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A BSTRACT 

Backgromid Uncont ro lled studies suggested that 
aerosolized i loprost, a stable analogue of prostacyclin, 
causes selective pulmonary vasod ilatation and im­
proves hemodynamics and exercise capacity in pa­
tients with pu lmonary hypertension. 

Methods We compared repeated daily inhalations 
of 2.5 or 5.0 µ.g of iloprost (six or n in e times per day; 
median inhaled d ose, 30 µ.g per day) with inhalation 
of placebo. A tota l of 203 patients with selected forms 
of severe pulmonary arterial hypertension and chronic 
thromboembolic pulmonary hypertension (New York 
Heart Association [NYHAl functional class Ill o r IV) 
were included. The primary end point was met if, af­
ter week 12, the NYHA class and d istance walked in 
six minutes were improved by at least one class and 
al least 10 percent, re:;pectively, in the absence of clin­
ical deterioration according to predefined criteria and 
death. 

R emits The combined clinical end point was met 
by 16.8 percent of the patients receiving i loprost, as 
compared with 4.9 percent of the patients receiving 
placebo (P= 0.007). There were increases in the dis­
tance walked in six minutes of 36.4 m in the iloprost 
group as a whole (P= 0.004) and of 58.8 m in the sub­
group of patients with primary pulmonary hyperten­
sion. Overall, 4.0 percent of patients in the iloprost 
group (including one who died) and 13.7 percent of 
those in the placebo group (including four who died) 
did not complete the study (P= 0.024); the most com­
mon reason for withdrawal was clinical deterioration. 
As compared with base-line values, hemodynamic 
values were significantly improved at 12 weeks when 
measured after iloprost inhalation (P< 0.001). were 
largely unchange d when measured before iloprost 
inhalation, and were significantly wo rse in the placebo 
group. Further significant benef icial effects of iloprost 
treatment included an improvement i n the NYHA class 
(P = 0.03), dyspnea (P= 0.015), and quality of life (P= 
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 with cl inical deterioration. 

Concfasions Inhaled iloprost is an effective thera­
py for patier1t s with severe pulmonary hypertension. 
(N Engl J Med 2002;347:322-9.) 
Copyright @ 2002 Massachusetts Medical Society. 

A 
CONTINUOUS infusion of prostacyclin 

was t he first therapy shown ro n:ducc mor­
tal ity in a controlled study of patienrs with 
severe pulmonary hypertension. ' However, 

its use is associated with a number of serious draw­
backs. T he l::ick of pulmonary selectivity results in 
svstemic side dkcts, tolerance leads to prog,rcssive 
increases in the dose, :.ind there may be recmrent in­
fections of the intraveno us cathctcr.i As an ;Utcrn;1tivc, 
inhaled nitric oxide possesses pulmonMy sekctivity, 
but it is less potent t han prosracyclin in the pulmo­
nary vasculaturc.3·~ Moreover, an interruption in the 
inhahttion of continuous nitric oxide may cause n!­
bound pulrnonary hypcrtension.>.11 Designed to com­
bine the beneficial effects of prosr.acyclin with those 
of an inhalational application, aerosolized prostacy­
clin was frmnd to be a potent pulmonary V<\Sodilator 
in patients with acme respiratory failure, exerring 
prctl::rcnrial vasodilatation in well-ventilated lung: rc­
gions.7·10 Simil:ir results were o btained in spontane­
ously b n::arhing patients who had lung fibro~is and 
severe pulmonary hypertension u 

floprost is a stable analogue of prosracyclin that is 
;1ssociared with a longer duration of vasodilarntion.12 
When administered during a short ;1erosolization ma-
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IN HALED ILOPROST FOR SEVERE ~ULMONARV HYPERTENSI O N 

neuvi:r to paricms with pulmonary hypertension, its 
pulmon.u·y vJsodilaLivc potency was. similar to thaL of 
prost<Kyclin, but its ctfocrs lasted for 30 to 90 min­
utes, as compared wirh 15 minures.4·11·13· IS Several 
o pen-label, tmconrrolled st11dies of patients with se­
vere pulmonary hypcrrcnsion suggested that loug­
rcrm use of .1erosolizcd iloprosr resu lts in subst.unial 
dinkal improvcmenr.11· 1~-16·10 Our objective in this 
rri.1l was to evaluate rhe effects of inhaled iloprost 
using a rigorous cnd point of clinical cflicacy. 

METHOD S 

Selectio n o f Pirtients 

PJri(:lltS w1th prmury pulmon.iry hypcrrcns-1011 .rnd sckctcd ti1rms 
~if 11011pri11ury pulmnn.ary h~pc:rtc11sion were c.tndid.llc:.\ tf,r the 
study. The fonns of 11onp rim.iry pulmonary hypcrtc:n~ion includ· 
cd appetire-supprcs.«rnt- associatcd and sclerodenna-assodatcd 
pulmou:iry hypertension .t~ wdl as inopc.1":lh!c.: d 'l nmk thrnmhocm· 
bo lic pulmo11ary hypcrtcnsiuu. The indusion critcfr.t were 3 1l11.::~n 
puhn011Jry·arrcry pressure greater than 30 mm Hg, rhc ability to 
C<Wi:r b~rween 50 and 500 rn w ithout cncouro.H'.?:Clll l!nt on a six~min­

utc walk lest." and• New Yo rk Heart Associ~rinn (NYHA) fonc­
tional dass uf Ill or IV" dcspirc the use uf srandard <Oll\1'ntiunal 
thc;1";1py (antk<JJ~11lants, d iun:tics, di!:(:iT;ilis, c.tlcium.-ch~urnc.:1 blut:k~ 

~rs. crnd supplcmcnra~ uxygt:n). Paricnts \••ho \\·en:. fakinJ; invcsri­
t t·•1ion.ll ~ir11~s. pros1.u'Hii,ts, or bi.:.1:i-bl(1ckc.: r.s wen.:: cxdudctt. ·rhc 
doses of c.1ki11111-~-hanrn.: I hluc.:kcrs lud lo he c ons1,tnt for more 1han 
~ix \Wcks hcfore study cnrry. Ex...:Jusio11 (ritcri:i , .... ~re .1 pulmo n:uy­
J rtcry wedge.: prt"ssun: at rest of mo re than 15 mm H g, J -.:'.tn.iiac.: 
index .1t n:sr o l" lcss rh.m 1.5 , H. nw rc rh.rn 4 liter~ per minute per 
square m erer of biu..fy--surf.H:e ;trcJ., l.Jl~cding d iso rders, ,1 bilirubin 
le\'d o f more than 3 nig. p<r dt!-ciliter ( 5 1 µ.111n l pc:r liter), i.:rcarininc 
dcorancc bdow 30 ml per nlimttc, J forced ,·itol cJpacity below 
:lO pc:n::_c:m, .1 forced ~xpir:'l.t'ory volunic in one .second rh.it w~s kss 
tlJJn the 1ncln normJ.l v:'l.luc m inus twit::c the stancl:lrd Jcvi::ltio n, 
.tnd dinic~l instabilitv. 

Study Desig n 

A HJtJI C1f 203 p:.ui~nrs participated afi:cr 8iviug wricn::n infi)rmt:d 
consent and .lfrcr the sn1ciy had been approved by rite loca.1 ethics 
(onunittGcS at 37 Ewropcan spcci:tlisr centers. P:.tk:nrs were ran~ 
d o mJy Assigned to rcc..:i\•c iloprosr ( I le 11ncd in, Sch~ring) or placc.:.bo 
.11lcr ""ltili<ation accord in[( to N)'HA ti111c1 ion al class ( Ill or IV) 
.tnd type of pulmonary h)' pt::r tcnsion (prim:iry o r nonprim;iry) by 
Ml indcpcnJcm ('Ommit ti.::c whose mr.:mbL·rs were unaw(irc of p.-­
ricnts' iLkntitics. A totr.11 ciflOl pMicnu w1·rc randrn11ly .1ssigncd to 
the ilop rosl gmup, Jlld 102 were Jssigned to the pl.1Cebo group. 

for inh,ll~ttion ~ ilnprost o r plJ.C(bn w~1s diluted with s:iline to a 
cnnccntratinu nf 10 µg per milliliter, and 2 ml \\'.IS '1dded to a neb­
ulizcr ( H alo I.ire, McdicAid ). This device delivered short pulse• uf 
aerosolized par ticles (geometric median (:>:SD( aerodynamic diam­
eter of l_)lrtidcs, 4.3:':0.05 µm)"' during thc lirst part of each in­
spiration unril a p redefined total inhaled dose nt 2.5 µg had been 
J ispt:nst=d. Tiu: iuhal:uion wJs then stopped or n:pc-atcJ orn.:c, Lo 

.1<hicvc a tol':\I dose of 5.0 µg, depending on how well the parient 
tolerated chc treatment. After ca<h inhal•rion. rbc residual volume 
in the m:bulizcr \\:a.s di.sc:uckd. This manc11vc.:r was repeated six or 
nim: rimes d aily, w ith an overnight break. The ffcllllc11c~r of inha-
1.itiun and rhc dos.: were individuallv dctcnninc:.d within rhc. tirst 
eight days ofthcr.ipy :icconiing to a predefined dosing algorithm. 
Ri~ht~hc,1rt i.::athctcriz.Hion \\'.\S pcrtOrmcci in .111 p.1ticnt~ at h.t~c 

line.:. .mJ Jl'ri.:r l 2 wcd c::s. The,:. :h.:utc d lCt:ts of inh:1lc.::J iloprost wt::rc 
c·v.1luatcd Jfrcr 12 wl·«ks in all patients, but not .it bas.- lim-, to .1wn 
unl>linding. 1\t b.\SC li11c .ind Jfrcr 4, 8, Jnd 12 weeks, pJti<!nts c<>m­
plrr('d ,1 ~i;\'.·minute: ,,,,._tlk tc~t, tht.> J\.bhler Dyspnc..:l lnckx ciucs· 

ti<n111.1irc,J" rhc Eun1Qc)I qut:stinrnuirc,?;; .111d tl1c l 2 ~item 1\ll.!'dicJl 
011rcon1c:s Study Shorr~Form <.__icner.1! HeJlth Surv1.:~r. :.o 

PJticnts were n.;movcd from the .study 1f thcy met t wo c)r mo re 
ot" the fulluwing µn:ddincd criccria fur :J <..ktr.:rior,1rio11 in rl1c1r ..:on· 
d irion: refractory systo lic Jrrcri~l lwporcnsion (blood pressure, less 
rhan 85 m m H£,}; worsening r ight vcntri~lilar failu rL: (i:.g.~ :'IS in · 
d icared bv rhc dcvclopn1cnt of refractory edema nr .1sc itcs); r.lpidly 
pmi;rcssing cantiugrnic, hepatic. or rc1nl failure; a do:.:reasc oLtt 
kasr 30 pcrc~nt in the distance w.dkcd in six minurt!s~ and a d ecline 
in mt:asun:s ofhcmodynamic firnctiun~ su.:h as cctltral venous pn:s­
s11n :. ::i.nd mixed \ 't;ll1H1.'\ c1xy~cn S:lf11r:ui11n . 

Outcom e Measu res 

The primarv rnd point of the srndy rnnsistcd of .m inncasc of 
,il k'<lSt l U pcn..:t:nl in the dist.:.1111..::l~ w,\\kcd in six minutes ~md .10 

T ABLE 1. !l,\s1>- L1~~ Ct1<IRN;rER.1sT1c~ OF Tin; p ,niE:-<TS. ' 

CHARACTERISTIC 

,\gc - )~r 

\.Yl~igh1 - kg. 

Sex - %. 
l\falc 
Fc111.1Jc 

Un,krlying <lir,i.:asc - no. (%) 
Prim;'l!'Y p11ll11ona1)' h)'pCrn.:nsion 
Nonprimary pulmon.lry hypt.>rtcnsion 
Appetite suppress-.111t& 
Collaµ,~n \'.ts:cul:u diseo.\Sc 
Chronic thrombocmbolic pulmon;uy 

l1ypcrrcnsion 

O r.ti vct.fioctil;1tor t hcr.1py - no.(%} 

NYHA funcrio nJI 'hss - uo. (%) 
rrr 
rv 

i\obhlcr Dysp1it,:.1 lnrlcxt 

6 -Mi11u1c V.""J lk dis1ancc - m 

l kmndr11:u11il'. \0.ni.1Ck~t 
P11hno 11.try-.u-tcry pressure. - mm H~ 
C.mi i.lil; 0 11tp1tt - lirc1·s/mi_n 
Pulmonary v.tSCul.1r rcs:isr~rncc -

tl;·n · scc-;:111-5 
Systemic \"41.Scular rcsisr:mcc -
dyn · scc·cni-~ 

CenrrJ..I venous prc:s.sun: - mm Hg 
Pulmon~r)'·:lm:ry we-dge pn.-ssur(' 

- nun Hg 
Arterial o xyf:!.i:ll s.uur.uion - % 
Mixed vc11flu.s ox~·~cn s.uur.uion - % 
l k.1rr r,m; - hcJts/min 

ILOPAOST 
G ROUP 

(N = 1011 

51.2±13.2 

71.3 : 14.6 

.i l.7 
6S.3 

51 (50.5) 
50 (49.5) 
~ ('1.0 ) 

13 (11.9) 
33 ( 32.7) 

52 ( 51 S) 

60 (59.4 ) 
~I (40.6) 

4.l{- 1.8 

33.!: 93 

52.8:!. I L5 
3.8= 1.I 

l029= 390 

1872::673 

9.2=5.3 
7.5 : 3.3 

92.6 :!:4.~ 

60-4± 7.5 
S3.9:t l2.2 

P LACE&O 

G ROUP 

{N= 102J 

52.8 ~ 12.0 

72.6! I 3.9 

33.3 
66.7 

51 (50.0 ) 
51 ( 50.0 ) 

5 (4 .91 
22 (21.6} 
24 (23.SJ 

58 (% .9 ) 

:;9 (07.81 
43 (42.2) 

-.i .27±1.8 

3l.5:!:96 

53.8: 14. 1 
J.8:!;0 9 

1041:!:493 

1827 ::503 

8.ESO 
7.6= 3.9 

92.2:::5 .0 
60.5;:8.2 
Rl.8 = 15.4 

• pil1.~-111i 1ms. v.11111:$ .ire mi.::;111~ !.SO. NYHA c..lc11un·s Nl!w York H_t.'~•rt 
Assoc ia1iun. Tht.:n: w·cn:: nu .si~1ilic.1111 dilli:.rt".J1CX:. li t:1wc.1~11 d11t: il11pto.s1 .md 
1h1; lllaccho grOllpS. D.u.1 on dll ~·.ui~hlc."i were J\·.1iL,hlc IOr .ill p-..ui..:nrs cxccp1 
in the following ( J.ICgo rics: pt1hnollJJ)'·;mcry pressure, I p.,ticm_ in c.tch 
f_roup; -.:ou d1J1..' o utpul, I p:.111cn1 in the ilopros1 group .HHJ 6 in 1hc pl.u;cbo 
group; puhnnn.1r~1 \'.1Sl'Ufor rcs1s1:111-.·~ . 10 and 6. rc-,spct"11vd r: srsrcmk v.is­
,·uf•r rcsi~t.UK<, 11 '111d !4; ,-cnrr;il \'Cnon< pressure. 5 .rnd 7; pnlmon.m·· 
.m·cry wc~ty.e pn::ssnrc, S .md 3; .mc.ri:d O:t\•-~eu sat11r:uiun 1 35 .t11d 31; IHi)'ed 
\'('l)()US OXY~<'Jl S-.UUr:1rioll, 16 .li1<.I 18~ :md he:U't i.lft:1 2 :mtl 3.. 

t0n this 12-poinr ~.lfr, hig.hc:r scnl'es i1\l.tic.uc lc:-ss drspne:i. 
~l':uicms who were rcc.:eiving long-rerrn oxygc.:n th-..·r.lpy r4.."c..:-ivt:d ru.~'d 

lll.~b"t' ll -.h1rU1g tht: 111cJ )t1rcme1u ofb;a,se-line hcmody1umic v~uiJ.blcs. 
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improvcmcur ill thi: N YHA fuw . .:tio11al d .as.s in the Jb~c11cc nf .l 
JL.:tcriur.1riP11 in the tJjn iL.11 co11Jition or tk.1t h durilll!. tile 12 weeks 
of the srudy. Sccond.u-y ctlicacy variables were chJn~;s in the \'alucs 
t<ir 1hc six-minute wolk !'est. the NYHA d :i". M.1hi<r Dyspne:i ln­
ckx scores. hcmuJp1:.11n ic v:1riabks, m d the quJliry or lit<:; d inicJI 
1..k tc.rioratio11: dc~1rh; :'lnd the need for transplanratio n . 

Statistical Analysi" 

T he prim:uy 1.:valu::t1·ion of cfiic.u:y im:h1dcd all r.mdomizcd pa­
til'"ntS. D:lt::I :ire pn::scn tcd ;u; llll.:a ns ±Sn, un1es..s nthr;rwisc stated. 
We ind11dcd d.1r.1 on p.uicnrs wh1> prcmm trdy d iswnrinued rhc 
.stu<ly ti.~ing a last-ohs;cr.·ation~c~uric<l·forward .111~llysis for th1..~ six­
mmurc. w.ilk [t.:St'. Patic ms who d ied W\.'rc .1ssi~nr.::d a v.1Ju c ofO 111. 

All ~rJti.-;ticd \l"Sls l( u· cflic.Ky variahles \\.l"rt• l\\·O-tJill·J, with Jn 
.1lpha level of 0.05. 

Tc, .uu l)'i!C the pri1na11' cffic;h:y end point .. rnd the improvement 
aitl"'r i.1, we used the ~·1.1111d-H.u:nszel fcsr,n .-.:tr.1rifo~d .tcc.ording rn 
rhc rypt.· o l" pulmonar y liypcrtcnsion (pri111:.try o r nnupri111~1ry) Jnd 
N YHA class ( 111 or IV). Patients with missing d:i~J o n the primary 
end point at week 12 were ~unsidcred not ro have h~ld a respo nse. 

Ch:mgcs: in t he. re.suits tlf the six·minun.: w:.lk w..:rc. cv;1]u:ncd 
wirh use of nonpar~unt:rric analysis of \.'.ovari .. mcc stratitit:d accord­
i11g to rht:. type of pu lmonary hypcrrension. (primary o r nonpri­
m.u-y) and the 1"\'Hf\ cbss (Ill or IV}. with use o f the base-line 
,~.,luc ~ls rh..: i;ovJri;1.tc (.111.1lysis of covari~11Kc), ,rnd the 'Vilcoxon 
~i~ncd-rank (est. 

Ch:ulgcs fro m b~\Se lini.: in hcmodynamk v:llucs Wl!rc analyz.c-d 
'vith r-suristics. Th~ im·csrilGllors h.u1 foll a.cccss to the: darn and 
pcrliirmcd rile w.1lys~s ind:pcmkmly of 1hc sr onsor. 

RESULTS 

Base-line demographic an<l hemodvnamic data are 
givrn in 'fable L The mean frequcn..:y o f inh.ilation 
was 7.5 rimes per day. N inety-one pereenr of patients 
received 5.0 µg per inhalation , and 9 percent received 
2.5 µ g, corn::sponding to a median inhaled J ose of 
30 µ,g per day. 
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Primary Efficacy End Point 

l'or the primary end point, we found a significant 
dtcct o f rre:1tment in favor of iloprost ( l'=: 0.007) 
(fiµ: . 1) . The estimated o dds of <ln effrcr in the iJo­
prost gro11p, .is compared with the:: placebo group, 
were 3.97 (95 percent <:ontidcncc intcrv.i l, 1.47 to 
10.73, by the Mantcl- Hacnszcl rest), with no sigaif: 
ieant heterogeneity among t he four subg roups cate­
gorize d according to type of pulmonary hypcrtcn · 
sion a.nd NYHA class at b.1sc line (P =0.79 by the 
Breslo w-Day test ). T he secondary analysis of the pri­
mary end point was a logistic-regression rnodd that 
indud.cd trc;1t ment c1ssignmcnt, Jcmo)?;raphic data, 
,md b.1sc-linc d1ar.1etcristics. Only treatment ,issign­
mcnt ( P =: O.Ol) contributed signil·ica.ntly to the prob­
ability of a rc.~ponsc. 

Secondary End Points 

Six-Minute W11/k Test 

The percentage of patients who had an iJicrease of 
<lt least 10 percent in the distance walked in six min­
un:s at week 12 was slightly, but not sign itica.nrly, 
higher in the iloprost gro11p tl1<1n in the pl.iccbo 
group ( P = 0.06) (Table 2 ). T he type of pulmonary 
hypertension h;1d no significant dlcct on the outcome 
in either group (P = 0 .90). A higher percentage o f 
parienrs in the placebo group th;rn in the iloprost 
group h:id a decrease in the distance walked of at least 
10 percent or did nor complete rhe nudy (Table 2 ) . 

T l1e absolute change in the distance walked in six 
minutes was significantly larger (by 36.4 m ) in the 

lloprost 

P = 0.004 

Base Line 4Wk 8Wk 12 Wk 

Figure 1. Effect of Inhaled Jloprost and Placebo on the Mean (:!:SEJ Change from Base Line in the Dis­
tance Walked in Six Minutes, According to an Intention-to-Treat Ana lysis. 
The P value was obta ined with Wilcoxon's test for two independent samples. 
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INHALED ILOPROST FOR SEVERE PULMONARY HYPERTENSION 

ilnprost group rhan in rhc pbcebo group (P= 0.004) 
( Fig. 1): 58.8 m among those wirh primary pulmo-
1wry hyper rension Jnd 12 111 among those with non­
primary pulmon;uy bypcm :nsion. A parametric analy­
sis of covariance, which induded th<.: ahsohm: v;1luc 
on rhe six-minurc walk rcsr at week 12 as a depcmkm 
v;1ri;1blc and the rre:mnent assignlllent (P = 0.02), t)'pt: 
of pulmonary hypertension (P= 0.06), and disrance 
walked ar base line (P< 0.001) d id n or show a sraris­
ticallv significant imernctio n between treatment and 
type 'of pulmonary hypertension ( P = 0. 09 ). 

NYHA Class 

More p;1tienrs in rhc iloprosr grm1p rhan in the pla­
cebo group had :rn improvement in the severity of 
lic:m fuilurc, as assessed by the NYHA cbss (P = 0.03) 
(Table 2) . T h<.: typ<.: of pulmonary hypcrt<:nsion had 
no dl.cct on rlu: ourwmc in either r;roup (P= 0.39). 
T he pen:cmage ,>f patients with a deterioration in 
:-JYHA dass did nor <lifter significamly betwcrn the 
groups, bur the analysis did lH)t include patients who 
lch: the srud y early owing to death or other reasons. 
A J;1rgcr proporrion o f patienrs in t he placebo group 
rhan in the iloprost group did not cornplct<.: the study 
(Table 2 and Fig. 2). Rcasons indmkd death, d iscon­
tinuation of study rncdicatio n, and w ithdrawal of con-

sent, mosrly owing ro clinkal dercrioration, insutncirnt 
clinical benefit, or both_ 

Hemodynemics and Gas Exchange 

In the placebo ){rnup, Gudiac o utput, systemic ar­
terial oxygen saturation, and mixed venous OXl'gen 
s;1rurat ion decreased significwtly :1frer 12 weeks .ind 
pulmo nary vascular resistance and right atrial pressure 
increased significwcly (Table 3 ). In rhe iloprost group, 
v;1Jucs ;1ss1.:sscd at 12 wtl:kS, before the first morning 
dose of inhaled iloprost, were largely unchanged from 
base tine, whereas values assessed afrer .inhalation 
w<.:rc s·ignificantly decreased (in the case of pulmonary­
artery pressure, pulmon;iry v;ts<.:ular resisc111ce, system­
ic arterial pressure, and systemic arterial oxygen sarn­
ration ) or increJscd (in rhc case of carbon monoxide 
and pulmonary-artery wedg<.: pressure). At thc com­
pletion of the 12-w.:o.:k study, acute ht:modynamic re­
sponsiveness ro inhaled iloprost was equivalent in the 
phic<.:bo group and the iloprost group, rhoug h rhe lat­
tcr group had bt:en <.:xposcd w daily iloprust inhala­
tion for three months (c..larn not shown ). 

Mahler Dyspnea Index 

The me<1n Mahler D yspuea Index transition score 
was signi!icantly better at wcck. 12 in the iluprost 

TABLE 2. fa1H ;Ts '"' 12 W EEK' 0 1' T11E1<Al'Y w r 111 INH.~u;1> IL0 1•1<o:>T 0 1< 1'1.A<.liHU 

m i TJIE NEW YuRK H £.\l<:J i\~SOCIATIO>: ( NYHi\) CIA'~ .. IND T IIE SiX· MINL'TE W AJ.K TE ... r. 

VARl,A8Lf llOPMST GROUP 

rxrrn:-.rr.;; wrn1 r.\Tll!..'\"TS WITJ l 
(IRJ:!iL\RY so:-irru~tAIW 

Pl ',_..tO:>::\R\' rtJl-'10SARl' 

,,IJ l'.Vt lf.:"'1°" 11rrf.R'fF.:N." ION l{Yrf.A.I f:.:-i.:~!ON AU. r'.'\'fll~N"J":i. 

porcontage of patients 

C l1,.t11!',e! in NYHA d.tss 
l nip1 nvc1I by 2 d .).SSC-S 1.0" 1.9 0.0 0.0 
lmprovcll by l d .hs 23.8• 22.6 25.0 12.7 
l.:'ni:ha.n.i::.cd 64.4 66 .0 62.5 65.7 
\\'orsc-11cd 5.9 3 8 8.3 7.8 
Uar-.t missin~ 1.0 1.9 0.() 0.0 
Nom.:omplcrion of snid}' 4 .0 3.S 4.2 13.7 

De.1th 1.0 1.9 o.o 3.9 
Olh(!T 3.0t 1.9 -4.2 9 .S+ 

Cli..1nl!·c in 6 ·111i111ut< w.1lk dist~u1cc 
~ J 0% incrca.ilc 37.6§ '191 25.0 ,, -

--::l.:> 
< 10% iucrea.sc ro <lo~ (frt:rc-dSt 12.6 37.7 U .9 .~2.4 

";;t l 0% dl·etc-.lSc: t .;.9 5 7 22.9 2~.:i 

D.11.1 miili.111~ ;:;_9 7_;.. 4 .2 16.7 
Combined r.:nd poi111 16.~1 20 R 12.5 4 _9 

• 11 0.03 IOr the ..:omparison o f r-.l!Cs o f inlproVcn·,e nl {b)' 0 11C or two ,•J..sscs) with the pla.'.cbl> !?roup. 

t Trc<.Hmcm w.1s Ji..~ontinucJ in ,1ll 1hrc.c p.u icnis. 

tTreanntm ""'~ (Hs( ontinu cd in seven p:.ticms, ,\ntl three p.1tienu wirhctrew rhcir ;;on~cnr. 

§ 1'== 0.06 for the ~ump:1rison with 1he p b ccbo proup. 
11'~0.007 for 1hc comp.\riso11 wirh rhe ~'bcebo group. 

PLACEBO GROUP 

r.,l lE.' '1'" w1T11 
r'PJM .. \ l\Y 

['\ ll..\l0 :-.1,\Ry 

I l ll'f.R"rf,:•h !O N 

0.0 
7.3 

69.I 
10 .9 
0 .0 

12.i 
3.6 
9.1 

.W.9 
20.0 
.l2.7 
) (,.4 

s.;; 

PA1'1i:NTS wrn t 
:-.:o~r1t.1M.;\RJ 

f'\1L\.1U:O-:A;t.'i 

l l\' l' l•.Rll:K"U 1:-. 

().0 

19 .l 
61 .7 

4 .3 
0 .0 

14.9 
4 .3 

1().6 

19 .1 
.tt>.S 
17.U 
17 .0 

4 .3 
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Figure 2. Kaplan-Meier Estirn<1tes of the LikP.lihood of Completin g the 12-Week Study. 

fleasons for not completing the study included death, discontinuation of study medication. and 
withdrawal of consent (see Table 2). 

T ABLE 3 . MEA:--1 (' SD) CHANl; E !'ROM BASE LtNI' IN Ht,MOIW.'IA1'11C VA!.UES 

P l ' RJS(i I 2 VVEl-:1',..;; nr Tr lFR.A.P\' WITll I Nl lAJ.En ILOPROST OR Pr.:\ CERO_,. 

VAR1AllLE PlAcuo G ROUP ILOPROST GROUP 

RFI01U~ .\rn:R 
IN llt\L\TIO:-..l lSHAL/iT!O~ 

me<tn ::. SD 

Pul111011;lry-.1rtcry prl"SSUTl' (mm H~) - 0 .2: 6 .9 -0.1:!:7.3 -~.6 .t9.3T 

r.1nti:1c i llllfll tl (li1c r.'i/ mi11) -0.19 ,-o.:n t + 0.05 •·0.80 + 0.'\;i + l.Jt 

l'ul1no11.1ry ,·,1scul.u res15t.Ulcc ({iyn·sc.:: · l·1n ') - '16::32.? t 9 ::275§ - 239::279T 
Synemic :u·teri:.1 pres.sun! (nun H~) - 0.1:: I 2.4 - 1.i::t12.8 - 4.3:: I 3.6t 
Ri,t.lu .mcri.11 prusurc (mm Ilg) + 1.4 !:4.St I 0.5 !:4.6 - 0.8!:4.6 
l'o bno11J_ry· J.ft l'q' wcdµc: pn:.SSllO: ( llHI\ Ht:·) +0.7=3.() + I .I !:4.7t -'- l.S :t5.3, 
.. \r1r-1i,li rn:ygc;ll .;,;;1111r;uion 1%) - 1.(, • 44~ - 0.4 ' .l.7 - 1.4 ' 3.7t 
,\1i~cd \ 'cnous o~~·~cn S<tnlr .. uiuo r%) - 3.2:t6.7t - l.l .!-7.6 ·I l.8.!-R .• l 

[ l i.:.u'I r-,111.: th1.·;ns/min} -l .2 ~9.5 - 1.R:t 12.4 -2.25 :! 12.6 

• for the ilopros1 )!.roup, brn h prci11hal.i1io11 Jm.i pos1inh,\l,n io11 v,1k1r.:s ,lJ'tcr 12 wcr.:ks .i:rc 4.'.om p<lrcd 
with 1hc ba...-;c. linc \':tlut:s .n s1mly entry. 

tP< 0.001 for the di llt::rcnlX': fro m b:lsc· linc values. 

lP<.0.05 lilr rhr.: difference l"mm b;1se· linc \',th1es. 

§P<.0.01 for t he i:om.p~lrison with the pl.1i.::ebo ~roup. 

1P< 0.01 for tht' difference from LMSi:·linc ,.·.ttues. 

group than in the: placebo group ( dlJ.ngc, + 1.42.:!.: 
2.59 vs. + 0 .30 ± 2.45; P= 0.015). 'The typr:: ofpulmu­
nar)' hypt:rtt:nsion had nu dkct un. this uutcu1m:. 

in the placebo group (Jrupping from 48.6 ± 16.9 tu 

47.4± 21.l, l'= 0.026 by analysis ufcovari<UKt: ). Thr:: 
EuroQul hc:alth-statc: score: impruvc:d from 0.49± 0.28 
to 0.5R.::':0.27 in the iloprost group ~ml was un­
changed in the placebo group (0.56± 0. 29 to 0.56± 
0 .31, l' = O.U by analysis o f rnvariancc). No ne of the 
other measures of the quality o f li!C were sig nificantly 
ditkrcnt between the groups. 

Quality of Life 

Mean scores on the EuroQol visu al-<maloguc scale 
improved sig,nitic.u1tly (from 46.9 ± 15.9 to 52.8::19.1 ) 
in chc iloprost group but wr::re virtually unchanged 
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INHALED ILOPROST FOR SEVERE PULMONARY HYPERTENSION 

Clinical Deterioration and Death 

One patiem died in the ilopro~r g ro up during the 
l2-weck 'Ludy, as compan:d with tour patients in the 
placcbu g,ruup (1'= 0.:'17) ("[1blc 2). Critcri;1 for clin­
ical dctcrior;1tio n were met in 4.9 percent o f patients 
in the iloprost gro up and 8.8 percent of those in the 
placebo group (P = U.41). This ind ic;1tcd that fewer 
pariems either died or deteriorated in the iloprost 
group th<Ul iu the pla..:ebo group ( 4.9 percent vs. 11.8 
percent, P = ll.09 ). The type of pulmonary hyperten­
sion had no effect on the o utcome. During the study 
period, none of the patients received a lung tran splant. 

Safety 

T he total number ofpatiems who had st:rious ad­
verse evems did not ditkr signilicanrly l..H:twecn the 
gruups (13bk 4 ) . R.ighr ventricular foilun: and ede­
ma wen: more th an twice ,\S frequent in the p lacebo 
!;!ro11p as in rhe iluprost group. The Clltal numbt:r of 
syn..:o pal events in each of the two gruups w<1s sim­
ilar (eight in the iloprost group ~111<l five in the pl<i­
cebo group), but rhcse events were more o ti.en con­
sidered serious in rhe iloprost group. Syncope w<is 
not a~sociare<l wilh clinical deterioratio n or prema­
t ure withdrawal from the Sllldy. Syncopal C\'e11ts oc­
curred mun: than two hours alter t he last inhafation 
( ofren afrer an ovc:rnight break), were exercise-induced 
in two patients, were induced by b.ra<lycardia in two 
p:irients (associated with gastroenter itis in one patient 
~md with verapa.mil therapy in the ot her), and resulted 
i.i1 hecid 1rauma in one [.>atient. l:'lushi.ng and jaw pain 
were more cummon in the ilo prost g.ruup, but these 
ad verse effects were mostly transient ~\nd mild and 
were nor co nsidered to be ser ious in ;my patient. 

DISCUSSION 

T he results of this clinical trial demonstrate that 
long-term inhaled administration of aerosolized ilo­
prost, a stable analogue o f prosracvclin, improves a 
clinically important ..:ombined end point consisting 
o f exercise capacity, 'N"YH A class, <llld clinic;1l deteri­
oration in patients with selected forms of pulmonary 
~u:terial hypertension 'md chronic rhromhoemholie 
pulmonary hypertension. Moreover, iloprost improved 
several secondary end points. 

Since intravenous cpoprostenol was shown to im­
prove survival ;unong the most sevcrdy ill p;itients 
with primary pu lmonary h)·perrension , it has heen 
imethical to perform randomized clinical trials among 
patienrs with pulmo nar y hypertension in which sur­
vival is used as an end po int. We chose a combined 
r;nher th;in '' sing le end poinr (e.g., the distance 
walked in six minutes) in order to 1m1ke a more rig­
oro us determination of whether inhaled iloprosr was 
efficacious. Nc<1rly 40 percent o f all patients who were 
treated with iloprost increased their six-minute walk-

ing distance bv Jt least 10 percent. I lowevcr, only half 
'1s m;m.y patients also had improvement in the N YI lA 
cbss; <.:onvcrsdy, not all patients with <lll improvement 
in NY 1:-lA class had <U1 i.Jicrc::asc of.it k ,ut lO percent in 
the: distance walked in six minutes. Thlls, although 
only 17 percent of p<n icnts in the ilo prost group 
reached the co mbined end point, a substantial mun­
ber of the remaining patients met less strict critnia 
for clinical improvement that would warrant continued 
then1py. l?urtJ1ermorc, significantly fewer pacic11ts in 
the ilo prost group th,in in rhc placebo group prema­
turely discontinued rhc study <lS a result of lack of 
etlic;icv or other reasons, suggestinp; that even when 
iloprost therapy docs nor produce substanti<tl improve­
ment, it may staliilizc t h e clinical condition. 

T he me'm inhaled dose o f ilo prost corresponded 
to 0.37 ng per kilogram of body weight per minute, 
which is considerably lower than <ll1 d lective intrave­
nous or su bcutancous dosc:. 2, ix Thus, tarv.etc.d delivery 
of prostanoids ro the pulmonary vasculatu rc by mcan·s 
of iuhab1tio n may substantially reduce t he dru~ re­
quirements. 

T ABLE 4 . INclllt N<'E o r St!U<>lJS n:-m O THER A n v Eic;E E.vl'.NTs. • 

I LO PROST GROUP PLACUO GROUP 
VARIABLE (N=1011 IN=1021 

no. of patients (%1 

Serio us ~k<-"rsc: ~vent 
Any C\it:lll' 28 (27.7) 25 (H5) 
Righi \'<:11trK:11l;u foilure 4 (~.O) 10 \9 .8 ) 

.rnd '-'dem,, 
Syncope 5 ( 5.0 ) 0 
Orhcrt .n ( 32.7) 35 134..l) 

Adverse t:\'~11 1! 
Any ...:"'cnt 91 (90. 1) 90 (89.2 ) 
(n(rrJ:scd cough W (>8.6) 26 ( 25.5) 
I k :adachc 30 (29.7 ) 2U (19.6) 
Fl11shi1lg 17 (16.7) 9 (8.8) 
lnJlm.-nz.a·lih· s.yndromc 14 ( 13 ')) 10 ('J 8 ) 
r c:riplu:rAl C.tlClll;.1 13 ( 12.9 ) 16 ( 15 7) 
N.Ul~ .. 1 13 (12.9) ~ (7.8) 
faw p.Un 12 (11.9) 3 (2.9 ) 
H )•potcnsiun 11 (1 0.9) 6 (5.9 ) 
Di:lrrhe-J 9 (8.9 1 ll (10.8 ) 
Vcrti~o 7 (6 .9 ) ll 110.8 ) 
Syncope s (7.9) 5 (-t.9) 

01 her ~ld\•crsc nents§ 296 177 

,.,·nic mos:r common .idvcrst". c~nrs arc listtd_ 

p 
VAWE 

0.63 
0.16 

O.Q3 
0.88 

o.g2 
0.05 
0 . 11 
0 .001 
0 3'1 
0.69 
0 .26 
0.02 
0.22 
0.81 
0.46 
0.41 

f lltt:s.c: <"Vt'IHS indmkd an ,,g~r;,vJlion r"o;,1c1ion ( JJ1 cv('nr 1.."olusinf: con­
i.:cr11 abo11.1r posslhl.: dercriornric'>11) in four pilric:nc~ in rl1c ilopr<>St ~up JJ~d 
five p.u il.."nts in 1'1.: pl,u:eho g-roup, hypoxcmi.i. i11 rwo p.Hic.-nts in the phtt:~ho 
gru11p, pm;umonia in two pJti1o:111S i111h' i lupru:s1gruup~ 1itdiyc.in1ia in two 
p:nit:ms in the ilopro!ll i roup ,111d one in 1hc pl:.1.ccbo grour. l.1hora10ry­
ll''t .1bmm11~~ l i tic.:S in iwn p =41ie11ts i11 1hc ilo p n.lSt l"-ro11p. d u:sl pJin in two 
p;uit.;11110 i11 c;;id1 group~ :rnd ciy.\pnc.t in two fMlit:lll!i in t«Kh !:tm up. 

:t;D.u.1 wen: .t~.,i l.1blc ft>r lO I p.11 icms i11 1ht: plc14.'.chn ~rCHIJ>. 

~The 11111nbcr is 1hc 1n1al 1rn111hll."r 11f mhcr .1d,•crsc cv~111~. 
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Th~ New E ng bncl Ju urn<1I of Mcdici n..: 

Like other i11vestigarors, we fou nd rhat the benctir 
was greau.:st among parients wirh primary pulmonary 
hypcnension and was similar ro rhat ofcp()prostenul1 
.111d boscntan.29 ,\Jrhoug;h patients wit h nonprimary 
pulmonarr hypertension lud improvement in the 
scores for rhc Ma hler Dyspne<1 Index and quality-of: 
lik measures that were simibr to those achieved in 
patients with primary pulmo nary hypertension, few­
er su.:11 patients reached the c:ombined end point , 
,111d they also had a smaller absolute change in the dis­
tanc:e walked in six minutes. Similar results have been 
o btained with the use o f other drugs for pulmonary 
hypertension, ind11ding epoprostenoJ,30 beraprost ,31 

.md treprostinil. lt< 

Hemodynamic asscssmenrs of prdnlu lation values 
shmvcd that values St'1bilized in the iloprost group, 
whereas they detcriornrc:d in t he placebo gro up. The 
degree of dcterionwion may be umlt.:rcstimarcd , since 
patients who discomi..tured treatment pn:macurclr did 
not u ndergo follow-up hcmodynarnic e.x<lminarion. 
Postinhalarion assessments of hcmodymunie variables 
dcrnonstrared a significam impro\·emenr in the ilo­
prosr. group, as was anricipared on the basis of pre­
vious rcports."'·11-11· 1" Sin<.:c the acute hcmudynamic 
response did nor d i1kr between the groups, it appears 
unlikely rhar tokrancc developed over Lhe 12-week 
course of iloprost m .:armem. During long-term 1r1:<1t-
1111::nr, the patii:nts' hemodynamic: status is sornewhen: 
be-tween preinhabti<Jll and postinh;ibriou values. In 
comparison , (011Linuous intr'1vcnou s therapy may re· 
suit i..t1 a mon: sust·a.incd hcmodynamic: improvt:ment-ll; 
howcver, co1i1 inu o11s inln1vcnu11s thcr:1py also poses 
cunsidcrabk risks, including. relapse alter the inter­
ruption of ther;1py and complications, and is difficult 
co '1dminisrer. 

VVith respect to :idverse events, flushing was more 
common in the iloprost group, but the frequency of 
most of rJ1c other inh,tlarion-assoc iatcd side effects 
wa.s simibr. T here: were more syncop.,l episodes in the 
iloprost group thian in the placebo group (eight vs. 
five ), and these episodes were more frequently defined 
as serious :idvc:rsc events, but they were not ,1ssm:iated 
with clinical deterioration. Since syncope occurred a 
relatively lo ng rime (two to nine hours) afl:cr the bst 
inhalation, the loss of an dfoct of iloprost may have 
caused t·hcse events. However, the same side dfoct 
was observed with boscntan therapy, suggest ing that 
these drugs may have a more pronounced effect on 
blood pressure during exercise. Altcrn,ltivcly, patients 
who had dinic,il im provement with therapy may have 
bcc:ome more physically active, challenging the lim­
its ofrhcir cardiac reserve. We would advise patienrs to 
increase their physical activity graduallv after the ini­
tiatio n o f thcr;ipy for pulmon ary hypertension. 

T he inhalatior1 device t hat we used provided accu­
r.1tc doses ofiloprost . However, it is not b;1ttery-driwn, 

and inhalation commonly requi red 10 rninmcs. Dit: 
t<.:renr i.eclmiques of administering aerosolized iloprost 
result iJ1 similar acute hcmod ynamic dkcts as long 
as identical doses arc dclivrn:d to the respiratory tract 
in a pi!rtidc size suir;ible for alveolar deposition.1• •. i 3 

With other techniques, the duration ofinhafation may 
be shorrened considerably.H 

In conclusio n , this large, placcbo-conrrollcd trial 
demonstrotes tl1c d licacy and satery of inhaled iloprosr 
for the treatment of severe primary pulmomuy hyper­
tension and selected forms of pulmonary ar tcrial and 
chronic thrombocmbolic pulmonary hypertension. 
The advant;1gcs of inrcrminent inhaled therapy over 
intravenous thcr'1py, co upled with the improvement 
in a number of d i.n.ic;J]Jy meaning ful variables, suggest 
t hJt i111halcd iloprost rhcrapy is dkcrive. It may be a 
st1irnblc alrnnative to conrinuous intravenous prosta­
cycl.in, espe..:iailv in patic;:nrs who do nor dc::rnve a ckar 
survival benefit with i..titravcnous therapy. 

S11ppon:cd by Sd1cring, lkrJin. Gc:nn:my. All rhc aLnlmrs. h:we fin~1m.:iJJ 
rdatiomhips \\.ith Sd1l·ring, the sponsor ofrlu: smdr. 111c rehuionships di1: 
fcl' .1111nnt. tlw ~uuhrns aud i11dmlc cmpluyna·m. 1·uusult:.11u.:y .. 1m:111bc~hip 

in the scientilic .1tfrisory bo.1rd. ,md .~uppon fr):- work. .h im-cs1i~,uors. 
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111c llll'.mbers of the AIR s nidy r,roup were ~ls follows: Stc.ert:tlJ C /Jmwirru 

- \Y. S~·~er lt:h.tir}1 N. G.1li~1 1·. Hi~t.:uhou.un, S. Nil::klio, !R. Nacije, M. 
Ol:;:d1C\\'~k.i, L.J. Ruhin, G. Simonu.e:.111; ()rlu r lnvt'1f1J.Jtrtors - l--1. f.:lhl"l .111d 
F.. Spit'kcrkOrrt'r 1 Mnlizi11isthc H udu:dmk , H:..innovcri Ct·n11.111~•); F. 
C ri11uni11 ge1 ;111d R. \Vin kin.11111 ( lJ11i\'l·1~i1r C:link, Gi~.._,_,.n , G~1 111.in)') : J-l. 
Lc11ch1i.:: (Uni\'cr., i1r Cliniie Grof\l1,1tkrn. ,\ hmkh, Gli.'.rni.iny); M. Aq11ilin.t 
( U11inrsi1.i di Bolosn.i. Bolo~11J. haly}~ K. Amsh.t .rnd R. Ljw~on (Royal 
11.111..unshir\: I lospi1at, .Shcflicl.J, Ur1itcd Kini;Jom ): R. Akc11.:k (Fr~cm .. 11 

l lnspil.ll, N.;\\'\'.;\.stlc·upnn-Trnc, Un1t1;\I Kin~._ioml ; A. l'ft""lnc ( linn•cr­
sit;\tskJinik Eppcniiort: H.unburj:., Gcnn.m\•): r. Slh:mer ~ Mc:diztnisd1c 
K.hnik untl Polil tinik linin:.rsi~irsklinik. Lc:.ipti~. Genn~uw); \ .V. Ruch'S {G:1st· 
lmisht:rtt Unh·crsity Cli11i..:. L~m·en~ Rdgium ); P. ~l'il>:mo ~tnd M. L\%.lrO 
(Ho.1piull 12 <I< O"ubr<. M•tlrid); E. Huthall.1 (HC.pit>I Cl:111ckHurioz, 
l .ille. Fr.uu:e); M. Rm.sr (Ludolf..Krch.l· Klinik, Hl."idc:Jbcrt'-· Gcrm:m~'}~ 
C.:0.1. Bl.1.ck ( Roy.tl Fn:c: Hospit;tl, J...mulon): C. lkwo. A. R(•m:in . . uid V. 
Mo,,fortc (Ccntrv S,u1i1·.uio, V,111 d•t kbron, HJrcclouJ, Sp.U11}; A. l'c,1cock 
(\\'est Jnfinu.1ry, Gla.sgO\\', Unit'-·J Kin~dom ): A. Boonstra (At.:01dcmic Hos· 
pim..I. Free lJniYcrsity, A.rnsn.miam1); C. Frncchi.l (Fonti;'zio n..: S.Llvawre 
~fa11~cri, Muntesc.rno. Italv)~ C. Mari11i 1 lstituto d1 Fisiologi:l Clin_ic.1 Con­
.~·~~l!o N,\:1.ion.Uc ddl.. llic<"rcht>, Pisa, JtJ.ly); L. Nicod 1 Hbpit~J Canron;ll 
U11..h:crsit.1ire , Geuev.tJ; J. rcpkc· Z.&hJ ( P.1pworih Ho.;;pir.ll, C.tmbridp.c 
Uui\'crs.ity, C.unbrid~c, Uuin:d Kiu~do111)~ G. Sybrcchr Jurl H. \.Vilkca~ 
( P11 ... ·mnolu~it: Uuiklinik, l Tumhurg, G..:rrn.lll)'); A. Tl)rbid :J t·N.af)on.ll In­
'' i111tt;. ofTubl.'t t.1..1 losi.; .1n' I l.1111µ l)~.,.c;1Sl'.' , W.lr-•,m·', Pol.md t; I~ Oiot I I !i1pi­
t.1I R rclOIUll:.IU, Tours. fr.mcc)~ T. Moi..t er Jm:pit..tl tk Pnlitlo V<1lcn1c. I.is· 
b<)n. l'ortn)l•I): J.L. l'cnn.110r1c (Cc111rc llospi!Jlicr L'11irmiuirc ICllUI 
Rcinu. R11:iins1 l~rJlll'C}; T Perez. .i.ndl E R.idcnnc. (Cl IU Lille, Lille, FrJnrc:); 
C. f>ison (CHU llbpit<'I No ni. (.;n:no b!c. Frl ncc}; l.L. \ 'a..:h.i(ry (H6pita1 
Er.1.srnc. Hrnssds, Rd)t1um}; l'. Halll!rcn ( K.mliolo)!,klinikc11. tiotcbOq!, 
~wedt"IJ); F.-X. Kleber ( Unfa.Ukr~ulkc.a1h.1us. Rcrli.n, <.Jcrnuny)~ L. Pm\·i .. lcnda 
(Hospitais de Unh't."rSi<fadc de Coimbra, Coimbra, Ponu µal); V.R.G. 
Ribeiro {V·~~1 Nov.1 de O.\i.l, Por111~1l}; .\1 . Soler (K.rntnnsspital , R.lSc:l, Swit­
zcrl.m<t}: :m<l H. Stricker (Osp<el:ilc Re~io11.1k di Loc1r110 L.1 Cirir.\, Lo­
c 1rnv , Switicrl.rnJ). 
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EXHIB IT 3 

~; llli.B.r~ Development & A!)Q[OV3l PrOCf.1$$ (Drugs)~ Hqw D1vg'$ am Deyelos>ed aod Apcy oye<J.t Dr\JQ ·l!ld B1o!ogic Al)Orovat and !NO Actiyiw Rl'>QOrts: 

Drugs 
Pr iority NDA and BLA Approvals in 2004 

Priority New Drug Application (NOA) Approvals : 

N NO:;.. Prnprietar yName Establi shed Applicant Chemicol Review A1>ptoval Indi cation 
um r Name Type Classif ication Da(e 

Ar.et~dote is 111d1catea to be 
adrn101stered 11)travenously wlti11n 8 to 

N02J 539 Acetadote ... cetykystcme Ccimberland 
3 P, 0 '3-fon-0410 hours after 1ogestion or a 

Phanns - potenti~lly hepatotoxoc quantity o' 
di.:etan:inophen, to prevent or lessen 
ht;opdtic inJl•ry. 

Alirntd JS: 1ntl1tdt~d 111 ttie tredtrnent of 

:.>ernctre)led 04-Feb- p;it1ents \*i11th mal19nant pleural 
N021462 Alimta 

J1sod1um 
Elt Lilly P, 0 

(l4 
mesothefioma whos~ disease is either 
unrPsectable or who ~1·e otJ1er1r.rise not 
can<i1dMe~ for curative sur9ery. 
Sensipar 1s indicat ed for the treatment 
uf secondary hyperparathvro1tiJsrn 111 

N021688 Sensipar Cinucalc"t Amgen p 08-Mdr- p,1t1e11ts with chrornc k1dnt!y c.!1s~r.s~ 
HyrJrochloridc 04 on d ialysis. and the treatment of 

hyµercdicefl'l.1d i11 1.hlti1:mts w1tt' 
parathyroid c.irciooina. 
Human Secret1n is indicated for ( l) 
Somulaclon of pancreatic secretions, 
indm1ing bicarl>o1>ate, to aid in the 
diagnosis of pancreadc exocrine 
clysfunc~!on, (2) Stirnulation Clf 9astrm 

N021256 Human S.:cret1n 
H:rnnan 

Ch1rhocfm P, 0 09. ,. _04 s.:crel1on to cud if\ the diagnosis of 
Sec..r etill 'pr g;1slrinorua1 <lnd ( 3) Stimulation l)r 

pn1K.re ati( secretions to facilirate ti'~ 
irlentifici1l1on of the ampulla of Vnter 
and accessory pap illa dunrig 
endoscopic retro9race 
d>olan91opancreato9raphy (ERCP). 
Apoi<yn is indicated for the acute, 
inlerrnilt~nt tre~Hrn~nt of 

N0212b4 A1;okyn 
Apornorph1ne 

&rtck p l0-1\ -U'I hypoir'l6bihty, '"orr· ~pisoL1es {"encJ-uf· 
Hyd1od1!011de pr rlose wetH ing off'" dnd unpredicrable 

"on/off" eµisodes) c1ssoc1ated virth 
advanced Parkinson's disease. 
Vitrase is mditated as an adjuvaot to 
Increase the absorption arit1 dispersion 

N021640 Vitr~se 
0 ·1ine lsta p OS·May- of other inje<tc(! drugs; for 
Hyalururndas~ Ph&rms li4 hypo<lermodys1s; .. tnd as an ddjur1ct rn 

sut:cutarn;!Ous uro9rdphy for i11'l~rovi11y 

resorµtion of riidioµaque agents. 
VHlaza 15 1nd1cateC1 for tne treatment 
of patients with the following 
rnyelodysplastic syncirorne subtypes : 
refractory anemia or refractory 

lCJ~Mayw 
anemia ·with ri119ed sideroblasts (if 

N050794 V ;daza )izacitidine Pl1annion P, 0 04 accomparned Uv nieutropenta or 
ttwomt>ocytoP4;!01d and requiring 
transfusions). r'ef1 actory anernia with 
~xce;;;;;s hlasts. t',,fractory .;nerriir. w ith 
~J("ess hlastc:; in transform,;i,tion, and 
chronic myelomoniocyh( leukemia . 
Alin1a is indtr.at:~d for the creatment of 

N02J497 Alin • Nita2o:x'a.n1de RornarK 3 p 21-Ju l-04 diar rhea caused t>y Giar clla Lamblia 1n 
patients 12 years and older . 
Campral is md1Ci'!ted for the 

A.carnpros"te 
maintenance of abstinence from 

NC!2H31 Campral ("t1h:1um L1pl1a p 29-Ju l-04 alcohol in patients w ith alcohol 
dependence who are abstinent at 
tl"eatrnern Initiation. 
Truvada is indicated in cornt>mation 

Erntricitabtne; wi th other antiretrc~iral ~gents (su~h 

NOZl 752 Tr11voda Tenofovir Gilead 
4 p 02··/\uQ- as non-11t1cleoside reverse 

Disoprox tl Suences 04 tc1mscnptase 111h1l:l1tors or prote<ise 
Fu!Tlarate 1nh1b1tors) for the t reatment cf H!\1 - l 

1nfect1on in adults. 
?crit~~tate Ollcium Trisodium is 

N021749 Pentetate Calcium 
Pentetate Pharma 11-Aug- indicated for the trt:?atrnent of internal 
Calcium Ha me In p c<>ntam1nation 1Nith plutonium, Trlsodiurn Tric;odiurn GrnbH 

04 
~mericiurn or c:uril!m to lncrease: the-
frltes of elimination. 
Pentetnte Zinc Tri';;cdnuri is indicated 

Pharma fo,. the tnMtment of internal 

N0.2l ?SJ. re_ntetate Zinc Pen tetate Zinc Hamp In p l1-Au9- c:ontamina tion with plutoni11m, 
Tnsodrl.Hn Tr1sodiurn GnihH 04 ;,mericiurn or ctrnum to rncrt;""l•Se t11~ 

rdtes of o:>liminr;tion . 
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~Ja:rirtex is int11r:atoe<1 for the rehef ('f 
lhi:': na~al and non~ri;.lsal !':.yrnptoms: of 
tJtuenrnat a lle1g1c rhimt1s, ar'!d the 

fll -S~p- ~ymptouiatu: r ehef or µruntus1 

04 redultiun tn Hie number ,,.- hives, ~mu 
~i1e of h1·;i::s. in pdt1enls with chr01'!1C 
1o.t1opa tJHC \1rti1-dnd in children 6 
montf1s to 2 yE-ars u f ''ge. 
~/nno.pJex is 1nd1ellted fer the 
tr~atment of" patients with known or 
s.u~pP.(.t:ed internal contamir1~t1on with 
raC10<1Cthre cesium and/or rad1oar.tive 
1)r r:on-radioactive t l1alhun1 to incr·ease 
th~1r rates or el1111inat1on. 

,\mphaoase is ~nd1catcd olS an ndjlJ'1(11'\t 

to 1ncrcnsc the absorption ilnd 

26_0 f t·04 d1.scecs1on Of Other injected dn19s; for 
ilypodcrmoclvsis; 11nd 1"IS iln adJl1n(.t 1n 
subclltaneous uror,irapnv for 1rnprov1nq 
resorption or r~d1opaque ayents. 
1 c1rCeV1"l IS indic;.ated for the trea tment 

l8·Nuv· ot locally advance<l or rnctasta t1c Non 

04 Small-Cell Lung Cuncer tNSCLC) after 
r~1dure or at least one prior 
chemotherapy rt?91men. 

Ol•D,K· Kdacal is ind1c<1ted for the ti·eatrnent 
of in~ernal contamination with 

04~ 
plutonium. amencmm. or curium. 

t!l-Dec· Kelttzin 1s 1nd1cat e-d for the treatmi:?ot 

04~ 
vf inler11dl tont.~1 mllldtion w ith 
plutonium, arneric.-1u111, or curi um . 

lo· Dec· 
Vis1on Blue is ind1c:ate-d as an aid irl 

04 
ophthalmic sur9~ ry ily stam;n9 the 
Jritenor capsule of the lens. 

l'J'MDet w Macu9en 1s indicated for the treatment 

04 of neov<lscular (w~tJ age-related 
m.'.lcular dcg~nci-at1on. 

17-D«<> 
InvirA5ie is indiccitFd in cnrnhinat ion 
with Other Mtiretroviral ~gents for the 04 treatment of HJV- l :nfectton in adul ts. 
Pnalt is indicated for the management 
•lf sev~re chr ouic pant ul pett1enb. for 

28- !><>c- viJhorn irnrathecdl \CT) t he1t1py IS 

0 '1 
v.·,:;irr~ntPd i:'!nrl wh() are intoft:>rdnt of oc 
refr~cto1·y to other tr-~dt.rnent. such as 
sy5tern ic '-"'nalgesics, ad)unct1ve 
therapies, or TT morphine. 
Clolar- is u·u..lic.at~d for the treatrmml of 

i.B·D<.'C.· pedi\ttri<; patients l to 2 1 y\.lars old 

04 with re-fapserl or refrar.torv (\C.ute 
lfrr'lphcblastic l~uk..emia after dl least 
t'NO pnor regunP.ns. 

29~Doec- Ventavis is md1Cdted for tl1e rreatrnent 
04 of pulmonary arterial hypertension . 

Lyrlca is indicated for the 
30-Dec- m a nagement of ne uropath ic pain 

04 associated with d iabetic 
per ipheral neuropathy. 
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chemoth,,rapy (admin1Stered as a single agent ). 

Avastin is Indicated f or the tirst-iine treatment of patients with metastatic 
carcinoma of the coico and rec.:turn (in con1bmat1on with intr avenous s~ 
f luorouraci I ·based chemotherapy) . 

Tys~bn ;, iml1catt>tl rn the trndtment of patients with relcpslng forms oi multlr.I'' 
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Kep1vance is 1ndlcatecl to decrease the incidence and durauon of sever e oral 
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reqwnng rH:Hn<1toi.."01ettc stem cell supporc. 
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EXHIBIT 4 
f•mmal af lmmral Medicine 2005; 258: 199-215 

JIU'4il 

Current treatment strategies for pulmonary arterial 
hypertension 

S. H. LEE & L. J. RUB IN 
From I.lie Oivi~iu11 of P11 /11101urru aml Criliml Care lvk1lici11e. D<t1~1rt111e11l uf i\11etlid11e. U11iver~i!!I uf Cr11ifornifl. Srm Diego. ur fo/111. CA.. USA 

Abstract. Lee SH. Ru.bin LJ (University of California. 
San Diego. La Jolla. CA. USA). Current treatment 
s1rntcgics for pulmorrnry arterial hypertension 
(Review)./ luleru J\tled 2005: 258: 199-215. 
Pulmonary arterial hypertension (PAH) is a disease 
characterized by an elevation in pulmonar.y arter.y 
pressure that can lead to right ventricular failure 
nn<I 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 
class. haemodynamics. echocardi.ographic parame­
ters and quality of life measures. Since the intro­
duction of continuous intravenous prostacyclin, the 
t.rcfltmcnt armamentariurn of F1pproved dmgs for 

[ntroduction 

Until the introduction uf intravenous (i.v.) epopros­
ten ol in 1YY5, the prognosis of pulmonary a rterial 
hypertension (PAH) was dismal as treatment was 
limited only to supportive measures. The median 
survival was 2.8 years with an estimated 5-ycar 
survival of .34% [l]. Epoprostenol was a therapeutic 
breakthrough that brought new hope to those with 
PAH. However. treatment decisions for PAH were 
relat.ively uncomplica ted as they were nimited to this 
one medication. The situ11tion today is quite diffe r­
ent: the last decade has witnessed considerable 
growth in clinical interest in PAH that has been 
pantlleled by scientific advances in our understanding 

© .WOS Bluckwcl! Publishing Ltd 

PAH has expanded to include prostacyclin ana­
logues with differing routes of atlministration. a 
dual endothelin receptor antagonist. fl nd a phos­
phodiesterase-S inhibitor. Selective endothelin-A 
receptor antagonists have shown promise in clin­
ical trials and arc like ly to be added to the list of 
options. As the number of medications available for 
P AH continues to increase. treatment decisions 
regarding Hrst-line therapy. combination treat­
ments. and add-on strategies are becoming more 
complex. This article reviews the current treat­
ments strategies for PAH and provides guidelines 
for its management. 

Keywords: drug therapy. hypertension. pulmonary. 

of the pathobiology of this disease (Fig. 1 ). Reflecting 
this expansion. the first expert consensus statement 
on primary pulmonary hypertension (PPH) pub­
lished by the American College of Chest Physicians 
in 1993 was a 14-page document l2J. It has now 
evolved into a 92-page updated. evidence-based 
monograph [3]. 

There are now three classes of medications that 
have shown efficacy in the treatment of P AH ; 
prostanoids. endothelin receptor antagonists (ERAs). 
and phosphodiesterase-5 (PDE-5) inhibitors {Fig. 2). 
These medications differ in terms of their pathway 
targets and mechanisms of action. indications for 
use. routes of delivery. and side-effect profiles. The 
challenge lies in integrating the avai lable information 

199 
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Fig. I Number of r>ublished articles per year lisred In PubMed 
under the MeSH nuadin g "nype11ension. pulmonary". nttp:// 
www .pubmed.gov (accessed 415/05). 

into a sound treatment and management plan that 
provides optimal care for patients with P AH. 

Establishing the diagnosis 

The classification scheme for pulmonary hyperten­
sion was recently revised in 2003 at the Third 

World Symposium on Pulmonary Hypertension held 
in Venice and is shown in Table 1. Croup l 
pulmonary hypertension encompasses P 1\H. the 
focus or this review. whilst a variety of secondary 
causes or pulmonary hypertension are grouped into 
groups 2- 5. Effect ive treatment or PAH is dependent 
upon establishing a delinitive 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 .. SJ. Published expert guidelines 
suggest that all patients with suspected Pi\H under­
go formi:!l right heart catheterization (RHC) prior to 
initiation of treatment. RHC provides important 
diagnostic and prognostic information based on a 
thorough characterization or the cardiopulmonary 
system. 

Many secondary ci:luses of pulmonary hyperten­
sion can be most thoroughly investigated by IUIC. 
An elevated pulmonary artery occlusion pressure 
suggests the presence of left-sided heart disease 
caused by systolic or diasto lic dysfunction, or 
v<1lvular hearL disease. Findings or large v-waves 
suggest significant mitral regurgitation. A signili­
cant systolic pressure gradient across the pulmonic 

l'ig. l Targe1s for c urrent. or 
emerging therapies in pulmonary 
arterial hyperte nsion . Three major 
pathways involved in abnomrnl 
proliferation nnd contn1ctiou of the 

smooth muscle cells of the pul­
monary artery in pa lienls l'.1th 
pulmonary a.rkrial hypertension 
are shown. These pathways cor­
respand to important therapeurtc 
targccs for tbe mt.-dica tions u sed to 
tTeat this condit ion: endothclin 
receptor a ntagon ts·ts. phosph odi­
c:;tcrase-5 in hibitor s, a nd prosta­
noids. Plus signs denote an in crease 
in the intracellula.r concentration ; 
minus signs blod<age of a rnceptor. 
inhibition or an enzyme. or a 
decrease in the intracellular 
concentraliun (Reproduced w ith 
pcm1ission from Humbert ' ( o/. 

I LOOI: Copyright 2005 Massachu­
ser.ts Medical Society. All rights 
reserved). 

© 2005 Bl~ckwell Publishing Ltd /ounwl of 111/mrnl 1\frcfid 1w ZS8: 199-215 
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LUlVIEW : TllEIZAPY FOR P ULMONARY HYPEH 'l'ENS JO .:-i 201 

T:oble I Classitica llo n of pul monary hypertension 1Vc111<'c 2003: 
rcvist:d [rom Evian 1998) 

Croup I_ Pulmonary m1L~ry hypt:rtenslon (PAH) 
I. l Idiopathic flPAHl 
l.l Familial (FPAH1 
1.1 Associated Vl~th (APAH) 

1.3.l Collagen vuswlar disease 
1.3.2 ConJ.1enit al sysremic-to-pulmon<iry shunts 
l. 3. 3 PortHI hyperten sion 
1.3.4 HIV infection 
1.3.5 Drugs and toxin s 
I. 3.li Other (t hyroid disorders. glywgcn sto rnge disease. 

Gaucher disease. splcncctomy. hereditary 
h::1en'10rrhn~ic telan~iectasia. haemoglobin(•pathy} 

1.4 AssociakJ wilh sign ificant vc11ous or capillary involverni:nt 
J .-l.1 l'ulrnonary vcno-ocdusive disease 
J .-1.2 Pulmonary CHpillary hacmangiomatosis 

l. 5 Pcr:>isteut pulmownyy liypcrte11.:;ion of lhc newborn 

(;roup 2. Pulmonary hypertension with lcll he<irt disease 
Group 3. Pulmonary hypcrtenslrm ussociutcd with lung disease 

arnt/or hypoxaem ia 
Group 4 . Pulmonary hypcr rcnsion due w chronic thrombotic 

and/or embolic dise<ise 
Group 5. Miscclluncous 1sarcoidosis. hisliucylusis X. 

lymphangiomyomut.osis. compression of pulmo nary 
vessels) 

valve is indicative of pulmon..ic valve stcnosis. 
Sampling of blood to measure oxygen saturation 
from the vena cavae and right heart chambers could 
lead to the diagnosis of an intrncardiac left-to-right 
shunt by demonstrating the presence and location of 
a 'step-up'. 

Echocardiograms alone should not be used to 
dia gnose or monitor the course of PAH. The 
diagnosis of P AH requires documentation of a 
mean pulmonary artery pressure >.25 mmHg at 
rest or >30 mmHg with exercise with a normal 
pulmonary artery occlusion pressure. The echocar­
diogram directly measures neither. and only pro­
vides <in estimate of the right ventricular systolic 
pressure based on the tricuspid regurgitaat velo­
city. This can underestimate or overestimate the 
true pulmonary artery systolic pressure. depending 
on a number of factors. including the quality of 
the echo window obtained and presence or 
absence of pulmonary outllow obstruction. Under­
estimation rnn lead to delays in treatment, whilst 
overestimation may expose patients to incorrect 
diagnoses and unnecessary treatment. Finally. the 
haemodynamic responses to acute vasodilator 
testing cannot be reliably assessed with echocardi­
ography. 

General measures 

Pliysicnl activity 

Although we recommend an acLive lifestyle tha t 
promotes general cardiovascular health. PAf-I 
patients should be counselled ngainst. activities that 
abruptly increase the work of the heart during 
exertion l6J. Patients with mild Pi\H may have only 
minimal symptoms with exertion. whilst those with 
more advanced disease may experience dyspnoea at 
rest. exertional lightheadcdne~s. syncope or chest 
pain. which arc indie<1tiv~ of imp<tired right ventric­
ular performance. Grading of functional capacity in 
PAH is usu<11ly based upon the World Health 
Organization classific<ttion scheme. which is a 
modification of the well-known New York Heart 
Association heart failure functional classification 
syslc m (Table 2). Funct·ional class is an important 
prognostic m<trker and has been used as an end­
point in PJ\B clinical trials. 

Diuretics 

Loop diuretics and potassium-sparing a ldosterone 
inhibitors can be used to control signs and symptoms 

Table 2 World Health Organi1,ation ck1ss ificution of functionul 
status of patients with pulmonary hypertension 

Description 

Patients with pulmon:Jry hypertension in whom 
there is 110 limitaLhm of usual physical activity . 
Ordinary physica l activity does not cause in creased 
dyspnoca. fatigue. chest pain. or syncope. 

H Patients with pulmonary hypertension who have 
mild limitation of usual physical activity. There is no 
discomfort 3t rest. but normal physicul uctivicy 
causes increased dyspnoea. faligue. chest pain. 
or prcsyncope. 

ill .Patients wit.b pulmonary hypertension who h ave 
a marked limitation o f physical activity. There is no 
rliscomf<»rt at rest. but less than ordinnry m; li\;ity 

causes increased dyspnoeu. fatigue. chest pa iD. 
or presyncope. 

IV Patients with pulmon<•ry hypertension who are unable 
t·o perfonn •111y ph ysical activity at rest und who may 
ha,·e signs of right ventricular failure. Dyspnoea 
and/or fr•tigne m~•Y be present at re.st and symptoms 
arc increased by almo st any physica l activity. 

:\daptcd from Rich ct al. I l 01 I. l'rimary pulmonnry hypertension: 
Executive Summary. Evian. Fnmce: World Health Organization. 
1998. 
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of volume overload from right ventricular failure. 
such as hepatic congestion. ascites and lower 
extremity oedema. Diuretics should be used rnu­
liously to avoid precipitous reductions in preload. 

S11J'p/eme11tal oxygen 

Hypoxia is a potent pu lrnonary vasoconstrict.or. 
leading to increased pulmonary arterial pressure 
both acutely and chronically [7]. In patients with 
PAH complicated or caused by chronic hypoxaemia. 
supplemental oxygen can improve hflemodynamics 
by decreasing the mean pulmonary artery pressure 
find increasing the cardiac index. thus decreasing 
rhc calculated pulmonary vascular resistance [8J. A 
relatively high i11cidence of sleep-disordered brea­
thing. in a pattern similar to 1·he Cheyne-Stokes 
respiration pattern seen in congestive heart failure. 
has also been observed in idiopathic pulmonary 
;,irterial hypertension (IPAH) [9J. This nocturnal 
periodic breathing pattern can produce or aggravate 
hypoxaemia and can be markedly improved with 
supplt:mental oxygen. The use of supplemeutal 
oxygen lo maintain arterial oxygen ~aturation 

i.lbove 90% both at rest and with exercise is 
recommended. 

Cardiac (Jlycosides 

The role of cardiac glycosides (e.g. digoxin) in PAH is 
unclear. When administered intravenously to 
patients with LPAH and right ventricular failure. 
there is a modest. but significant. aculc increase in 
cardiac output (3.49- 3.81 L min- 1

) [10). However. 
Jong-term benefits of chronic cardiac glycoside 
administration in PAR have not been reported. 
Well-designed cliuical trials are needed in order lo 
further assess the role of cardiac glycosidcs in the 
management of PAH. 

1l,1ticoag1.1/11Ua11 

Although there have been no prospective. random­
ized. placebo-controlled trials (RCT). evidence from 
several studies suggests that the use or chronic 
anticoagulation in patients with Pi\H improves 
survival f ll- 13 I. Patients with PAH are likely at 
higher risk for thromboembolic complications 
beca use of their decreased activity level. slower 
blood blow. dilated right-sided heart chambers. and 

for. sumc. the pn:scnct: or an implanted central 
cat heter for administering I:' Af I medications. The 
fragile hnemodynmnic state and limited cardiopul­
monary reserve o r patients with Pt\H place them at 
risk for death even fwom a small thrombocmbolism. 
1\nticoagulation may ulso reduce the (Jropensity for 
i11 situ microvascu!ar thrombosis in the distal 
pulmonary arterial circulation that is commonly 
observed pathologically in !:'AH. 

In the absence of contraindications. chronic 
anticoagulation should be a standard component 
of the trentment regimen in patients with PAH. 
11xpcrt guidelines rncommend a goal international 
normC1lized ratio of .l.5 to 2.5 times control [141. 

Specific treatment of PAH 

Calcium cl1m111el /!lockers 

Treatment of PAH with calcium channel blockers 
(CCBs) is reserved for patients who demonstrate 
evidence of ncute vasorP.activity. currently delined as 
a reduction in mean pulmorn:u:y artery pressure 
~ I 0 mmHg to a level that is $ 40 mm Hg. with a 
normal cardiac output during testing with an acute. 
short-ncting vasorlilator such as inhaled nit ric oxide 
or iloprost or i.v. epoprostenol or adenosine [4. lSJ. 
Although the definition or vasoreactivity has chan­
ged somewhat over the years. the underlying 
principle remains the same: only those with signi­
fic<1nt hacrnodynamic reversal of pulmonary hyper­
tension during acute vasodilator lesli11g should be 
ronsidercd candidates for chronic CCB treatment. 
The rationale for this stems l'rorn the thought that 
the primary driving force for PAH in these patients is 
significant reversible vasoconstriction. rather than a 
structural pathological vasculopathy due to chronic 
remodelling changes. 

About 13% of IPt\H patients exhibit acute 
vasoreactivity, and of this group, only half experi­
ence sustained benefit from chronic CCB treatment 
rL6]. The same can roughly be said about patients 
with anorexigen-associated PAH. Therefore. 
although those with acute vC1sorcactivity may 
bi;:ndit. from chronic CCR therapy, a significant 
number of these patients do not. Acute vasoreac­
tivity is unlikely lo be found in patients with other 
forms of Pl\H. and <.tmongst. these. the: likelihood of 
sustained benefit from CCB treatment is exceedingly 
rare [1 7) (Fig. 3). /\ccordingly. CCB therapy has 

© 200~ lllackwell Publishing Lid fmmml of J11[m1nl Mnlid11r 25R: I '19-21 5 

UNITED THERAPEUTICS, EX. 2005 
WATSON LABORATORIES V UNITED THERAPEUTICS, IPR2017-01621 

Page 15 of 92 



REVIEW: THER r\PY FOR PIJLMON 1\RY HYPERTENSION 203 

Type of PAH 

Acute 
vas.oreactorsb 

Long-term responders 
to calcium-channel 
blockers0 

46% (27/57) 

Fig. 3 Breakdown of long-r.erm responders to cak:lum channel blocker (CCB) mono therapy amongst. those who are acutely vasoreactive. by 

type of ?AH (data adoplod frorn Silbon rl 11/. 1.171>. 
''Other includes PAii associated with conaective tissue disease. veno-occlusive disease. pulmonary C<ipillary hacmungiomatosis. human 
1m1111u10dclicicncy vinis. p.•riopnlmonary hypertensio n, familial and congenita l heart defects. 
'"'.4..c:utc vasoreat.:1.ors were ddint'<l l>y a fall in bulh mt:an pul_monary artery pressure <:111U pulmonary vascul.ar r~sistam .. ·c >20°!@. 
•r,,ng-l:crm responders were deHned as those being in functional clas.s I or II after at least 1 year on CCB monotherapy. 

hccn relegated for use only in n handful of patients 
with PAH. 

All patients tre<lled with a CCB should be closely 
l'ollowed for evidence of benefit as those who do nol 
respond have a survival rate that approximates that 
of untreated PAH [12]. This is particularly imporl­
an t as newer and more widely effective therapies 
rhat specifically target the pathogenic processes of 
PAH are now available. Their initiation should not 
be delayed when treatment with CCBs is not proving 
e!Teclive. 

Prostanoids 

Epoproste11ol 

fn 1995. epoprostenol. or prostacyclin (Floliln). 
became the first drug approved by the United States 
Food and Drug Administration (FDA) for the treat­
ment of pulmonary <'lrtery hypertension. Epoproste­
nol is a polem. shorL-acting v;1sodilalor and 
antiproliterative agent whose efficacy and safety 
have been well documented in numerous short and 
long-term clinical trials and observational studies 
[18-22). It is the only medication for P1\H that has 
shown a survival benefit in a randomized clinical 
trial [191. 

Epoprostenol is widely considered to be the most 
potent and etllcacious treatment for PAH. Although 
it !has been most extensively studied in IPAH and 
PAH associated with the sclerodenna spectrum of 
disease. epoprostenol is also useful in PAH associ­
ated with systemic lupus erythematosis [23]. HIV 

infection [24]. portopulmonary hypertension [251. 
and Eisenmenger's syndrome [26]. Epoprostenol is 
indic<lted for use in functional classes ur a nd IV 
PAH. 

The beneficial acute effects of epoprostenol stem 
from its potent vasodilatory and. probably. inotropic 
actions. whilst the long-term effects are likely 
attributable to its antithrombotic properties and 
effects on vascular remodelling [27- 29]. With 
chronic administration. epoprostenol lowers pul­
monary vascular resistance to a level beyond that 
achieved during acute vasodilator testing [30). 
Reports of successful withdrawal of chronic epopr­
ostenol therapy suggest that reversal of the vascul­
opalhic process may be ilchicvable in some patients 
[31J. 

In a long-term follow-up study of patients with 
IPAH treated with epoprostenol. McLaughlin et al. 
observed survival rates of 88%. 76% aJJd 63% at 1. 
2 and 3 years respectively (21]. Tn a similar study. 
Sitbon et ul. n::porled survival rates of 85%. 70% and 
63% (20]. Survival rates in both studies were 
significan tly better than those predicted by the 
National Institutes of Health Primary Pulmonary 
Hypertension (NTH-PPH) Registry equation [I]. 

Of the therapies available for PAH. epoprosltmol is 
the most complex to administer. It requires a portable 
infusion pump for continuous i.v. administration 
through a central catheter because of its short half~life 
(<.'> min) a nd high pH of the diluent. lee packs 
must be used Lo kt:ep the infusate cold as the drug 
is unstable at room temperature. The most 
common side-effects are jaw pain. flushing. headache. 
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diarrhoea aud arlhralgias .. \1lany of these side-cfTccls 
arc dose dependent a nd respon d to conservalive 
measures or decreases in dose. Patien ts are also at 

increased risk for catheter-related complic<1tions s uch 
as infection and lhrombosis. 

Prostacyli11 am1/oque:1 

The complexity of continuous i.v. epoproslcnol 

therapy and it's attendant risks has led to the 
developmen t or stable prostacycl in analogues I.bat 

can be 11dminis tnited by simpler routes. In contrast 

Lo cpoproslenol. the proslacydin a n<ilogues are 
stable at room tempennure And can be diluted in 
physiological saline without inactivation [32]. These 
characteristics a llow them to be delivered by the 
in haled or subcutaneous (s.c.) routes. 

'J'reprosti11il 

Treprostinil is a stable prostacyclin analogue with a 
lrnlf-life of 5 5- ] 1 7 min (3 2]. It can he. administered 
subcutaneously u sing a minipump. similar to that 
used to deliver in sulin. The infusion site is typically 
rotated every few days lo minimize loc<Jl skin 

reactions. 
The therapeutic etlicacy of s.c. treprostinil was 

investigated in a large. 12-week RCT involving 

patients with fun ct ional classes JI- IV IPAH or PAH 
associated with connective tissue disease or con gen­
ital systemic-to-puhnonory shunt [33 ]. The trcpros­

Linil group had a small. bu t signi ficant increase in 
the 6-minute walk lest (6MWT) compared with 
placebo ( + 16 m). The magnitude of effect appeared 

to be dose related. Although effective. the improve­

ment in 6MWT seen with treprost.inil appeared to be 
relatively modest when compared with st udies that 
used epoprosternol [ 19. 20]. fmprovements were nlso 
seen in haemodynamic pararneters and th e Borg 
dyspnoea score. However. deaths and study discon-
1.inuatio11s beca u se of clinicol worsening were not 

signilk antly different between the two treatment 
groups. 

Notably, 8 5% of patients reported pa in at the 
infusion si te and 8 3% had an infusion site reaction . 
leading to discontinuation of the study by 8%. Other 

commonly reported side-effects included headache. 
diarrhoea . nausea and rash . Five patients ( 2%) who 
were receiving treprostinil were transitioned to 
epoprostenol for worsening clinical status. Lon g-term 

daJ.a rro111 a n ope11-labcl cxtc11sioo stuuy has shown 
eontinucd cllicacy of s.c. treprostinil a ft er 24 months 
of therapy [34 I. 

Treproslinil can also be delivered as a con tin u ous 
i.v. infusion. It is dosed similarly lo s.c. rrcprostinil as 
they <u-e bioequivillent at. steady state [35J. Twelve­
month data from a prospective tran sition study of 
i.v. cpoprostenol to i.v. treprostinil has shown it to 
be efTcctive in th is ro .. m IJ6.I. This was accomplished 

Wit hout e\' idcncc ol' deterioration. s u ggesting that 
cpoprostenol's benel~ ls were being maintained by 
tre prostinil. It is import.11nt to note that no RCT 

using i.v. lreprostinil <•s initial treatment has been 
performed. Its e fficacy in th is situatio n is extrapola­
ted from the bioequi valence data 10 s .. c. trcprostinil 
a n d the fact that s.c . treprostinil has been found to 
he effective as an in itial trciltment regimen. fn 
gen eral. experience with i.v. treproslinil is relatively 

limited. 
One advantage of treprostinil over epoprostenol is 

that it does not requ ir e constant cooling as it is 
stable at room temperature. The longer hFJ!f-lifo may 
also theoretically allow unintentional d ose interrup­
tions to be bette r tok:rated than cpoprostenol. which 
has a very short halr-Jife. Tbe s.c. r oute also ofTers 
the advantflgc of 11 less complex: delivery system 
compared with the i..v. route as it does n ot require 
an implanted i.v. catlheter: however. it suffers from a 

higb incidence of skin infusion site complications 
that may limit its usefulness. 'L'r eprostinil is a lso 
bein g investigated ns an inhalation treatment. 

lloprost 

lloprost has been marketed as bot h an i. v. and 

inhaled medica tion. lt is stable at room temperature 
and ambient light a n d has a plasrna hall~life of 
ulmost 30 min [3 7 J. Most of the attention has 
foc used on iloprosl a~ an iuhala tion drug. This route 
allows it to sclecUve ly promote vasodilation in the 
pulmonary artery circulolion whilst minimizing the 

systemic effects commonly associated with i.v. 
prostanoids [38. 39]. The inhaled route a lso pro­
motes drug deposi tio n and selective action to those 
areas that arc we ll ventilated. thereby minimizing 
ventila!ion-perfusion mismatch. Th is m ay be espe­

cially important in patients with PAH who h ave 
underlying parenchymal lung disease. In contrast. 
i.v. prostacyclin increases the shunt fraction in this 
selling [38]. 
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The safety and d licacy of inhaled iloprost was 
studied in a pivotnl 12-week RCT involving 203 
patients with functiona l classes Ill- JV ll'AH or PAH 
associated with a ppe tite suppressants. sclcrodcrma. 
or inoperable chronic thromboembolic pulmonary 
hypertension (/\er()solized Jloprost Randomized. 
1\IH ) [40 j. Those receiving inhaled iloprost showed 
signilican t improvement in the combi11ed primary 
end-point of 6MWT. functiona l class. and ah~cnce of 
clin ical deteriorntion. in addition lo the dyspnoea 
and qua lity of life scores. Notably. this study 
produced positive results for inhaled iloprost despite 
i11c.:ludi11g a signUicau t proportion of class LV 
pa tients. The great.es t benefit on the oMWT occurred 
in those with !Pt\H compared with non-JPt\H and 
the magnitude of change was similar to that seen in 
stu dies using i.v. e poprostenol [191. l\ subgroup 
an alysis of AIR showed no benetit or i111 ha led iloprost 
in those with chronic thrombocrnho lic pulmonnry 
hypertension. 

The inhaled rou te theoretically provides the 
advantage of rn inirnizing systemic side-effecl.s asso­
ciated with infused prostanold therapy. However . 
the incidence of reported adverse events from the 
pivotal s.c. treprosti.nil RC"f [33] and the in haled 
iloprost RCT [40) s hows mixed rcsulls. respect­
ively: headache (2 7% vs. .30%). diarrhoea (25% 
vs. 9%). nausea (22% vs. 13%). j aw pain ll3% 
vs. 12%). vasodilation/ llushing (11% vs. 27%). 
dizziness/vertigo ( 9% vs. 7')(>). an d oedema (9% vs. 
J .3%). As expected. increased cough was a com­
monly reported sidc-ellect in the inhaled iloprost 
study. 

llopros l requires administration six to nine times a 
day. with each inhala tion taking 5- 10 min lhrough 
a special nebulizer device. 

/Jeraprost 

Beraprost is an orally active prostacyclin analogue 
thar has been used in Japan since 199 5 for the 
treatment of PAB [ 41]. It was not until 2002. 
however. that the first RCT of bcrnprost was 
published which shuwed short-term ellicacy in 
improving exercise capacity and symptoms [42]. /\ 
similar, but longer RCT of 12 months dtmttion was 
subsequently performed in the US (43 1. This study 
contirmed the short-term benefits or beraprost seen 
in the previous trial; however, these improvements 
were no longer evident at either 9 or 12 months. 

Therefore. as monothernpy. bcraprost has found 
lilllc use in t·he management of PAH. 

'!'his trial higl11'1ghled the importance of perform­
ing longer-term pivotul PAF-1 drug tria ls to investi­
gate the durability of sho rt-term gains. A prima ry 
end-point measured at L2 weeks. which is not 
uncommon in Lhe publis hed PAH literature. may 
not accurately rellect what ha ppens lu lhat end­
point in t.he long-term. In the case of bc rnprost. 
although it may not be usefu l as rnonotherapy in the 
chronic management of P AH. the prospect o f having 
an orally active prostanoid in the treatrnem arm­
<1me11tarium is appea ling. Further studies may be 
warranted to determine w hether an oral prostanoid 
could be effective as pa rt of a combination treatment 
regimen. Beraprost is cnrrently approved for use 
on ly in Japan. 

Endothelin receptor antagonists 

Since the chi'l racterization of endothelin (iET-1) in 
1988 as a pot.enc. vasoconst.rictor [44]. nurnerons 
lines of scientitic evidence have pointed to a prom­
inent role of ET in the regulation of pu lmonary 
vasomotor tone and possible role i11 vascular 
rernoclcl ling, processes which arc import.a n t in the 
palbogenesis of Pl\H. Antagonism of ET receptors is 
now firmly established as a therapeutic target for 
patients with PAH. 

The endothelins represent. a family or 2 1-amino 
acid proteins derived from vascular endothelial cells 
wilh three known isofonn s in humans. ET-1. ET-2 
a nd ET-3 [4 Sj. All three ·isoforrns arc cha racterized 
by two intramolecula r disulph ide bonds between 
cysteine amino acids at residues 1-15 a n.cl 3- 11. 
h'T-1. the endothelin tha t is though t to play the most 
prominent role in P AH. exerts its actions via two 
receptor subty pes: ET A· which is located on vascular 
smooth musc.:les cells. and ETB. which is found on 
both vascula r smooth muscle cells and vascular 
endothelium [ 46 ]. Activation ofET A by ET-1 leads rn 
poten t vasoconst riction due to an increase in cyto­
solic ca lcium levels via influx of extracellular 
calcium [47, 4 8] a nd releilse o f iutracellular calcium 
stores [49 J. 

The actions of ETB are more complicated. Like 
ET,1. activation of ETB on vascular smooth muscles 
cells leads to vasoconstriction [50j. Furthermore. 
some studies suggest that blockade or both ET,,. and 
ET11 is n ecessary to achieve rnaximfll vasodilation 
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in lbe pulmonary hypertensive state 15 1-53 I. 
Conversely. other studies suggest a protective role 
of ETn in pulmonary hypertension by producing 
nitric oxide and prostacyclin and clearing circula­
ting ET-1 [54- 58J. Therefore. the overall net 
effect of ETri in regulating pulmonary vasomotor 
tone is unclear. There may be theoretical benefit 
in selectively blockiug ETA whilst leaviug ETn 
unopposed. 

Dual endotile/i11 receptor antagonism 

Bosen tan is an oral. nonselective t:RA Un it has proved 
its efficacy for the treatment of PJ\FI in two pivotal 
RCTs 159. 601. The second and larger trial. Bosentan 
Randomized trial of Endothclin Antagonist Therapy 
(BREATHE-1 ). confirmed the benefits of bosentan 
given a l a close or 12 5 mg twice daily in improving the 
61vlWT. Borg dyspnoea index. and func1ional class. 
whil:;L iucrea~i11g Lhc time to clillic.;al worsening [59]. 
The higher dose of 2 50 mg twice daily was associa ted 
with a higher incidence of aminotransferase abnor-
01alities without a significant increase in ellicacy. 
Consistent with a prior study showing a poorer 
prognosis in scleroderma-associated PAH patients 
l 6 I]. a subgroup analysis ofBREATHE-1 showed that 
boseotan increased the 6MWT in those with lPAH. 
whereas it prevented deter ioration in those with 
scleroderma (compared with each group's respective 
placebo arms). 

lt is importa nt to keep in mind that lack of 
absolute improvement in clinical parameters does 
not necessarily equate to treatment failure. The 
main treatment effect may be one of disease stabil­
ization or dccrc<1sing t·hc rate of deterioration rather 
than overt improvement. Whilst this may not be an 
optimal response, bosentan is still clearly exerting a 
beneflcial effect by delaying the time to clinical 
worsening. For this reason. we do not recommend 
withdrawing boscntan therapy once it has been 
started unless clinical deterioration is thought to be 
directly a ttributable to bosentan or there arc into!· 
erable side-effects. 

Long-term extension study da ta with bosentan 
show Kaplan- Meier survival estimates of 96'){" 89% 
and 86% at 1, 2 and 3 yea r.~ respectively rr,21. 'I'he<;e 
arc significantly higher than those predicted by the 
NTH-PPH Registry equation Ll J. J\t 2 years. 70% 
of patients remained on bosentan monotherapy. 
Clearly. the majorit~r of patients experience long-term 

benefits from bosen tan alone: however. there is 
certainly a subset of patients who will require other 
agents as add-on therapy as the diseast:: continues Lo 

progress. 
IData regarding use of bosentan in other forms of 

J>AH are limited. BREATHE-4. a sma!U. prospective. 
noncomparative cohort study of human immuno­
dellciency virus (HI\7)-associated P'AH patients 
showed signilicant improvements in a variety of 
clinical end-points including the 6MWT and Borg 
dyspnoea index. indica ting less dyspnoea despite 
increased walk distance [63]. Bosentan had no 
impact on control of the H1V infection. Additionally. 
despite the fact that several of the patients were co­
infected with either hepatitis B or hepatitis C virus 
and the majority weire receiving potentially hepato­
loxic antiretroviral t.herapy. elevated liver function 
tests were seen only in a minority (12 .5%). 

Studies investigating the use of bosentan in PAH 
associated with Eisenmenger's syndrome 
(BREATHE-5 trial) and functional class If patients 
with PAH (EARLY trial) are ongoing and should 
shed further light into the role of bosentan in these 
conditions. 

The most important adverse effect associated with 
bosentan is hepatocellular injury. Aminotransferase 
elevations at least three times above the upper limit 
of normal occurred in about 5- 10% of patients 
treated with boseotan in the pivotal RCTs [59, 64]. 
Long-term safety data up to 2 years from a Euro­
pean postmarketing surveillance system (TRAX) of 
patients treated with bosentan showed that the 
cumulative incidence of abnormal transaminases 
was about 7% [65). There were no fataJ outcomes 
related to liver injury. 

The likelihood of first aminotrausfera~e elevation 
appears to diminish over time: however. it can 
develop at any time. Therefore. it is important to 
continue monthly monitoring of liver enzymes 
throughout the duration of treatment. If needed. 
most patients can be successfully m an.aged with 
dose reduction or tcmpornry cessation of treatment. 
Guidelines are available in the packaging insert. 
Other commonly reported side-effects include flush­
ing and headache. with a few patients experiencing 
unexplained decreases in haemoglobin concentra­
tion. 

Bosentan i~ a pregnaucy t:ategory X drug. 
Women of childbearing potential must be monit­
ored with pregnancy tests before and regularly 
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during treatmen t with bosentan. In addition. 
wmncn using a hormonally based method of 
co ntraception must use a SCC(lnd form of birth 
control as bosenl<m decreases hormone kveb. 
13osentan should not be co-administered with 
gly buride or cyclosporin because or (l pharmacolo­
gical interaction U1at increases the risk of liver 
enzyme abnormalities. 

Selective E'l',1 receptor l(lltagonism 

Selective nntagonism of the E'l\ receptor has the 
lhcoretical <1dvantage of blocking the deleterious 
vasoconstrictive and vascular smooth muscle prolif­
crati\'C effects mediated through ET,\. whilst main­
Lairiing the vasodilalory and ET-1 clea rance actions 
of ET n. 

The safety and eflicacy of sitaxsentan. an orally 
ac tive. selective E'L'A receptor antagonist. was 
originally shown in a small. open-label pilot study 
I 66 I. This was followed by a larger RCT involving 
functional classes 11- IV PAH pa tients randomized 
lo plact:bo or either ur two sitaxse11tan dosing 
groups (SitAxsentnn to Relieve Impaired Exercise. 
STRIDE- I ) [67]. Patients receiving sitaxsentan had 
:;ig ni.licant improvements in 6MWT. runctional 
class. and hacmodynamic parameters. Unlike the 
studies with bosentan. however. there was no 
difference seen in the time to clinical worsening. A 
small 1-ycar follow-up study showed persistent 
impro\•ement in several clinical paramclcrs com­
pared wlth baseline [68 I. Although potentially 
useful in treatin g PAII. the data to date suggest 
that selecti\•ity for the ETA receptor does not confer 
superior effects in P AH compared with dual i:ecep­
tnr nntagonism. 

'fhe incidence of liver enzyme G1b11unnalities w ith 
sitaxsenta n does not appear to be noticeably rl.iffcr­
cn t from that seen with bosentan. although direct 
comparisons are no t yet available. The dose of 
wa rlarin may need to be decreased as sitaxsentan 
can cause a n increase in the protime international 
normalized ratio. 

Several other s tudies are underway with silaxs­
entan. STRIDE-2 is investigating the s;ifety and 
efficacy of sitaxsentan compared with placebo and 
open-label bosentan. STRlDE-h is studying the use 
of sitaxscntan in pntients who have failed therapy 
with bosentan because of clinical deterioration or 
liver enzyme abnormalities. Ambrisentan. another 

selective ET,1-rcceplor blocker. is cu rren tly in phase 
Il l trials. 

Phosphodiestcrase-5 inhibitors 

Cydic guanosine nwnophosphalc (cGMP) is an 
intrncellular second messenger that is responsible 
ror mediating the vasodilatory activity of nitric oxide 
(69 J. cGMP is rapidly inactivated by PDE-5. a n 
enzyme abundantly fou nd in lung tissue [70). rn the 
pulmonary circulaliou. PDE-5 inhibition promotes 
vascular relaxation by inhibiting the breakdown of 
cGMP. Numerous studies have suggested a beneficial 
effect of sildenafil. a PDE-5 inhibitor. in patients with 
pulmonary hypertension from a variety of causes. 
including interstitial lung disease. throm boembo­
lisrn. and hypoxia f7. 71- 73!. 

A cross-over RCT of patients with PAH showed 
signilicant improvements in exercise duration. car­
diac index. and dyspnoea a nd fa tigue scores with 
sildenafil treatment f 14 I. More recently. the results 
of a 12-week RCT im•olving patients wilth PAH 

vredominautly in functional classes ll-HT (96%) 
were reported in a late-hreaking clinic.il l trials 
session at the American College of Chest Physicia ns' 
meeting in October 2004 (Sildenalil Use in Pulmon­
ary Arterial Hypertension. SUPER-I ). The pooled 
sildenalil dosing groups showed significant improve­
ments in 6MWT und functional clus~. A more 
thorough evaluation and iuterpretation of SUPER-
1 arc not possible until the full results arc published: 
however. the US FDA has already announced 
approval of sildenalil 20 mg three times da ily for 
the treatment of PAH without fu nctional class 
restriction. The regulatory approval process in other 
countries is ongoing. 

Furthel" supporting the:: ellicacy of siltle naliJ i11 
P1\H. preliminary rlata from a 1-year open-label 
extension of SUPER-1 presented at the 2005 Inter­
national Conference of the American Thoracic 
Society (SUPER-2) showed continued benefit of 
silde na fil on 6M.WT <Jnd functional class r74l. in 
addition to survh•al [75]. 

Sildenalil appears to be well tolerated witth he<1d-
11che as the most commonly reported side effect. 
Others include dyspepsia. sinus congestion. epistaxis 
and back pain. No specific laboratory monitoring is 
recommended: however. its use is contraindilcated in 
those taking nitrate medications because or poten­
tiation of hypotensive effects. 1\ summary of the 
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currently approved medications for Pl'll-T is presented 
in Table 3 . 

Treatment decisions 

1\ treatment algorithm for P1\H is presented in 

Fig. 4. All pnlients with PAH should be treated with 
<rnticoagulanls and. if indicated. diuretics. and 
supplemental m.')'gen. For acutely vasoreactive 
patiems with furu:;liu11al dass f to t:arly fII ll'AH or 
Pt\H associated with anorexigen use. an initial 

stra tegy using a CCB is reasonable. Still. Lhese 
patients need to be closely monitored for evidence of 
improvement as up to 50% will not have a beneficial 
lung-krm response and thus have poorer survival. 

Th ose who do not show evidence of ben efit after )-
6 month s of CCB therapy should start treatment 
with a PIJE-5 inhibitor. ERA. or prostanoid. 

Although the most recently published evidence­

based treatme11t algorithms recommend CCB ther­
apy as first -line therapy in all patien ts with PAH 
who are acutely vasoreactivc. many Pxperts are 

re-considerin g whether such a broad management 
strategy is appropriate. For example. it may be 

reasonable to reserve u se of CCBs only to those with 
acutely vasoreacth•e IPAH or PAH ussocialed with 
anorcxigen use, as the incidence of long-term 
response 10 CClB therapy in other forms of PAH is 

exceedingly low lfig. 3 ). For several reasons. strong 
consideratio n sh ould also be given to using a PDE-5 
inh ibitor. ERA or prostanoid instead or a CCR as 
first-line therapy for those in advanced functional 
classes. despite being acutely vasureact.ive. First. 
these patients have little cardiopulmonary reserve 

and may deteriorate quickly if they turn out t.o be 
nonrespunders lo chronic CCB therapy. Secondly. 
numerous proven P1\H-specitic therapies for ad­
vanced functional classes are available. Thkdly. 
there are now less invasive a nd simpler methods to 
deliver th ese effective m edications . Thus. in an era in 
which the n umber of definitive treatment options for 

P/\H are expanding. the role of CCBs is diminishing. 
1:\evertheless. it is still currently recommended 

that acute vasoreactivity testing be performed in fill 

patients with PAH. The presence and magnitude of 
vasoreactivity m ay have some progn ostic implica­

tion, ulthough this is cont.roversi<il [76-78]. 
t\l present, early functional classes of PAH may 

potentially be tr eated with sildenafil or continuously 
administered s.c.li.v. treprostinil. although Lhe latter 
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[ Pulmonary arterial hypertension 

General treatment measures: t1> 

anticoagulant, diuretic, oxygen 

Acute vasoreactlvity 
testing (2) -_ 

+ 

•Bosentan ._. 
• Sildenalil, ' 
• lloprost inh 
• Treprostinil SC/IV . 
•Epopro~tenol IV 

•Bosentan -
•Sildenafil 
•lloprost inh 
•Treprostinil sCJ1v.­
•Epoprost~1101 IV ' · 

rig. -l Treatment algorilhm for pulmonary arleci<tl hypertension. The reconUllcnde<l therapies presented in rhis algorithm have been 
eva luated mainly in those with idiopathic pulmonary arterial hypertension (U'1\HI. or PAH associated witb connective \issue disease or 
;morexlgen use. Extrapolation to other forms of PAH should be made with caurlon. Medications are listed In order of iocreastng inva­
siveness. Co1111try-specinc regulatory agency approval slatus and functional class indications for PAH mcdicatiuus vary. (1) Arn policnts 
should receive treatment with an anticoagulant. IJiuretics and oxygen should be added as necessary. ( 2} A positive acute vasodilator 
response is defined as a fa U in tbc mean pulmonary artery pressure from <:l 0 to S 40 mmHg with a nor mal or increased cardfac output 
when drnlleuged with inhaled nitric oxide. i.v. cpoproslenol or i.v. Hdcnusinc. (3) Consi<.lerntion should be givc11 to using a I' AH-specific 
medication such as a PDE-5 inhibitor. endotbclil1 receptor antagonist !EM). ur prnstanoid as lirst--linc l"r catmcnt instead of a calcium 
cha nnel blocker 1CCUJ in those wtth PJ\H that Is not CPAH or PAH associated with anorexigen use. or In those in an advanced FC gi,·en the 
exceedingly low long-renn response rate to CCB monnl.herapy in the former and poor pt-ol',nosis in the latter. (4) Sustained r~ponse to CCB 
therapy is detined as being in FC I or 11 with nonnal or near-normal hncmodynamics after several months of treatment. 15) The risks and 
bcn.ctits of treatment in early PAH should be considered. (6) first-line therapy for f C lU includes boscntan, epoprosrcnol. inhaled iloprosr. 
sildcn«tiJ. and s.c.li.v. trcprostiniL (7) Most experts rccomm.,nd i.v. cpc.>prostcnol ~"' lirst-linc treahneut fm- unst~blc patients i.u fC fV_ (8) 
RCTs studying udd-on combiJrntion treatment regimens arc underway. 

is rarely used in these instances due to the potential 
serious risks and complications related to its admin­
istration. Given its oral availability. sildenafil is an 
attractive option for early P AH. especially in patients 
who arc class IT. There is actually very little 
inlOrmalion about silcfonalil's eOicacy in rw1clional 

class f pa tients. In ract. only one patient in the 
sildenafi.J SUPER-! trial was [rom this class. Oral 
bosentan is also currently being studied for use in 
functional class lI patients in the EARLY trial. 

P11 tients in functiona l classes Ill and fV pose a 
signilkanl challenge in choosing an initial treatment 
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regimen. For pa tients in class IV. most experts 
recommend first-line treatment with i.v. epoproste-
1101 given the extensive experience with its use. 
prnven d licacy. surviva l bc.:nefil'. a nd rnpidity of 
action. This is consistent with the 1.nost current 
evidence-based treatment algori thms published [1 5. 
79 1. 

For the rest of the patients in class 111 or IV. 
treatment wi th inh<'llccJ iloprost. lreprostinil s.c./i.v .. 
bosentan. a11d sildenafil are available. Because 
direct. prospective comparisons between different 
Pl\H medications a re not available (with the excep­
tion or one study. discussed below). the decision to 
use one lrea imcnt over another in the majority of 
cases will ultimately be influenced by the clinical 
scenario . availi!lbility of medicatio n. prefer red route 
of administration. medication side-effect profile. 
patient preference and providet" experience. Still. 
there are situat ions in which it may be rational to 
use one medica tion over another. 

rnh<1 led iloprost is an attractive option li)r PAH as 
it comes f'ron1 the powerful prnstauoid class of 
medication and administration is noninvasive. Com­
pared with sys temic Lherapies. the inhaled route 
may also particularly be useful in situations in 
which the ventilation- perfusion relationship is sig­
niticantly altered. e .g. Lhose wilh parenc hymal lung 
disease complicating PJ\H associa ted with connect­
ive tissue disease. although more studies are needed 
to investigate th is. The downside to inhaled iloprost 
includes the relatively short d uralion of action 
requiring repeated treatments six lo nine times <• 
day. Additionnlly. long-term clficacy data are not yet 
available. 

fn terms of administration. tre prostinil has some 
advantages over epoprostenol in that it does nol 
have to be continually cooled a nd. at least for the 
subcutaneous form. nn implanted centra l \'enous 
catheter is not required. However. long-term ellkacy 
data for s.c. trcp rostinil are not yet availa ble. As for 
i.v. treprostinil. it has been shown to be effective as a 
transition therapy from i.v. epop rostenol: however. 
darn are not available about its efficacy as initia l 
treatmen t. This must be extrapolated from the 
bioequivalence data to s.c. treprostinil. 

With respect tn hnsentfln. it should be kept in 
mind that t he beneticial effects probably ta ke at least 
8 weeks to manifest. Therefore. bosentan is not 
appropriate for use as monotherapy in unstable class 
TV patients. Additionally. hucmodyna mic evidence 

of r ight heart f'ai lure on initial RHC may help predict 
poor response to bosen ta n and cou ld persuade one 
to use a prustanoid as llrst-linc treatment in tliis 
situ ation 1801. For those in functional class Ill. there 
are data tu suggest that survival estimates up Lo 
3b months arc similar between th<>se initia lly trea­
ted with bosenta n compared with t hose initially 
treated with epoprostenol f81 ]. Using an initial 
trea tment combination of boscntan with epoproste­
nol may provide some additional benefit compared 
with using epoprostenol alone in class HI/ IV patients 
(BREATHE-2 trial) [8 2]. 

Sildenafil's place w ithin the treatrm::nt algorithm 
is most firmly estab lished for functional classes If 
and !Tl as 96% of the patients in the SUPER-1 trial 
were from these classes: however . genera l clinic;il 
experience wi th its use in PAH is still in its infoncy. 
Certainly . for those in whom oral the rapy is being 
considered and/or bosenta n is contraindicated. sil­
den1alil is a viable option. A more thorough evalu­
ation will he possible when the SC'l'RR-1 results arc 
published. Additiom11ly. more complete follow-up 
da ta from SUPER-2 are needed regarding its long­
term ellieacy. In lhis respect. at least in comparison 
with the on ly other ora l therapy available for PAH. 
bosentan may have a n udvantage as data regarding 
3-year survival and need for add-on therapy are 
already available [62). ft is unknown whether the 
difference in dosing frequency betwe en bosenlan 
(twice daily) and siklenafil (three times daily) could 
potentially affect treatmen t compliance. 

Keeping these factors in mind. one small. double­
blind RCT has already been published investigating 
the ellkacy of bosentan versus siJdenaJil over a 16-
week period in patients with class UI n ,Afl or PJ\H 
associated wilh connective tissue [ 83 ]. One patient 
in the sildenalil group died unexpectedly. W hen 
analysed by intention-to-treat. there were no signi­
ficant differences between t he treatment groups with 
respect to changes ilil right ventricle m ass. 6MWT. 
echocardiographic parameters. brain natriuretic 
pep tide, or Borg dyspnoea index . 

Combination/ add-on therapy 

IJnfortunately, nnl everyone responds to the initia l 
drug treatment regim en chosen. The addition of a 
second PAR drug may be reasonable for pa tients 
who deteriorate or have a su boptimal response to 
monotherapy. Potential candidates include those 
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with worsening symptoms or deteriorating exercise 
C(lpacity. functional clnss. or hacrnodynamics. In 
those initially treated with epoprostenol. persistence 
of an advanced f'unctiooal c lass or lack of improve­
ment in certain baemodynamic pa rameters at 
follow-up µortend a poor prognosis [20. 62. 841. 
These arc also appropriate candidates for combina­
tion drug therapy. 

An approiich that uses a combination of drugs 
tha t targets different pathways has been sucr.;essfully 
employed in systemi.c hypertension and congestive 
henrt fu ilure. and a similar strategy in Pi\H may 
incn:ctsc ellie<1cy whilst m111m11zL11g toxicity. 
1\l though prostanoirls. ERAs and PDE-5 inhibitors 
work through different in tracellular pathways. there 
may be important interactions between them. For 
example. the stable prostncyclin amllogue cicaprost 
inhibits the release of ET-1 from pulmonary artery 
smooth muscle cells. whilst· rhe an.lipro lifcrmivc 
effects or cicaprosl arc al!enualed by ET· l l32. 85]. 
Similarly. PDE-5 inhibitors increase the in tracellular 
levels of cyclic adenosine monophosphate. a medi­
al.or lor the cardiovascular effects of prostanoids 
[32 ]. 

f\ hamlful or case series and observational cohort 
studies prelimin11rily have shown promising results 
using various combinations ol' sequential add-on 
therapy including prostanoids + sildena!il [73. 86. 
87]. prostanoids + bosentan [88]. and bosen­
tan + sildenatil [89 I. However. rigorous HC'J's. sev­
eral of which are mrrently ongoing. il rc needed to 
clari!}• delinilively the proper timing and appropria te 
combination of drugs to nse [90]. 

Switching therapies 

Transitioning therapies has been made possible with 
the ava ilability of less invasive and more conven ient 
treatment options. The conr.;epl of transitioning 
therapy is one of' de-evolution: going from a more 
invasive and complex treatment to on e that is less 
invasive and simpler. This should be accomplished 
without clinical deterioration. Prelimin ary data sug­
gest thal Lransitioning patients from chronic i. v. 
cpoprostenol to i.v. lreprostinil [36] or s.c. trcpros­
tinil [9 l J can be carried out safely and without 
clinical deterioration. For patients who have made 
adequate improvement with epoprosten ol or trepros­
tinil. transitioning to oral therapies such as an ERA 
or PDE-5 inhibitor may also he po.~sihlc. /\s there arc 

no guidelines available ror the selection or candidates 
for t ransitioning therarics. the timing. or rhe choice 
or agents. these decisions should be resei!'ved for 
highly exper ienced physicians. 

Lung or heart-lung transplantation 

Lung or heart-lung transplautatio11 for PAH remains 
the treatment of last resort when medical therapy 
has failed. Atrial septostomy can be used as a bridge 
to t ransplantation in patients with refracto ry right 
heart failure or as an alterna tive when tra nsplan­
t<•lion is not. a viable option. Septostomy is a h igh­
risk procedure that should only be performed in 
centres with expertise [92]. 

Between January 1995 and June 2002. the 
Registry of the Internationa l Society for Heart nnd 
Lung Transplantation reported that 42 7 lung trans­
plants were performed around the world fo r IP/\H 
1931. The majorily were bilateral lung transplants 
(85%). Compared with other conditions for which 
lransplant:ition was pp,rformed. those wHh TPAH 
had the highest risk of death within the first year of 
transplantation. However. for those who survived 
the tirst year . the prognosis improved co11siderably 
compared with the out.come of orhcr recipient. 
groups. The median survival after transpla ntation 
for IPAll was 4 years. 

We recommend considering transplantation for 
PAH pa t ients in class 111 or lV who a rc deteriorating 
on medico] therapy (92]. For those being treated 
wi th epoproslenol. the presence of right-sided heart 
fa ilure. persistence of NYH/\ functiona l classes 111-
fV. or the absence of a signilicant fall in total 
pulmonary resistance >JO% rela tive to baseline 
after 3 months of therapy is nssocia ted with poor 
survival and may be useful in the consideration and 
timing of tnmsplantntion (20]. 

Monitoring treatment 

Pulmonary arterial hypertension is a progressive 
disease for which no single therapy may suffice. 
Accordingly. ongoing and methodic monito ring 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 <1s functional class and 6MWT. Decisions 
regarding close changes or add-on therapy depend 
on subject ive and objective criteria. [n general. our 

© 2005 lllackwell Publisrning Lid /oumal of l11tm1al Mrdici11e 2 58: 199-215 

UNITED THERAPEUTICS, EX. 2005 
WATSON LABORATORIES V UNITED THERAPEUTICS, IPR2017-01621 

Page 24 of 92 



2 L2 S.H.LEE&L. fR UBfN 

goal is 1·0 improve the oMWT to >380 m ;:ind 
1·unctional class to l/ U whilst on treafmenl. given 
their prognostic signilicauce 1201. In instances when 
add-on therapy is being considered or the haemo­
dynamic status is unclear. we perform repeal RHC. 
Echocardiogrnphy can also noninvasively provide 
useful measurements that have prognostic signill­
cance IY4- YYI. 

Conclusions 

Until quile recently. PAH was a 11 unlreatablc 
condition that invariably progressed to premature 
death. Whilst i. v. epoprostenol. the lirst medication 
intro<luce<l specitically for PAH, is still widely con­
sidered the 'gold standa rd' of therapy. newly studied 
prostacyclin analogues. ERAs and PDE-5 inhibitors 
provide alternative means of treatment that nre less 
complex yet still ellicacious for many patients with 
PAH. 

Each advance. however. raises new questions 
about first-line treatment strategies and proper use 
of combination regimens. Certainly. trcatmcnl flnd 
management decisions are becoming increasingly 
complex. Referral of PAH patients to centres that 
have physicians a nd clinical support staff with 
particular expert ise in managing patients with 
P/\fl may be necessary. Tn the meantime. as more 
data become available . the treatment a lgorithm will 
continue to el!olve to optimize the evidence-based 
decision-making process. 
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iNOICATION 

What is VENTAVIS? 

VENTAVIS is a prescription medicine used to treat adu lts with certa in 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 for a short time by lowering your blood 
pressure and opening up the blood vessels in your lungs. 

The study showing VENT AVIS 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%). 

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

Please see accompanying full Prescribing Information and Patient 
Information, and Important Safety Information on pages 3 and 4. 
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VEi I • . ~IS® {iloprost) Inhalation Solution 
lNUICAnON 

What is VENTAVIS? 

VENTAVIS is a prescription medicine used to treat adults with certain kinds of severe pulmonary 
arterial hypertension.(PAH); a c·ond ition.inwhich blood pressure is too high in the blo0.d vessels between 
the heart and the lungs. VENTAVIS may improve your ability to exercise and your symptoms for a short 
time b'y lowering your blood pressure and opening up the blood vessels iA 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 trssue diseases (23%). 

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

IMPORTANT SAfETY INFORMATION 

Wbatshou!d I tell my doctot before taking VENTAVIS? 
-~ ' ' '· .... ,. , .. _., ...... ,., --- . . .. . . . ., - . . . : 
VENTAVIS may not be righl for you. Before taking VENTAVIS, tell your doctor about all of your medical 
.conditions, including if you: 

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

, • ar·e ·pregnant, ·or plan to beccime pregnant It is not kn9wn if VENTAVIS can harm your unborn baby. 
VENTAVIS should only be used during pregnancy if the benefit to you is worth the possible risk to your ha by. 

• are breast-feedi_ng. It is not known if VENTAVIS passes into your breast milk. You and your doctor 
,. snould dec.ide 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. VENT AVIS may affect the 
way other medicines work, and other medicines may affect 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 medicirws and show it to your doctor and pharmacist 
when you get a new medicine. 

''"How should I iake VENTAViS? 

• Take VENTAVIS exactly as your doctor tells you to take it. Your doctor may change your 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 skin or 
eyes with water right away, 

Please see accompanying full Prescribing information and Patient Information 
Please see the f mpoitant Safety Information continued on the next page. 
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lMPORTANT SAFETY ir~fORMATit)N icontinued) 

• Do not allow other people to he exposed to VENTAVIS while you are breathing it, especially 
ba,bies and pregnant women. 

• If you take too much VENTAVIS, y~u m·ay have a headache, red face, dizziness, .nausea, .. 
vomiting and diarrhea: If.this happens stop. taking VENTAVIS. If your symptoms do not go 
away, call your doctor or get emergency help right away . 

• W.~at,are ~ha.possibfe side effects of i!ENi:AVIS,? 

VENTAVIS may cause side effects, including feeling dizzy, l ightheaded and faint. ft you have 
- ariy of these side effects, you should stand up slowfy when'you getriuf 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 machines if dizziness or fainting from low blood . 
pressure is a problem fOr you. 

You may have trouble br.eathing after taking VENTAVIS because it may cause the muscles 
aroun~ y.our.airway to tighte~ (bronchospasm}. Get eme~gency help right away if y~u 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 v.our mouth 

Talk to your docior if you have any side· effect that bothers you or that does not g!J' away. 

These are not ali the possible·side effects of VEN TAVIS. For more information, ask your 
doctor or pharmacist.-

C11I f your doctod or medical advice about side effects .. You may report side effects to the"' · 
FDA at t-800-FOA-1088: ·, · . 

Please see accompanying tuft 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. VENTAVIS is an 
inhaled therapy that can be given alone to help patients walk farther and breathe 
easierwith d~ily activitjes. " 

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 inhaled PAH the'fapywhich has shown that patients have clinical 
improvement withtreatment~detined 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 vvho felt short of 

Improve functional class 

-~ ~ ··· '<) ¢ I 
t t:Jreath. (even when :;;itting still) found 

thattheywere able to be more active. I 
21% of J)il!ieo1ts ""•tod willl VfNTA~IS improvod !heir NYHA t:. 

lttnctiaul cl HS compared to !'1!11 c.f paliemt Mt tali:ing VENTllVtS 

Increased t!leir ability to exercise*1 
• 

0Afso, patients were able to walk 
farther in a timed test. 

Patients wno took VENTAVIS were 
able to walk farther by at least 10% 
in a 6-minute walk test On average, 
patients who took VENTAVIS could 
walk 40 meters farther than those 
who did not take VENTAVIS. 

Experienced less worsening of 
PAH symptoms' 
• VENTAVIS decreased the worsening 

0:f, P~fi ~ymptoms. 

PAH is a progressive disease, which 
means it tends to get worse if not 
treated. Many patients who took 
VENTAVIS had l.essworsening of PAH. 

It is important to remember that each 
person responds differently to therapy. 

Increase in abil ity to exercise 
(6-mir1u:!f wi11f¥f 

~ 
• 

12wnb (} 

Keep PAH from getting w orse 

ln 12 weeks. only 4% of po1ia11ts 1rea1ed wilb VENTAVlS 
901 wor.ie compared Ill 13".k of patients not laking VENTAVIS • 

*In a study of 146 patients with NYHA Class Ill or IV PAH, researchers compared 2 g~oups 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 many patients taking VENTAVIS: 
had clinic al improvement compared to those who took placebo during the study (19% vs 4%1.' 

II 
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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 Pathways is 
your one point of contact for access to VENTAVIS, answers 
to questions about filling your prescription, and help in 
coordinating with vour doctor, insurance company,. and 
specialty pharmacy to find out whether you have coverage 
for your medi_cine. , . ", ' . 

Here's how it happens .. . 

Your healthcare providerwill send 
your prescription form directly to 

1 
, Actelion Pathways. An Actelion Patient 

. Services Counselor will coordina~e with 
your doctor, insurance.company, and 
specialty pharmacy to fjnd out whether . 
you tiave coverage for your rnedidne.· .. 

"'"'---.. ,~~-.... . .. • . ~· 
........... -.....,;.,,.,,...,.~~,,..,,,.><I- " .. ~ 

Then, Actelion Pathways will work 
with the specialty pharmacy to hetp 
you get your prescription filled as 
soon as possible. 

~-~ 

Your specialty pharmacy contacts you 

6 Please see accompanying full Prescribing Information and Patient Information. 
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Actelion Pathways is with you on your journey, 
. · . 

When your.VENTAVIS prescription is written, it goes to 
Actelion,. A.VENTAVl.S prescription. can1Jot be filled at your 
neighborhood pharmacy. It must be dispensed through a 
spec ialty pharmacy that is part of the VENTAVIS network. 

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

Services Counselors will help in coordinating with your 
doctor, insurance company, and specialty pharmacy to find 
out whether you have coverage for your medicine. 

If you have any questions about the services and 
support offered by Actelion, call toll-free, 1-866-ACTELION 
(1-866-228-3546) Monday through Friday, 12 PM-8 PM (ET)/ 
9 AM~5 PM f PT) . . 

Pf ease see pages 3 and 4 for .Important Safety Information. 

II 
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How is VENTAVIS taken? 
VENTAVIS is inhaled through a special system called 
the 1-neb® AAO® System, which is compact, portable, 
and ffghtweight. The 1-nebAAO System is small~ 
about the size of a box of kitchen matches- and it 
has an internal rechargeable battery like a cell phone, 
so you can take youcmedicafton almost anywhere . " . 
at any time. VENTAVIS should be inhaled as your 

· doctor prescribes, usually 6~9 ttmes 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 vou use it It releases the medicine las a mist) 
only when you breathe in. This device was designed to 
deliver the right amount of medication.1 

• "Aerosol'.'~meaos fine mist", 

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

.. . Ca~ I take VENTAVIS only with the· 1-ne~ _A~O System? 
VEN'rAvt's must be taken with the 1-neb AAO System bec·ause it 

· is the only $ystern approved by the FOA an~ available for use: 
with VE'NTAVIS.' This special handheld system turns VENTAVIS 
liquid medicine into.a fine mist {Or"aerasol") thatyo9 breathe 

· · in. Its.advanced technology provides direct-to-lung delivery 
of VENTAVIS, . 

Please see accompanying full Prescribing Information and Patient Information. 
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A high-tech handheld system 
The f-neb AAD System has been developed with high-tech features 
so that it: . 

• Adjusts to fit your breath.ing pattern each time· you use 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 sum dosing is accurate every time you take VENTAVfS 

• Records treatment information to help your doctor follow your progress 

-Handy carrying case· . 
The 1-nebAAD System is compact, 
portable, and comes with a 
convenient over-the-shoulder 
carrying case, making your 
treatments accessible and easy 
when you're on the go. 

Learning how to use 
the 1-neb AAD System 
After you receive your VENTAVfS prescription and 1-neb AAD System from 
your specialty pharmacy, they will schedule a meeting between you and a 
VENTAVIS-frained 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 treatments, and how to use and clean the 1-neb AAD System: 

• Each treatment should take about 4-10 minuJes. 

• ff you notice that your treatments are starting to take longer than Lisuaf, 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 (1-866-228-3546) Monday through Friday, 12 PM-8 PM (ET}/ · 
9 AM-5 PM (PT). 

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

II 

Please see pages 3 and 4 for Important Safety Information. 
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Help when you start 

A VENTAVlS-trained nurse educator from your specialty pharmacy 
,wi)I be with you t.Q help you get s.tarted on VENTAVIS® (iloprostL 
Jnhalatfon Solution. The nurse educator will show you, step-by-step, 
tiow to use and clean your 1-neb AAQ System. You will also get a 
more detailed instruction booklet 

. Vour 1-nebAAD System2 
~' '' • <;-.' ~ .• -· 

· Mobility and portability. That's 
· what you get with toe 1-neb 
. AAD System. You can take the 
· 1-neb AAD System with you for 
treatments almost anywhere 
at anytime~ -~-- Chamber Lid 

The l-neb AAD System comes with 
- two ccinvenie'nt carrying cases for 

ynur chamber lids with mesh. 

For full details on how to use 
the 1-nebAAO System, see the 
user manual that accompanies. 
your device. 

*usually 6. to9 times a day but_ no mor.~ than.on~e every 2 hours.1 
' ' . . ' . 

. ··~ 

With Mesh 

Pf ease 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 l·neb 
AAD System, when fully charged, will last 
for up to 40 treatments before recharging 
is needed. 

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

• After removing the medication iid, put the 
dosing guide over the medication chamber. 
Use.the pipette to draw VENTAVIS out of the 
ampule. Carefully squeeze the liquid into the 
medication chamber. 

• Replace the lid, cover the latch, and attach 
_t~e mo1;1tf1pi,ece . . 

If you have a:ny questions about VENTAVIS or the l-neb AAD System, help 
· is just a phone caH away~ Contact Actelion Patient Services at 
1-866-ACTELION 11-866-228-3546) Monday through Friday, 12 PM-8 PM (ET)! 
9 AM-5 PM (PT). Or call your specialty pharmacy. 

Please' see pages 3 and 4 for fmportant Safety Information. 
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Learn the AB Cs-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. 

Hgldingtjie 1-l]eQAAO Systell] atthe right . 
artgle ensures the best drug delivery. 

·; . Sit in a c 'omfortable, liprighf position. 

• ~lold the 1-neb AAD System at a .., 
90-degree angle to your mouth; lik~ you 
would when eating a hamburger;. resting 
your elbows on the table while holding 
your 1-neb AAD System makes it easy. 

• The 1-neb AAO System will remind you 
with 4 short beeps' if you are not holding ·, 
it at a 90-degree angle. 

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

~ :;.. ; ~ ' . . " ~ .. ,, . . . ~ ,,_, \ 

~- Practic~ your}\BCs every day0 . · 
12:: ~ > , - - -" • ' • 

· Please see accompanying full Prescribing Information and Patient Information 
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: reathing! 
·Proper breathing is the single most 
important pa~rt of your treatment · ~ 

Keep yo'ur lips closed around the 1-neb AAO 
System mouthpiece as you breathe in and out 

- ··· -
• Breathe in and out through your mouth, 

·"·notyour nose.' ·-

• The 1-neb AAO System will take the first 
3 breaths in and outto adapt to your own 
breathing pattern. As you begin your 
4'1' breath in, VENT.A.VIS witi 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 outin a slow and steady manner 

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

'·· The longeF:you ·can-breathe in;· the more VENT AVIS is delivered 
and your treatment times may decrease. 

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

(!Jieaning: 
KeE!plng your .1-neb AAD 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 ,l_~neb_AAP Sy?tem'.'. section for more details on cleaning. 

Please see pages 3 and 4 for Jmpol1ant Safety Information. 13 
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To. keep your 1-neb® AAD® System in the best working condition, 
clean it once a day and boil it weekly. 

1. Startin_g the dav 
• Load the blue case with 6 clean, dry chamber lids with mesh-. 

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

• Fill the orange case with distilled water and secure the lid..:..:. ·· · · · 
the orange.case is now ready to ~tore up to 6 used chamber Hds 
with mesh. · 

-· Fill orange ca$e with distilled water and 
secure the lid. 

~ During the day . 
• Remove a chamber lid with mesh fronrthe blue carrying case 

and place it (!n top of the 1-neb AAO System medication chamber. 
Close the latch and attach the mouthpiece. 

• Take your VENTAVIS® (iloprost) Inhalation Solution treatment. 

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

• .Repeat the steps a.bove !'Jach tir:ne you take a·VENTAVIS,treat;,,ent. 

Ptease ~ee accompanying full Prescriliing Information and Patient Information. 
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3. Ending the day 
• When yom orange case is .filled with 

.used chamber lids with mesh from, 
the day's treatments, you'. re ready for 
once·-daily cleaning. · 

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

• Place the mouthpiece, medication 
chamber, chamber lids with mesh, and 
dr~g r;juide 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 reuse the distilled water). 

··'"'·'"'• ' Sh'ake 6tfthewaten 1nd.tneri air dry the 
pieces for 2 hours before using again. 

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

NQte: If you want,, you can wash each chamber lid wit.h 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®, Ultra Dawn:!>, Palmolive® Original, Method® Go Nak1ed 

··· • Dish Soap,'anifSeventh Generatiori® Free & Clear Natural Dish Liq(iid. Only one · 
drop is needed per cleaning. 

Please see pages 3 and 4 for-tmporta.nt Safety Information. 
. ~,..;, .. ' ~··· ' \ ·'-

II 
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Why cleaning.With distilled water is so important 

Your J-neb© AAD® System contains chamber lids with 
mesh that has very tiny holes. Tap water contains minerals 
that'canjluild up and collect on th.e mesh over time. Each 
chamber lid has over 5000 holes smaller than a human 
hair. If the chamber 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 your treatments. · · 

. - . . , ... ,. 

It is important to use ONLY 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 MD System 
and to helping you manage your VENTAVIS® Oloprost) 
Inhalation Solution treatments. 

~: t; 3t:,"\,-;., < • '°'~,\' i: ,~ /:~-.~:·:·'..: ' ;c. • 

.:. · Once:-V\(eel<ly» Cleannig!,•c··· · 
, ~ -.... ~ , 

W,~ekly boiling 
• Put all of the parts in the cleaning basket 

!do not boil the main body). 

.... ~ ,. -,, .... . . . 

• Boil for 6-10 minutes:--do not microwave since some of the parts are 'metal 
{also, do-not wash in the dishwasher as this may damage the parts). "· 

• Rinse with distilled water. 

• Shake off the water <ind then allow to air dry • 

. · f~ Tip:·Keep all of your supplies together to make it as easy as possible . ., ·. · 

Jf you haye any questions about the use, care, and cleaning of your 1-neb . 
AAO SysJem, just call Actelion Patient Services, toll-free, at 1..Jl66-ACTELION 

~ : : · (r~866-228-3546). Monday through Friday, l2 PM-8 PM (ET)/9 AM-5 PM (PT). 
· Or call your specialty pharmacy. 

Please see accompanying full Prescribing Information ai1d Patient Information. 
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! -·---- ----
You will start with this dose, I 

1 which uses the red-latched i 
l medication chamber. _J 

---------:...:..:,;;~ 

lftolerated 

Nearly all patients transition to 1 
· this dose, which uses the purple- I 
l latched medication chamber. j 
- ... -.... ~~:~.~~~-. -~ ~ -

r----------------------. 

1

1 If you are experiencing long ' 
treatment times, your doctor 

! may transition you to this dosing 
l option, which may decrease 
! . I your treatment time. i ____ __ . ______ J 

Take your VENTAVlS treatments as prescribed by your doctor. FDA-recommended dosing i:s 
6~, tim.es each day._at least 2 hour.s. apart, or as prescribed by your doctor. 

VENTAVIS 20 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 W mcg/ml ampule with the purple- or red-latched 
medication chambers. 

Please see pages 3 and 4 for Important Safety Information. 

II 
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Acielioii Patllways"" 
Your VENTAVIS prescription comes with 
support from· Actelion Pathways . 

. A dedicated support te~rn 

Actelion Patient Services p_r~vides a 
dedicated t eam of Registered Nurses and:. 
Respiratory Therapists who are available to . ., 
answer your questions about VENTAVIS or 
the t-neb~-AAD® System, induding: · -- -

• Use of the 1-neb AAO System 

• Cleaning and maintenance of the 1-neb 
AAO Systerrr 

If you woulcf like to enroll in Actelion Pathways, 
you will receive information updates from 
Actelion Pathways about changes or improvements 
in the l ~neb AAO System or new or expanded 
information about treatment with VENTAVIS, 

lfyou nave any question·s .ab_ out VENTAVrs· or the 1-neb AAO'Svstem, 
call Actelio'n Patient Services at 1-866-ACTELION (1 -866-228-3546), 
Monday through Friday, 12 PM-8 PM !ET)/9 AM-5 PM (PT). 

Please see accompanying fulf Prescribing Information 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, VENTAVJS, and your 1-neb AAD System. 

Your Specialty 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 
VENTAVlS 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 about VENTAVIS 
and the .1-ngb MO System. . . __ . . 

Actelion Pathways: Coordinates with your doctor, insurance company, and 
speeialty 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. VENTAVIS (ilaprcsr) full prescribing information. Actelion Pharmaceuticals US. loc. May 2013. 
2. i-nel> AAO System user guide. i<oninklijke Philips Electronics NV 2010 . 
. -· . ,.. " ~ . ';:, ~'· ,, 

Pf ease see pages 3 and 4 for Important Safety Information. 
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Actelion PathiNaysfflt 
. If you enroll, Actelion can provide-you with seFVices and support -such as · 
helping you with: · 

• Answering your questions about filling your prescription 

, • Co.ord.inJiti,ng wH~ yo~r doctor, in.surance ,<:.oaip~ny, and.specialty pharmacy 
to find out whether you have coverage for your medicine or if additional 

~· information is needed · 

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

. Through Actelion's Patient Services Department, you'll als-0 have access 
to a dedicated team of nurse educators- including Registered Nurses and 
Resi:ilratory Therapists. ·< 

An Actelion Nurse Educator can be reached from Monday through Friday, 
12 PM-8 PM (ET)/9 AM .. 5 PM (PT) at 1·866·ACTELION { 1~866-228-3546). 

Plea.se see accompanying full Prescribing Information and Patient 
Information, ·atJiJ Important Safety l ntormation on pages 3 and 4. 

··VE'JTAVIS is a licensed tradem.1rk o' B::Jy~r S-:herinp Pharma AG. 

•· Respirunic s •nd l·fl•b A1lap1ive J\m osol Delivery !•\J\0) $y:;1em arc 
trademarks of or belon91ng to Konin:C.lifke Phrlir>s Elec~ron1cs NV • 

..,Acieiion P::tth1 .. JO)IS 1s a trJdernw-k o! A~~olion Ph.:um3ceubculs, Ud. 

On.gm.al 0Dwn and Ultrn 0Bwn 3re rc9istered tmdcmarks of Prcc.tcr & Gamble. 

Patmoltvfl is a registe1ed trstlcmark of Colgate-P6ftnolivl! Companv. 
r~1P.thod is 3 1egis1€red ~r.1dem11rk of Me1hoct. 

Seventh Generation 1s a rcgrs1ercd tr:tdem-ark ot Scven1h Genera tum. Inc. 

~TEllON '9 2013 Aclclion Pharmaccu1io~ls US, Inc. i\11 nqhts rcmvcd. VE'l·0009Z 1013 

Ventavis® 
(iloprost) ~itt~'i-~J~0N 
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Selected Important Safety Information 

c2 Tyvaso 1:. breathed in (inhalable) throL1gil your mouth i11 lo yuur lungs. 

Tyvaso shot1ld only be used 'NiH1 lhe Tyvaso Inhalation System 

;!I The Pffcnc, of Tyvaso an" unknown in patients w ith lung disease (such :is asthma 

or chrome obstructive pulmonary disease) and in ['lil.l ients under 18 yecirs of age 

Please see complete Important Safety Information and Indication on page 18. 
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To learn more about Tyvaso, 
visit tyvaso.com or call 1-877-UNITHER (i-877-864-8437). 

#"a United Tyvaso is a registered trademark of un;ted Therapeutics Corporation. 
~~Therapeutics ;:,; 2014 United Therapeutics Corpor::ition. ;\II rights reserved. US/TYV/;.\PR14/268 Printed 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 t ime you get a refill. 
There may be new information. This leaflet does not take the place of talking 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 t he 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 ifTyvaso 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 pre<_:1nant. 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) through 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. 
• If 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 right 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 irritation and pain 
• fainting or loss of consciousness 

Tell your healthcare 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 information, 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 the 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 the carrying case when not in use 

(Exampl!e: 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 of Tyvaso. 

Medicines are sometimes prescribed for conditions that are not mentioned in a patient 
information leaflet. Do not use Tyvaso for a condition for 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 call 1-877-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: Treprostinil is a potent 
DP1 and EP2 agonist 
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Keywords: 
ProstJcyclin J nalogucs 
Rad1ollga nd bindini: 
Cyclic AMP 
Calcium influx 
Prosr.1noid receprors 

The prmtaryclin analogues. ilor rost and treprostinil arc extensively used in ~rearing pulmonary 
hypenension. 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; 1.1 and 3.9 nM. respec1ively). low affinity for FP. EPl orEP4 receptors, and very low affinity for 
El'2, DP1 orTPreccptors. By contrast, trcprostinil had high affinity for the DP1, EP2 and IP receptors (K;4.4, 3.6 
and 32 nM, respectively). low affinity for EP1 and EP4 receptors and even lower affin ity for EP,. FP and Tl' 
receptors. In functional assays. iloprost had similar high activity in elevat'ing cyclic AM P levels in cells 
expressing the human IP receptor and stimulating calcium innux in cells expressing EP1 receptors (EC50 0.3 7 
and 0.3 nM. respectively) w ith !he rank order of activity on !he other receptors comparable to the binding 
assays. As with binding studies. treprostinil elevated cyclic AMP with a similar high potency in cells 
expressing DP,. IP and EP, receptors(ECs0 0 .6. 1.9 ,ind 6.2 nM. respectively), but had low activity atthc other 
receptors. Activation of IP, DP, and EP2 receptors. as with treprostinil, can all result in vasodilatation of 
hum.Jn pulmonary arteries. However .• 1ctivarion ofEP1 receptors can provoke vasoconstriction. and hence 
may offset the IP- receptor mediated vasodilator effects of iloprost. Treprostinil may therefore differ from 
iloprost in its overall beneficial pulmonary vasorelJxam profile and other pharmacological actions. 
especially in diseases where the IP receptor is down-regulated!. 

1. In troduction 

The endogenous prostanoid. prostacyclin, is of substantial 
therapeutic benefit in the creatmenr of the h ighly debilitating 
disease. pulmonary hypertension I 1- 41. Proscacydin itselfis however 
chemically unstable at physiologiC.JI temperatures and pH, a nd 
rapidly decomposes to a relatively inactive breakdown product as 
reviewed by W hitt le and colleagues [ 5,6]. lherefore. the early clinical 
use of prostacyclin. as the ch emically synthesised material epop ros­
renol. n ecessitated the use of a high pH formulation and ice packs for 
its prolonged intravenous use. The development of chemically stable 
prostacyclin analogues such as iloprost, treprostinil and bcraprost 
obviated the requirement for such a formulation 161. These agents 
have been used clinically for different indications. including 

• Corre-spond ing author a t: Centre for Cliniol Pharmacology. Division of 
\1cd1Cine. Floor 3. Rayno ~u1lding, University College, S University Srreet, London 
WCIE 6JF. UK. Tel.: +44 020 7679 6180: fax: +44 20 7679 6212. 

E-mail oddresses: b.j.whinle@qmul.ac.uk (B.j. Whittle). asilverstd n@unither.­
com (A.M. SilverSiein). dmottola@luogllc.com (0 .M. Mott<>la ). l.dapp@ucl.ac .u k 
( L.H. Clapp). 

0006-2952 © 2012 Elsevier lnc.Op<n a«<5' under \(' flY·l'iC·ND Ii«""'· 
hup:f/dx.d oi.org/10. lOl G/j.bcp.2012.0J.O 12 

© 2012 Elsevier ( nc.OJ)C'11 1}¢(;t:s1 under('(' dY .\IC'-!\D l1tc11:k. 

pulmonary hypertension, peripheral vascular disease a s well as 
Raynaud·s phenomenon and d igital ulcers associated with scteroder­
ma 17-1 1 1. In particular. iloprost and treprostinil are current ly used 
extensively in Europe a nd the US for the t reatment of pulmonary 
anerial hypen ension ( 14-1 81. 

As with most other mediators. prostaglandins such as prostaLy­
clin elicit their m olecular, ph annacological and biochemical effects 
through binding and activation of specific receptor sites I 191. It was 
initially established by pharmacological techniques that there was a 
range of specific receptors for the naturally occurring prostanoids 
(see [20 I) and these receptors have been subsequently cloned and 
expressed ( 19.2 i I. The original classification of t he different 
prostanoid receptors (20.22.23 I has remained essentially intact 
since the early proposals (241. Thus. the rece ptors are identified as 
the IP. EP1, EP2• EP3 • EP4 , DP(n ow DP1, see below), FPand TP receptor 
123- 251. The IP. EP2. EP4 a nd DP1 receptors are classically known to 
be G,-coupled receptors linked to cyclic AMP (cAMP) generation, 
white EP1, FP a nd TP receptors couple to calcium mobilisation 
pathways through Gq. G; and as yet unidentified G proteins ( 19.25 ]. 
There are several splice variants of EP3 which can couple negatively 
or positively to G; or G,, respectively I 19 I. 
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The narural ligand for the IP receptor is prostacyclin (PGl2). with 
prostaglandin E, ( PGE,) for the EP receptors. PGF2,. for the FP 
receptors and [hromboxane Ai for [he TP receptor [241. A recent 
phanmacolugical study has :;uggeste<l eviden ce for a second IP 
receptor on hum,1n a iiway epithelial cells that mediates the 
inhibition of cytokine release [261. This is not thought to be a s plice 
variant altl1ough its occurrence elsewhere has not been described. 
The originJI classification of the DP receptor with prosraglandin D2 

( PGD2 ) as the natlirJI ligd11d h,i:; now been designated as DP, 1241. 
This rakes into account the more recently identifiN1 DP2 receptor or 
CRTh2 receptor. th~t while recognising P\.02• is more closrly 
associated with chemo-attractant molecules and has no significant 
homology with the other prostanoid receptors [24 I. 

Despite their extensive clinical use over the past decade. there is 
relatively little direct comparative pharmacology of iloprost and 
treprostinil in experimental systems and models. It is genera lly 
assumed that both are potent agonises ac the proscacyclin IP receptor 
and that such agonise activity predominamly unde rlies their 
respective re:;ponses, including their potent VdSOdilator effects in 
the pulmona1y vasculature, at least under physiological conditions 
127- 291. Indeed, based on this premise. novel a gents that are highly 
selective agonists at the IP receptor such as the non-prostanoid 
moiety. selexipag, are being developed for clinical utilit ies including 
pulmonary hypertension 130.311. However. the situation is more 
complex. since the prostacyclins appear to have functionally 
relevant effects at other prostanoid receptors as reviewed by Clapp 
and Patel [32 I. 

Although the receptor binding profi le of iloprost. including its 
high ., ffi11ity for the IP as w ell as the EP1o and EP3 receptor, has been 
reported for both murine and human prostanoid receptors {21.331. 
there has been no reporte d comparable evaluation of treprostinil. 
Because of the multiple pathophysiological processes involved in 
pulmonary hypertension, there is a need to understand m ore abou t 
the respective pharmacology of these two extensively used 
prostacyclins. Thus. the current study investigates the binding 
profile of treprostinil on human prostanoid receptors. individually 
expressed in separate cell Jines, and has directly compared this 
profile to that uf iloprost in the same studies. In addit ion, the 
cellular responses of either an e levation of intracellula r cyclic AMP 
or calcium levels as appropriate. as a consequence of activation of 
the individual human prostanoid receptors by either iloprost or 
treprostinil, have also been evaluated. 

2. Methods and materials 

2.1. in vitro radio-ligand binding assays 

Evaluation of the affinities of treprostinil and iloprost for each 
prostanoid receptor was determined in radioligand binding assays 
using standard techniques. Cell lines, condi'tions and materials 
used are documented in Table l and broadly follow protocols 

Table 1 

previous ly described [21 ,34.35 J. fllicfly. cells from each cell line 
stably expressing tile recombinant human prostanoid receptor 
were spun down at 4 -c and the cell pellet suspended in a 50 mM 
Trb/HCI (pM 7.4) buffercontaining 5 1nM EDTA. 20 mm NdCI. 5 mM 
KCl. '.i mM MgCl2• 1.5 mM CaCJ2, 1 0 µg/ml trypsin inhibitor. I µg/ 
ml leupeptin and 75 µg/ml phenylmethylsulphonyl fluoride. 

Cell lysis was performed by u ltra sonication :J min at 4 '() 
using a Vihro cell 72405, followed by centrifugation ( Becl<man 
Av anti J30l) of the resulting homogenate at 4 ' C ( 50.000 >< x fur 
I 5 m in ). The m em brane pe llet was resuspende.d in fresh Tris buffer 
rnnt<iining 10% glycerol <ind stored as aliquots at - 70 "C until 11srd 
in the binding studies. Proteins levels were determined using the 
Bradford method and the opt imised quantity of protein used in the 
binding studies was 16 µg for the TP receptor. 20 µ g for the EP2 , 

EP3, EP 4 and FP receptors. 40 µ g for the IP receptor and 60 µg per 
sample for the EP1 and DP1 receptors. Incubations were carried out 
using nanomolar concentrations of the appropriate [3 HJ r<ldioli­
gJnd (TJble ·1) in the absence or presence of various concentrJtions 
of the prostacyclin analogue (final solvent rnncentrat ion was kept 
constant). Total binding was determined in the presence of vehicle. 
Non-specific binding was determined in the presence of 650-
5000- fold excess of the corresponding non-labelled ligand. 
Following a 60- 120 min incubation of ligands at room tempera­
ture (Table I ), samples were filtered rapidly under vdcuum 
through glass fibre filters, dried, and then counted for radioactivity 
in a scint illation counter. 

The specific ligand binding was calculated as the difference 
between total binding measured in the presence of radioligand 
alone and nonspecific binding determined in the presence of an 
excess of unlabelled ligand, as performed in the lahoratoiy at Ce rep 
(Le bois J'Eveque. France). Specific binding for ligands reached 
equilibrium after 30-40 min of incubation at room temperature. 
was stable fur gredter than 2 hand wJs determined to be saturable. 
Results are expressed as a percent of the control specific binding 
obtai11ed. 

Compet ition curves for each data-set were· generated by non­
linear regression analysis of the data (Prism 4.03; GraphPad, San 
Diego , USA) using a four paraine ter logistic (Hill ) equation: 

Y - D -'- (A - D) 
- ( 1 + IOIX log IC,.,) « llH ) 

( I ) 

where Y ~ specific binding. D = minimum specific binding, 
A ; maximum specific binding, IC50 • the concenrration that 
inhibits half of the control specific binding a nd nM K Hill factor. 
The inhibition constants (K;) were calculated 11 sing the Cheng 
Prusoff equation: 

ICso 
K; = 1 + (L/ Ko) (2) 

Experimental conditions for prost.1noid receptor radiolig;and binding assays. h •hurn~n: Kd •dissociation constant: RT• room temperature; BEK-293 •human embryonic 
kidney 293 cells: CHO-Chinese hamster ovary: 1321Nl • hum•n glial broin am ocytoma. 

Prostanoid receptor Expre-ssion sysrem/t1cccssion no. 

IP ( h ) HEK·293/NM_000960 

EP1 (h) HEK-293/NM_000955 
EP,(h) HEK-293/NM_000956 

EP, (h) HEK-293/NM_ 198714 

EI'• ( h) CHO/NM_000958 

DP1 ( h) 1321N 1/NM_000953.I 

FP ( h ) HEK-293/NM_000959 

Tl' (h ) (TXA,) HEK-293/Ul 1271 

l.ig.;tncl Conccntr.atlon (nM ) l<d(nM) Nonspecific (µM) lncubotion time @RT ( 1nio) 

11111 iloprost 10 !loprost ( l 0 ) GO 

l ' H J PCE, 1.5 1.5 PCE, ( 10) 120 
I 'HJ PGE2 3.0 3.0 PGE2 ( 10) 120 

{' H J PGE1 0.5 0.8 PGE2 ( l ) 120 
l ' H J PGE, 0.5 0.3 PGE2 (10) 120 

l'H I PGD, 1.5 1.2 BW245C ( 1) GO 

l ' HI PGF20 3.8 Cloprostenol ( l OJ 60 

l'Hl SQ 29548 U44069 ( 10) 60 
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where L - concen tration of radioligand in the J ssay, a nd 1<0 = affi­
nity of the radioligand for the receptor. Se<1tchard .111.1lysis was 
used to determ ine Ko from a plot of specific binding/free 
radiolig and concentration versus specific hinding giving a s lope 
e quivalent ro - 1/1<0 a nd a1rc given in Tallie I (sec Figure S I of 
Supplernent.iry Information for examples of Scatchard plots). 

2.2. Receptor acrivarion assays 

2.2.1. Cyclic AMP assay 
HEK 293 (expressing EPi . EP4) CHO (EP3, IP ) or 1321NI (DP,) 

cells were lifted with a non-enzymatic cell stripper and re­
suspended in assay buffer a t the desired cell density for each ce ll­
line. Cyclic AMP was assaye d in suspension of cells using a CisBio 
HTRF cAMPHiRange Kit (Cisbio US. Bedford. MA. USA) according to 
the manufacturer's protocol. Cells were incubated with the 
prostacyclin analogues foe 20 min at 37 ' C. The reaction was 
terminated by sequentially adding 02-labelled cyclic AMP and 
cryptate-labellcd anti-cyclic AMP antibody contained in lysis 
buffer. The plate was incubated at room temperature for 60 min 
before reading of fluoresce nt emissions at 620 nm and 668 nm 
with e:xdtation at 314 nm were made on a minoplate reader 
( Molecular Df'vices, Sunnyvale. CA. USA). These e xperiments were 
performed in the laboratory at Multispan ( Hayward. CA. USA). Data 
were converted from ;:i cyclic AMP standard cuive and expressed as 
<:yclic AMP ( nM). 

2.2.2. Calcium mobilizatian 
HEK2q3 cell~ exprl'ssing: FP. TP or EP1 receptors werr "'eded in 

384-well plates ar appropriate densities and cultured overnight. 
The cakium flux assay was conducted according ro the manu­
t'acturer's protocol using the FLJPR Calcium 4 Assay Kit (R8142: 
Molecular Devices). Loading buffer. containing the calcium­
sensitive dye, was added rn the cells and inrnbated for 60 min 
at 37 ' C. The plate was then t ransferred to a Fle)(Station '0 3 
benchto p multi-mode microplate reader (Molecular Devices), 
where compounds were automatically injected into each well. 
Intracellular calcium. monitored as changes in fluorescent. was 
recorded for 90 s with a si ngle compound a pplicarion occurring 
a fter 19 s. These t!xperimi:nts we re performed in the laboratory .it 
Multispan (Hayward, CA, USA). Assay results (5- 10 determinations 
per analogue concentration,) were plotted as relative fluorescence 
units ( RFU). 

2.3. Materials 

Treprostinil was provided in powder form by United Therapeu­
tics Corporation (Research Triangle Park. NC. USA). lloprost (50 :50 
R/S isomer), BW245C, prostaglandin E2 ( PGE2 ) .md PGD2 were 
purchased from Cayman Chemical Company (Ann Arbor. Ml. USA). 
Clopros te nol, U-44069 and buffer reagents a nd m aterials were 
purcha.sed from Sigma-Aldrich (Lyon. France). Trcprostinil was 
dissolved in DMSO at a stock concentration of JO mM and iloprost 
was dissolved in methylacetate at a concentration 13.9 mM. For 
concentration- response experiments, the highest agonist concen­
t ration u sed was 1 O IJ.M wi th serial l :10 dilutions. 

In binding assays, stable cells expressing respective human 
prostanoid receptors were used by Cerep (Table 1 ). The radi­
oligands used in these studies (Table 1 ) were obtained from Perkin 
Elmer NEN (Courtaboeuf, Cedex 191945, France), or for iloprost. 
from lsobio (Fleurus. Belg ium ). Likewise for functional assays 
conducted in the laboratories of Multispan. stable cell lines 
expressing human recept ors were: EP1 (GenBank accession 
number NM_000955.2; Cat-# C1201a) in HEK293T, EP2 (GenBank 
Accession Number NM_000956.3; Cat# Cl 202) in HEK293T, EP3 
(GenBa nk Accession Number NJ\11_000957; Cat# C1203-1a), in 

CHO-KI. EP4 (GenBank Accession Number NM 000958: Cat# 
Ct 204) in HEK293T. FP (GenBank Accession Nurmber NM_000959: 
Cat# Cl205) in HEK293T, IP (GenBank Accession Number 
NM_OOO'l60: Cat# Cl:.l!Jti-1 } in CH0 -1<1 , OP1 (C.enBank Accession 
Number NM 000953; Cat# CJ200) in HEK293T .rnd Tl' {TXA2R; 
GenBan k Accession Number NM 001060.4: Cilt# Cl365) in 
HEK293T were fro m Multispan. 

2.4. nata analysis 

In t>inding studies. ICso values were obtained from each 
individual cuncentrJtion-response cuive for specific binding 
(n = 6) and used to determine the affinity constant, I<;. 

Concentration-dependent relationships for e ach prostacyclin 
analogue stim ulating elevations in either intracellular cyclic AMP 
or calcium (mean ± S.E.M. of n determinants per concentration as 
indicated ) as appropriate, were constructed using a variable slope 
sigmoiclal titting routine in GraphPad Prism 4.03 (San Diego, CA USA). 
The EC50 value. the concentration of agonist causing 50% of the 
m.1ximal response (Eniaxl. was determined from individual fi ts to each 
data-sec and expressed as me<rn ± S.E.M. Statistical analysis was 
performed using GraphPad with significance assessed using a 
Student's t-test or ANOVA with correction for multi ple comparisons. 
A P value < 0.05 was considered significant. 

3. Results 

3. l. lladioligand binding data 

The data obtJined from the competition binding assays with the 
t rit idted ligdnds in the presen ce of either iloprost ( Io- 11 to I o- 5 M) 
or treprostinil ( Io- 11 to 10- 5 M) for the eight recombinant human 
prostanoid receptors studied. the IP. EP1. EP,, EP3 , EP4 , DP1, FP and 
TP receptor. <:1re shown in Fig. I . Both iloprostt and treprostinil 
yielded concentration-dependent reductions in specific binding for 
each of the receptor types over the range o f concentrations 
evaluared. However, neither prostacyclin analogue yielded a full 
specific binding cuive for the Tl' receptor because of the high 
concentrations (> l 0 !J.M) that would have been required to reach 
full displacement of radioligand {Fig. 1 ). The derived affinity 
constant, the K; value, for e ither iloprost or tre prostinil at each 
prostanoid receptor. is given in Tallie 2. To aid comparison of this 
data to that obtained from earlier human prostanoid receptor 
assays. the K; values reporte d for iloprost from t he work of 
Abramovitz and colleagues 12·11, are also presen ted in Table 2. 

The data from the current study shown in Tab le 2 ind icate that 
iloprost has high binding aiffinities for the 1r and EP1 receptors, 
though this was significantly (P - 0.002) greater for the EP1 

receptor , as indicated by the lower K; value. Its affinity for the FP. 
EP3 and EP4 receptors was some two log orders lower and was even 
lower for the DP1. EP2 and T P receptors (Table 2). 

In general. the overall bind ing profile to the prostanoid receptors 
obtained in the current work with iloprost was similar to that 
previously reported for iloprnst again st human prostanoid receptors 
(see Tab le 2; data from Ref. [21 J). Com parison of the K; values in 
Table 2 indicates that the order of affinity for iloprost in the current 
work was EP1 > IP >> FP > EP3 • EP• > DP, > EP2 > TP. while that 
reported previously by Abramovitz .md colleagues ( 2 1 J was 
EP1 ~IP > EP3 > EP4 > FP > DP1 > EP2 > TP. Thus, the main diffe r­
ence found between the two studies utilising iloprost was the 
ranking of the K; for the FP receptor. 

The prostanoid receptor binding profile for treprostinil differed 
from that obseived w ith iloprost (Table 2 ). Treprosrinil had a high 
and similar affinity for the DP1 and EP2 receptor, which was some 
1 0- fold (P < 0.0 I. one way AN OVA) greater than that for the IP 
receptor. It had a much lower affinity for the EP1 receptor, weaker 
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fig. I. Co mpetition bind ing assays for d iffe rent recomblna n1 hum>n prnsranoid recepror<. Recep rors were sr.1bly expressed in HEK-293 ( II'. EP1, EP,. EP, , TP, FP). CHO (EP, )o r 
1321 N I (DP, ) cell Imes. The 1otal specific .rnd no n-specific binding was d etermined for each (JH] ligand as per methods •nd equilibrium competition binding »<>ys 
pcrfonntd in 11te p resence of 0.01- 10.000 nM of either ilo prost or 1reprostinil. Dat,1 are shown J S meJn ± S.E.M. of 6 individual determinations performed on two scpJCa te 
occasions. Stacistic.31 analysis using 2-way 1\NOVA indicate d that diffc1"C11ces in bmding affinity cu1vcs existed between tr<-..-prostinil and iloprosr for the IP, EP1. EP2 EP J OP1. A> 
(P < 0.001 ) bur not El',(/' • 0.08) rcceptor. 

Jffinity tor the EP4 receptor. and very weak affinity for £1'3• FP and 
ll' receptors {Table 2). Thus. the rank order of affinity of 
treprostinil for the human prostanoid receptors based on the 
derived K; values was DP 1 = EP2 > IP > EP 1 > EP 4 > EP3 > FP > TP. 

In the current work, the K; values atthe IP receptor showed a 10-
fold difference (P < 0.001. unpaired r-tcst) in a ffinity between 
iloprost and treprostinil. The mJ.jor difference between the overall 
binding profile of iloprost and treprostinil for G, -coupled receptors 
was the high affinity of treprostinil for the DP1 and EP2 receptor. 
This was reflected by the 230-fold and 325-fold lower K; value 
obtained in the current study for the DP1 and EP2 receptor 
respectively with treprostinil compared with 'iloprost. Treprostinil 
had a higher K, than iloprost at the EP 4 receptor, though overall the 

Table 2 
Prostainoid receptor binding profiles for treprosrinil and iloprosr. Specific binding 
w.is d etertn1ned U-sing displ.Jcem ent radiolig.and binding in cell membr<1nes over 
expressing rccombinanr human prosranoid receprors. VJlues of the inhibition 
consr3nt. K1 are shown as the mean .l S.f.M. of 6 individucll dctenn1nations obr.~uned 

on rwo separate occ•sion~ lllc K, for iloprosr a r 1hc Er, rccepror was sig111ticanrly 
(P< 0.002) grearer rhan rhat for the If> receptor. and its K; for IP rt-c<pror was 
significan1ly (P < 0.001 ) gre.ue r than the K, of treprostinil a t this receptor. For 
comparison, rhe tJble .also corn<Jins Ki values for ilnprost oht~ined from historic-=11 
b inding d.a1.i published by Abr.Jmovirz er a l. for hum.an prostJ.noid receptors expressed 
in HEK 293 (EBNA) cells (21 (. NCz nor t •lculable. 

Recep tor Radiolig rnd binding assay Abramov112 et al. Ill I 

Treprostinil K, (nMl lloprosr K; (nM) lloprost K, (nM) 

If' 32.1 ±0.2 3.9 ±0.6 11 ::i: I 

EP1 212 ± 56 I. I ± 0.3 11 ± t 
~P, J.6 :e 0.3 1172 Jd59 1870 ± 176 
EP1 2505 ± 263 208 ± 26 56±0 
EP4 826 ± 116 212.1 27 28H9 

DP, 4.4 : 0.4 1016 .i. 63 10)5.i. 17 1 

FP 4G80 + 927 131 ± 17 619 ± 159 

TP NI 177R + 375 6487+ 29 

s pecific binding curves were not significantly different (P ~ 0.08, 2-
way ANOVA). These binding studies also indicted that treprostinil 
had a 200-fold lower affini ty for the EP 1 receptor than d id iloprost. 
as we II as a m uch lower affinity for the FP and TP receptor (Table 2 ). 

3.2. Prostanoid receptor activation studies 

Studies on the effect of iloprost or treprostinil over a wide 
concentration range (10 12 to 10 5 M) on functional responses in 
rells expressing each prmtanoid receptnr were conducted. The 
concentration-response curve for each prostacyclin analogue 
;:iga ins t 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 ). 
Typic.al sigmoid curves were obtained for all but one of the 
p rostanoid receptors with either analogue ( Fig . 2 ). The exception 
was iloprosr at che DP, receptor. which unlike in the binding study, 
showed an atypical sigrnoidal relationship w ith a s hallow slope, 
the response at 10 µM being comparable to the maximal response 
to treprost inil, achieved at 10 nM ( Fig. 2). From the conce ntration­
response data obtained for each prostanoid rec eptor, the EC50 was 
calculated and shown in Table 3. 

The rank order of iloprost potent-y for evoking a response in 
cells expressing each part icular prostanoid h1.Jman receptor was 
EP, - IP > El'3 > Fl' > c P4 > TP > DP1 ~ EP2. which is broadly simi­
la r to the ranking observed in the binding studies. Thus. iloprost 
had high activity at both the IP and the EP 1 receptor in the 
expression system used and indeed had a s imilar EC50 value for 
activity (sub nanomolar) at either receptor. Furthermore. iloprost 
was 75-fold less active at t he cP3 receptor tha n at the IP receptor. 
500- 1000-fold less active at the FP and EP • receptor and had EC50 

values in the micromolar range for activity at the EP2• DP1• and TP 
receptors (Table 3). 

As with the radioligand binding studies. iloprost had higher 
activity in evoking a functional response in cells expressing the IP 
receptor tha n did treprostinil. having a 5-fold (P < O.Dl . unpaired 
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fig. 2. Reic:cptor .ictlvation assays in cells :i;tably expressing human pro5t.l.noid recrptors. Concentrarion-dcpendent. increa:i;es: in intracellul.~r cyclic AMP( IP. EP2. EP1• EP4 . DP1 

.-eceptnrs) nr CAicium (EP1. FP. TP) wore mc•<ured upon rreatmcnr wirh either treprostinil or iloprost (0.001 - 10.000 nM) fnr I h. Data •re shown as m-.11 = SLM. nf 5- 10 
derem1i1'Mlit11b 1w1formerl 011 2-3 M '1Mt dfe oco"iion~. Corves have bt't'n g'"nel'.arrd from firring d"t..l ro .1 varit1.hl1· slupt-· sigrnoiclal functim\. Statistirtll an.tlysis using 2-w;iy ANOVA 
indicated lhatdifferences in concent r.ilion responsecrn'Vt'.'S exi~•f•d becween lrt!prnstinil arKI ilopro~t fotth!! IP. EP1, EP2 OP1• f'P. lP( P < 0.001 ) but nut EP1 andl EP4 (P ;,. 0.9) receptur. 

c-test) lower EC50 va lue (Table 3) and a concentration- response 
curve significantly shifted (P < 0.001. 2-way ANOVA) to the left 
(Fig. 2). 

13y contrast to the profile of iloprost. the rank order for evoking a 
response with treprostini l in cells expressing each separate 
receptor was DP, ,<: IP > EP2 > EP3 > EP4 > EP, > TP > FP. again 
in general agreement with che rank order for the radioligand 
binding studies. Thus. treprostinil had high potency in activating 
DP1 and EP2 receptors as well as the IP receptor. from comparison 
of the EC50 values. it was some 36-fold less active at the EP1 
receptor. 95-fold less active at the EP4 and I 50- fold less active at 
the EP1 site than dt the IP receptor. As can be seen from T,1ble 3, 
t reprostinil had little activity at rhe FP or TP receptor sites. 

T•ble 3 
Receptor activation .tssays in cells s tably expressing hum.tn prostJnoid receptors. 
For IV. EP:l. EP1• E1' 4 and DI', receptor activ.ition .issJys. concentrauon· dependenr 
inrra.cclluldr cyclic AMP accumulation was measured upon t're.a<ment with either 
creprostinil or iloprost. For FP. TP .ind EP1 rcccpcor ac[ivatiori ~1sscJys. conccntration­
dcpcndent increases in intracellular calcium were measured upon prostacyclin 
analogue 1rewnent. The rnncenrrarion of agonist causing 50% of the maximal 
response. the EC:;o value, were delermined from the concentrdrion- response curves 
(5- 10 delermin.ations per drug .::oncenrr.;ation performed on to 2-3 sep.;1ra1e 
occasions) and shown as the mean ± S.E.M. Tlie EC,. values for ilopros1 at the IP •nd 
El'1 receptor were nor sip,nific~mtlydifTerenr (P:0.6, unpaired t-tesc:); the EC.:.o v.ilucs .at 

the UP, receptor for iloprost and rrepros:rlnil were significamly differen{ (l'< U.U2, 
unpaired HCSI~ 

Receptor T.-r prosrinil EC.., (nM) lloprost EC50 ( n M J 

IP 1.9 1 0.4 0.37±0.10 

EP, 285 .J. 143 0.H O. I 
EP, G.2 ± 1.2 2094 ::: 560 
EP, 68.9 ± 7 27.5 ± 0.5 
er, 181 ± 37 389::: 86 

DP1 0.6 ± 0.1 2059 ± 765 

FP > 3500 191 ± 44 

TP 9 19 ± JI(} 1417 ± 141 

4. Discussion 

The c urrent study has compared the activity of two clinically 
used pmstacyclin .:inalogues. iloprost aod treprostinil, in receptor 
binding assays and in biochemical functional responses using cells 
stably expressing individual human prostanoid receptors. The 
prostanoid receptors investigated were those classified as IP, EP1o 
EP, , EP3, EP4, DP1• FP and Tl' 123.24 1. Substantial differences in the 
profile of activity between these prostacylins have now heen 
identified. the key findings being that unlike iloprosc. treprostinil is 
a potent agonist at both the DP, and EP, recepcor, while having 
little activity at the EP1 receptor. 

Previous work has reported on the binding of iloprost to these 
human prostanoid receptors (2 1 I. and it was reassuring that the K; 
values <lnd rank order of affinity derived from the current work is 
comparable. A Ki value of 11 nM for iloprost at the human IP 
receptor in that previous work, and 4 nM in the c urrent study, are 
a lsn similar co the K; of 4 nM for iloprost at this receptor in another 
report 1361. Moreover. studies on the binding of iloprost to murine 
IP receptors gave a Ki value of I I nM [33]. As described previously 
for both murine and human prostanoid receptors [2 I .331. iloprost 
a lso had high affinity for the human EP1 receptor. Indeed. in the 
current work. the K; value for the EP1 rect>ptor was even lower 
(1 nM) than for the IP receptor. Likewise. other radioligand binding 
studies have reported high affinity binding with i!oprost for the 
human EP1 receptor, with a K; not significantly differe nt from the 
natural ligand, PGE2 [37). 

lloprost had a relatively low affinity for the human FP or EP4 

receptor. and even lower afli nity for the EP2, DP1 or TP receptor in 
the current study. comparable to that found previously in 
radioligand binding studies on both murine and human prostanoid 
receptors !21.33]. In the former two studies however, iloprost did 
have significant affinity for the murine or human prostanoid EPl 
binding site. but this was less pronounced in the current work 
using the human EPJ receptor. As the EP3 receptor is known to 
exhibit a range of splice variants for both rnurine and human 

UNITED THERAPEUTICS, EX. 2005 
WATSON LABORATORIES V UNITED THERAPEUTICS, IPR2017-01621 

Page 89 of 92 



6.J. W/urrle ec 11l./Hioc/1M1ical /' l" mnocology 84 (2012) 68- 75 73 

1·cceptors I 19 1. this may have some bearing on difff'rencf'S in thf' K; 
v~lues nbtaincd in these .assays. 

Fi n dings on the relative a ffinities for the different prosr.moid 
1·cceptors in the binding assay were generally translated to act ivity 
in the biochemical functional assays utilised in the present work. 
Thus. iloprost had high Jct ivity in st imulating cyclic AMP levels in 
the cells expressing the hu m,m II' receptor or in stimulating 
ca lcium inOux in cells exp ressing the EP, receptor; indeed the EC50 

values for these responses were the same (~0.35 nM, Table 2). 
Earlier pharmacological s tudies using a range of isolated smooth 
musc le bioassdy prepara tions a lso concluded that iloprost has 
potent activity at both the IP and EP 1 receptor I 25.38.191. 

In rhe present biochemical functional assays. iloprost also 
activa ted the human EP3 receptor co elevate intracellular cyclic 
AMP levels. a lth ough the EC50 value was some 75-fold higher 
than that required to activate the response in cells expressing 
the IP receptor. Jloprost w~s less active on the cells expressing 
t he Fl' or £P4 receptor, and very much less active in elicit ing a 
response in cells expressing the TP. EP, or DP, receptors. Earlier 
work in cells expressing either the hum.rn EP7. or EP4 receptor 
has a lso shown iloprost be .;i ve ry weak agonist in terms of its 
J bility to elev<ite cyclic AMP in such cells 1401. Recent studies in 
HEl<-293 cells over-expressing EP1 receptors also showed 
iloprost failing to elevate intracellular cyclic AMP 126). However. 
iloprost had some activity in cells over-expressing the EP 4 

receptor, dntl partial agonist activity in cells over-expressing the 
DP1 receptor. with Wilson and colleagues 1261 concluding that 
the I atter receptor may be activated at high concentrations of 
iloprost. ln the current s tudy and in all previous work, iloprost 
likewise had very low activity on the DP1 receptor expressed in a 
number of d ifferent cell systems including h uman platelets and 
COS- MG cells 121.41.421 

In the present work. trcpros tinil exhibited a very different 
profile in the radiolii:and binding assays for the human pros tanoid 
receptors when compared to iloprosc. Thus. unlike iloprost, 
treprostinil had a high affinity for both EP2 and DP1 receptors in 
the b inding assay, which was surpr isingly, some 10-fold greater 
than that for the IP receptor. On the other hand. treprostinil had a 
200- fold lower affinity for the EP1 receptor compared with iloprosr. 
dnd the affinity for the EP3 df!i.l FP receptors was in the low to mid 
m icromolar range as opposed to the nanomolar range for iloprost. 
Affinity for the EP4 recept or was low for treprnstinil and iloprost, 
and both had minimal affinity for the h uman TP receptor. 

The rank order of activity of treprostinil in evoking changes in 
either cyclic AMP or if\tracellular calcium levels in the cells 
expressing the individual human prostanoid receptors was 
comparahle to t hat found in the radioligand binding assays. Thus, 
treprostinil elevated cyclic AMP w ith a simHar high potency in cells 
expressing either the IP or DP1 receptor, and its activity on cells 
with the EP2 receptor was also high. Other work assessing 
prostanoid receptor antagonists in murine alveolar macrophages 
has s uggested that treprostinil acts on EP2 receptors to inhibit 
phagocytosis and cyrokine release 1431. 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 and FP receptors. 

As with the binding studies. the high activity of iloprost at the 
EP1 receptor site along with the finding that treprost inil had high 
affinity and potent activity at the DP1 and EP2 sires, are the key 
differences in the profiles of these two prus tacydin analogues. 
Interestingly, from a phylogenic perspective, the EP2 • DP1 and IP 
receptor are the most high ly related receptors within one of two 
subgroups of prostanoid receptors 14 I .441. Such potent activity of 
treprostinil at the DP1 receptor provides a novel aspect to 
interpreting pharmacological activity of this prostacyclin ana­
logue, as actiVdtion of the DP1 receptor w ill lead to both 

vasodilatation ;ind inhibit ion of human pl.~telet aggregation. as 
docs IP receptor activation 145.461. 

In terms of pharmacological responses that could underlie 
the therapeutic benefit of these prostacyclin analogues in the 
clinical treatment of pulmonary hype1tension. studies on human 
pulmonary vascu la r t issue are clearly important. It is known 
from stud ies util ising pharmacological agonists a nd antagonists 
thJt the pros tanoid receptors involved in the relaxJtion of 
human pulmonary venous preparations i11 virro are the DP, .1nd 
IP receptors, antl to a lesser extent the EP4 r eceptor [47.481. In 
huma n pulmonary artery preparations however, the IP receptor 
app ears to be the predominant receptor involved in relaxation 
l47J. Additional srudics h.we indicated that t he prostanoid 
receptors involved in the contraction of human isolated 
pulmonary veins were the EP1 and TP receptor [491. Indeed. 
EP1 receptors are expressed in human pulmonary veins. as 
demonstrated by immun.ohistochemistry 1481. Earlier pharma­
cologicol wo rl< had also suggested that EP, receptor agonises had 
poten t contractile activity on the human isolated pulmonary 
artery I 50 I. 

It ·is not yet known whether the high affinity and potency of 
iloprost for the EP1 receptor w ill lead to vasoconstriction and 
oppose the vasodilatation evoked through IP receptor activation in 
arteries or veins. This w ill depend on facrors such as the relative 
density and distributiun ufthe EP1 and IP receptor in these tissues, 
especially human pulmonary vasculature. The~e is however, some 
evidence that activation of the EP3 receptor. which like EP1 
receptor activation e licits vasoconstriction. can offset the vasodi­
lator response to IP receptor activation by iloprost in rat small 
pul111ona1y arterie' in vitro I 51 1. In other s tudies, EP3 or EP1 

receptor activation has been suggested to limit the relaxant 
activity of prostacyclin analogues in guinea-pig aorta [521 or rabbit 
iliac artery 1531. Moreover. the vasorelaxant actions of both 
iloprost and treprostinil in rat tail artery was enhanced ro a small 
but significant tlegree by dfl antagonist at the EP3 receptor, 
suggesting a functional antagonism with IP rec.eptors in this tissue 
(54 1. 

Apart from the potential opposing functional interactions 
betwe en the vasodilator a nd vasoconstrictor response following 
prostanoid receptor activation. there is the possibility of additive 
or synergistic effects through simultaneous act ivation of the 
different G, -coupled prostanoid receptors. which theoretically 
could e nhance the therapeutic efficacy of the prostacyclins. 
lloprost has relatively poor affinity for the EP 4 receptor that can 
evoke vasodilatation in hu man vascular tissue 148.55], and even 
less affinity for the DP1 and EP2 receptors, that along with the IP 
receptor. arc primarily involved in the pulmonary vasodilator 
response to prostanoids I 56 I. Therefore. additive or synergistic 
effects of iloprost at prostanoid receptors evoking vasodilatation, is 
unlikely. In contrast, t l1e high affinity and activiity of t reprostinil at 
the human DP1 and EP2 receptors in addition to the IP receptor 
could synergise to potently evoke a vasodilator response. while the 
m inimal activity of treprostinil at EP1 receptors would not be 
expected to produce an opposing vasoconstriction. This profile 
suggests that treprostinil could have a comparatively preferent ial 
vasod ilator profile in vascular tissue. particularly in the h uman 
pulmonary circu lation. 

The difference in the pharmacologicill profile between iloprosc 
and treprostinil in some models may hence reOect activity at 
mult iple prostanoid receptor sites. Thus in human pulmonary 
arterial smooth muscle cells, treprostinil evoked a full dose­
depende nt elevation of intrace llular cyclic AMP. whereas iloprost 
was less potent and reached a far lower maxi.ma! response I 57 J. 
Whether this reflected (a) activat ion by treprnstinil of multiple 
prostanoid receptors coupled to G, compared with iloprost (b) that 
iloprost was only a partial agonist at these sites. (c) that the 
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response to iloprost at the IP receptor was limited by concurre nt 
EPt and EP3 receptor activation or(cJ ) a combination of the above. is 
not l(Jlown. 

The disp.irity of lhe profi le between iloi1rost <111d treprostinil 
at the various prostanoid r eceptors will have importance when 
determining the overall pharmacological events that they 
initiate. especially w hen used to treat disease. This could a lso 
contribute to any d ifferen ces in the degree of side -effects of 
these prostacyclins in diniul use. including those exerted on 
the gas tro- i11testina l tract. Under phys iological condit ions. both 
.1n;iloguPs ;:ire potent agonists at the IP reccptor. which may 
dominatte the nature of the overall pharmacological responses in 
vascular tissue. However. it has been demonstrated clearly in 
two studies using human pulmonary t issue, that in idiopathic 
pulmonary arterial hypertension. rhe expression of the IP 
receptor is down-regulated when compared to control tissue, 
as detected by both immunoblotting and immunohistochemical 
techniques [29.58J. Under such conditions of low IP receptor 
density or stimulus-coupling activity. the phdrmacological 
responses of either iloprost or treprost inil th rough IP receptors 
could potentially be compromised. Indeed. in a rat model of 
pulmonary hyperte nsion where almost complete down- regula­
tion of the IP receptor was observed, it was suggested that 
iloprost may .ict tit rough another vasodilator receptor, the EP 4 

receptor. as this was not sim ilarly down-reg ulated 158J_ The 
expression of t he EP4 receptor has been detected in huma n 
pulmonary vein using immunohiscochemic,11 techniques J48J. 
Howeve r. the relatively poor affinity and activity of iloprost at 
the human EP4 receptor s u3gests that activation of this receptor 
is unl[kely to occur in the therapeutic dosing range of 
iloprost. the upper plas.ma concentrations achieved with 
intrave nous administ ration in humans for example. being less 
than I nM [591. 

Should expression of IP receptors be sufficiently down­
regulated in pulmonary vascular disease to reduce efficacy at 
the IP receptor. creprostinil could have the capacity to act on the 
other lcey vasodilator prostolnoid receptors in the lung, namely the 
DP, receptor and the EP2 receptor. As treprostinil has high affinity 
and act ivity at these latter prosta noid receptors, such posit ive 
interact ions should be achieved within the same clinical dose 
range that affects IP receptors. with plasma concentrations of 
t repros1tinil in pa[ients treated by intraveno us or subcutaneous 
routes ranging from 2.5 to 25 nM 160]. This would require that 
unlike the IP receptor, the OP, and EP2 prostanoid receptors were 
not s imilarly down-regulated in human pulmonary vascu lar 
d isease. lncercsringly. EP2 receptor expression in pulmonal)I 
arterial smooth muscle cells did not appear to be affected by 
monocrotaline treatme nt that produced experimental pulmonary 
hypertension in rats (58 J, though its effects on DP1 expression were 
nor monitored. 

The importance of tlile differential prostanoid receptor 
agonist profile of iloprost and treprosrinil w ill therefore become 
clearer with further knowledge of the pathology of this disease. 
particularly as regards co changes in IP and other prostanoid 
receptor expression or desensitisation and their coupled 
functional activity in the pulmonary vasculature. Moreover. 
consideration of pharmacological actions other than the 
vasoactive properties of the prostacyclins is warr~nted. Thus, 
the degree of involvement of IP receptor or other receptor 
acriva t[on in the processes limiting the characteristic exagger­
Jted vascular smooth muscle proliferation in pulmonary 
hypertension requ ires careful evaluatio n [28,291. All such 
information 111ay guide the eventual selection, based on its 
pharmacological profile, of a particular prostacycl in analogue or 
IP agonist for the various aetiologies that compr ise t he s pectrum 
seen in pulmonary hypertensive patients. 
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