- 70. 

I 151 Simunne.iu G, Ban t RJ, Calie r\ . .Naeije R. Rich S. Bourge RC, et al. Continuous 
; ubcucaneous infusion or crepro:;c inil. a promcyclin analog1LJe, in patient~ with 
putmonary arterial hypenension: a double-blind. rJndomized. pl.acebo-con­
trolled t ri3I. An> J Respir Crir Care Med 2002: 165:800- 4 . 

[ 151 Comberg-Maitl3nd M. Olschewski H. Pro; racyclin !hcrapies for the trcalment 
of pulmonary a rte rial hypc rrcnsion. Eur Respir J 2008 :31:891-901. 

I 171 Skor<>-Sajer N. Lang I. Nacijc R. Trcprostinil ror pulmonary hypcrtc,,sion. Vase 
He•lrh Risk Manago 2008:4:507-13. 

{1 81 Vrirhicry JL Prosrac:yrlins in pu lmonary "rteri-11 hyprrrcn·sion: rhe need for 
rwlier therapy. fldv Th•r LO! I :28 ·251- 69. 

(1 91 Hirata ·r. Narumiy.:t S. Ptosr<:looid receptors. ( hem Kev 201 1; 111 :6209- 30. 
('IOI Kennedy l. Coleman RA. Humphrey PP. l evy GP. Lumley P. Studies on rhe 

characteris.ation of prostanoid receptors; a proposed classificacion. Prosta· 
glandi ns 1982 :24:G57- 89. 

121] Abramovilz M, Adam M. Boie Y. Carriere M. Denis D. Coctbout C. et at The 
utilization of t·~combin.ant proslanoid receptors codetermine the affinities .and 

UNITED THERAPEUTICS, EX. 2005 
WATSON LABORATORIES V UNITED THERAPEUTICS, IPR2017-01622 

Page 91of92 



fJ_J. W/1i11/e er ol./lliocl1emica/ l'hannaco/ogy 34 (:Z012) G8- 75 75 

'elenivilies of 11ru>t,1t!l,indi11s Jnd ielJt~d JnJlogs. 8iorhi111 8iophys .~ctJ 
2000: 1483:285- 93. 

122 1 Col•man RA. Humphrey PPA. Kennedy I, Lumley P. Promnoid re<:epwrs - 1he 
development of ,1 WDrking class classific,mon. Trends Ph~mn;acoJ Sci 
1984:5:303- G. 

[21 I lnlc-m.in RA. Kennedy I. Hurnphrey PPA. 8uncr K. t umlf"y I'. ProstJ noids .md 
rhrir rcrrptors. In: H.1nsch C. Samnes PG. T.1ylor J R. rdilors. ComprE!hensi\:e 
111rrlic·i1i.111·11c ml.:;rfy. Oicford : Pt~fg,1...-1011 Pl't"S"ii: l!l!;"JO. p. 643 7 14. 

IZ41 Won,[w.\1't1 Ul-'".JonC'S RL. N.uumiy~ S. l nt<>rn.lfinn.1! 11nio11 of basic .rn<l d inic,11 
ph.um.lcology. LXXXlll: Classitic.1tion o( p ro'.'>1anoit1 recC'p?Ms. updating 15 
ye.:-rs of progrc'ljs. Ph.trmarol Rev ZOI I ;63:47 l -~38. 

125 I Colem.m KA, Smith WL N~Humiya S. lntcrnc'lt1onal onion of phMmdcology 
class1fiCdlion of prostjn01d rcccprors: properties. dis1ribut1on, a nd structure of 
the receptors .rncl their s ubtypes. l'h..un1acol Nev ~994;46:205-29. 

1261 Wilsun SM, Shedd•n NA, Newton K, G1embycz MA. Evidence for • second 
receptor fo r 11ro.sc.1cyclin on human Jirw.iy epithelial cells fhat medialcs 
inhibition of CXCL9 .md CXCLI 0 release. Mol Ph<1r1Tii:!.COI 20lt :79:586- 95. 

!27'1 Lombroso M. Nicosi.1 S, Paolen i R. Whillle SJR. Moncada S, VJm~ IR. The use of 
!.l.1ble prostaglan(lins, to inve~llt:,dlC p10S:ldt'ydin (PCb)-.l.Ji11ding ~ites .-nd 
PGl1-sensitive Jdenylate cyclase in human plarelc-1 meull.Jranes. Prust.ig,IJn­
dins 1984:27:321 - 33. 

[281 f Jlceui E. Flavell DM. S1aels B. Tinker A. Haworth SG. Clapp LH. IP ro;::epwr­
dc.-pcndenr ~crivarion or PPAR-y by stable prost.acyclin ,rnalugues. Oiochem 
Blophys kes Commun 2007:360:821- 7. 

(29] Falcctti E. llall SM, Phillil1' PC, Patel j, Morrell NW, Haworth SG.et al. Smomh 
mu-.cl" pmlifcrarion .lnd rnle of rh" prosucyclin ( IP) rr-cepror in idioparhic 
pulmonary a (t crial hypcrcr nsion. Am J Rcspir Crit Car~ Med 2010; I 82: 11 6 1-
70. 

P<'] Kuwano K, Hashino A, Asaki T, l larnarnol'O T, Yamad• 'r. Okubo K, er al. 2-[4-
l(:..G-DiphenylpyraZ1n-1.-yl)(isopropyl).1minolburoxyl-N-(mc1hylsulfonyl).l­
cctamide (NS-304), a n o.Tcllly avallable and long-acting prost~1cychn receptor 
agonast prodrug. J 1'h.um<1col Exp ·rhrr 2007:322: 1181 - R. 

IJ l J Monisoo K, Ernst R. lless P. Studer R. Clozel \.1. Selexip.a.g: ;i sC"lective prost.a.~ 
cyclic1 rcccp101· a~omst that does no1 .iffect rat gastric function. J l'harmacol 
Exp Thc1 2010;335:249- 5'.j. 

!J2 I CIJIJP Lil P.;1.telJM. The mechanistic b.isis for prost.icyclin a ctio n in pulmonary 
hypertension. tut J Rt:spi1· CMt.: 2010;27-JJ. 

(33 J Ki1·i:yJt1).l M . Ushikubi F. Kobay<1shi T, Hi1d ld M, Sugitnoto Y. Narumiy.i S. 
Ug.and binding specificities of t he t.>ight type.s .lnd subtypes of the mouse 
prost.Jnoid reccplOrs expre!>sed in Chinese h.:un.5>ter ov.;1ry ('ells. Br J Ph.irm..1col 

1997: 121:217- 24. 
(34 J Wrighl DH. Metters KM. Abr.11110vitz M. Ford-Hutchinson AV!/. ChJracteriza-

1ion of the recombinant hum an prostanoid DP receprnr and identific,11ion ofl­
G44.698. a novel selecrivc OP asonisr. Br J Pharma col 1998: 123: 1317- 24. 

[35) ShJri[ NA. Davis TL Cloned hum•n EP I prostanoid receptor pharm"ology 
chMacrc rizcd using r..tdioligand binding techniques. J Phann Ph.umJcol 
2002:54:539- 47. 

[361 ShMif NII. Crider JV, Xu SX, Williams GW. Arfinici~s. selectivities. potencies. 
and inrrinsic activities ofnatur.1l .and synrhctic proscaooids using endogenous 
rl'Ct"pro~: focus on OPcl.lS!i prostano id 'i. j Pharm3col Exr Ther 2000:293:321 -
8. 

('J7 J Ungrin MU. C.urirrr MC, Orni~ 0. l..1montilgnc S. Sawyer N, Srocco R, N at Key 
srm crurdl fea tures: of pros[agl<indin E2 .l.nd prnsranoid analogs involved in 
bindiog and activation olfthe human El11 prost.anoid recepfor. Mol Pharmacol 
2001:59:1446- 56. 

(38 1 Dong YJ. Jones ltl. W ilson NI L Pro.staglandin E receptor subtypt>s in smooth 
0'11.J.SC-le: ag·onis:t activitir'.!i of stable prostacyclin a nalogues. Br J Pharmacol 
1986;87:97-107. 

t39 I Armstrong RA Lawrence RA, Jon rs RL. \Vi Ison NH, Collier A. Fonc.tional and 
ligdnd binding srudics suggesl hecerogcncity of platele1 prostacyclio n:cep­
l01'S. B1 J Phannacol 1989:97:657-68. 

[40 I Wilson RJ. Rhudes SA. Wood RL. Shield VJ. Noel LS, Gr•y DW, er al. Functional 
ph.trn1Jt:ology of humJn proslanoid EP,, Jnd EP,. receptors. Eur I Ph.Jrm..tcol 
2004:501 :49- 58. 

[411 Boie Y, SJ WVCI N, Slipetz DM. Mell•rs KM, AbrJlllOVirz M. Molecular cloning 
Jml chJrJ Ctcrii,-11io11 of th(~ huru.rn µrustdnuic.I DP 1er,~pt0r. J Biol Chem 
1995:2i0; I 8910-16. 

(421 Sl>arif NA. Willi.11ns GW. DJvis TL PharmJrology ,HHI JOIOrJdiogrdphy or 
human DP proSlanoid receptors using (' H]-UWASGSC. ,, Di' recepror-selcrt ive 
.mr.gonisl rJdioligand. Br J l'hannarol 2000: 11I:1025 - 38. 

(431 Aronoff OM. Peri's CM. Serezani CH. H.tllingcr MN. c.irsrt>nsJK. Col~m.1n N. M ,11. 
<;y f11ht~1ic pmscacycli1l .111alog.."i diffrrf'nrt<1lly l't~g1 1l..t 1c mL1crnph.1ge f11nn inn vra 
c11:iitinrt ana!og-rrtPptor binrl ing lipc'C'itiritil"'lil. J lmmu nol 2007; 178: 162R- "t4. 

[44) Abramovit z M, l\d;am M . Boie Y. Grygorczyk ft Rt.1shmorl! TH. Nguyen T, et~'­
llum.:rn prost.lnoid recept ors: cloning .ind characterization. Adv l'rostaglandin 
' l"h rornboxane Le-ukot k es 1~!J5;'.l3 :499-SU4. 

1451 Whinle BJR. l lam1d S. Lidbm·y P. Ros:.un t\C. Spetifinry between anti-Jggre­
gatol'y .a.crio1ls of p1·0.sr.acydin, prosragl.rndin EI dnd 02 on pl.tl (·h~c-s. In: 
\'Vestwick J. editor. Mechanisms ot stimulus secretion coupling 10 platelets. 
New York: Plenum Press: 1985. p. 109- 25. 

1461 Gi les H. Leff P, Bolofo ML Kelly MG, Robertson AD. The classificdlion of 
µ1XJ~L<tgl.mdin DP-1·eccplu1·s in platele1s dud v.isculJruu·e using B\V A868C, J 

novel. scleniv~ .rnd putent compt-titive J1Ha1:::uni SL. 81 J Ph.m 11JCOI 
1989:96:291-300. 

(471 W~lch L. l.Jbat C, G.sc•1d JP. de M. Brink CV, Nore! X. P1ost•nuid receptors 
involved i n 1he 1·elaxation of human pulmonary vessels. Br J PharrnJcol 
1999: ( 26:859- 66. 

[48] Fo·ud i N. Kotclevers L Loucdcc L. lcscchc G. Hcnin D. Chostrc E. ct al. Vusor­
elax.ltion ll1duc:ed by prosr11g landin E1 in ht1man pulmonary vein: roll"' nr rhr 
F.i>; rorcptor subryp<. Br J Pharmacol 1008: 154: I fil 1- 9. 

{49) \V..ilch l , dr Montprc villr V. Brink C. No re! X. Prostanoidl EP I .and TP-rc<"eprors 
involv<'d in 1hc concracrion of human pulmonary v~in!i. Br J Ph.umacol 
2001; I J4; 167 1-8. 

(SO] Qi.an YM. Jones RL. Chan KM. Stock Al. llo JK. Porcnt cont ractile actions of 
prostanoid [P3 recepto r ago:msts o n human isolated pulmonary a rtery. Br j 
1iturmacol 1~>94: I 13:'369-74. 

[S II Kuwano K. llashino A, Noda K. Kosugi K. Kuwabara K. A long-acting and highly 
selective p rost.acyclln receptor a~nist prodru~. 2-{4-l(S.U-diphenylpyruinM2• 
yl )( isopropyl )dm ino lbutoxy J-N..( merhylsulfooyl )aceta mi de ( ~ S-304 ), amel 10· 
rates r.at pulmonary hypertension wirh umque relaxant responses ofits active 
form . (4·1{5,G· diphenylpyr dZin-2-vlXiso~uopyl}dcninojbutoxy}.acetic .acid 
('.\iRE-169), on r.t polmona1y anery. J Pl1.1rn1J<0I Exp Ther 2008:326:691-9. 

1521 Cldpp Lil, Turca10 S, Hall SJ, Baloch M. Evidence that Ca"-activdled K" 
ch • .mnels play a major role i~1 meJiJt ing the vJscul.u e ffects or iloprost J nd 
cic•prosr. Eur I Pharmacol 1998:356:215-2~. 

l53J McCormick (,Jones RL, Ke1m edy S. W.Jdswonh RM. Activation of prosranold 
EP rec.epto1s by prosC.ltyclin analogues in rabbir iliac a1rtery: implications (or 
.1nri-res1cno1ic porenrial. Eur J Ph.rmacol 2010:641 : 160- 7. 

[541 Orie NN. Clapp LH. Raio of prosronoid IP and El' re<epiors in mediating 
v.t:SoreLaxant responses ro PGl2 Jnatogues in rat toil an ery: evidence fo r Gil 
o modularion via EP3 recepwrs. Eur J Ph.1nnacol 20t 1 :654:258- 65. 

1551 Da vis RJ, Murdoch CE, Ali M, rurbrickS. Ravid R. BaxicrGS,ct al. EP, promnoid 
reccpror-mediared vas:odil,Jt,Jtion of humdn middle cerebral arteries. Br J 
Pharmarnl 2004: 141 :580- 5. 

156] Norcl X. r rostanoid rcccpro~ in lhe hum•n vascular wall. ScicntiflcWorld­
Jnt1rn•I <007:7:1359- 74. 

1571 Clapp LH. i'inncy PA. Turr.110 S , Tran S, Rubin LJ. Tinker A. Differential effects al 
st.'1hle prosracychn analogues on smooth muscle prolife..-ation and cyclic AMP 
gc11er.ation in human pulmonary .;i.rtery. Am J Rcspir Cell Mel ~iol 
21)02:26:194-20 1. 

158) Lli Yj. Pullamsetti SS, Dony E. We1s.sm.mn N. BlJrrous G.Banat GA et al. Role of 
the prost .moid EP4 receptor in iloprost ·mediJted v~sodilatarion in pulmonary 
hypertension. Am J Rcspir Crit Care Med 2008: 178: 188-96. 

159/ Kr.a.use \IV, Kra:i s T. Pharmacottinetics and pharm.tcodyriamics of the prosracy. 
diu dO<llugue 1loprosr ln man. Eur j Clin Ph.:trmacol t986;30:61 -8. 

(601 Mc.Swain CS, Benz• R, Sh•piro S, liill N. Schilz R. Ellion CG. er •I. Do>e 
proportion.ality of trcprustinil sodium ad1ninisrered by continuous subcutd· 
l)l'()uS d!ld inu.wenuus infusion. J Clin PharniJcol 2008;48: 19-25. 

UNITED THERAPEUTICS, EX. 2005 
WATSON LABORATORIES V UNITED THERAPEUTICS, !PR2017-01622 

Page 92 of 92 




