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Company: ShireFAX 
To:· 

Name: John McCall, R.Ph. 

Fax Number: (888) 656¥6822 

Date: 10/31/2016 # of Pages: 2.\ 
[llcltldlng COYQr shoot) 

FROM: 

Name: Mauricio Munoz, Pharm.D. 


Contact Number: (714) 316-3249 


Subject: AK P&T Committee: Pre-Review Submissi~~ 0 ~ nt D Please R.eply , 

Message: 
Dr. McCall, 

P!ease see the following Submission Request Form for Pharmaceutical 
Manufacturers as wen as copies of the published citations. Full pdf copies for each 
of the articles are also freely available on the following websites: 

OPUS 2: http://www.aaojoumal.org/article/S0161-6420( 15)00777..0/abstract 

Mechanism of action: http://www.theocularsurfacejoumal.com/article/S 1542..0124 
{16)0001 O-O/abs1ract · 

Please let me know if any additional intonnation is needed. I will be attending the 
Alaska Medicaid P&T Committee meeting. 

Kind regards, 
Mauricio Munoz, Pharm.D. 
Sr. Medical Science Liaison 
Shire 
Mobile: (714) 316-3?:49 
E-inall: mamunoz@shire.com 
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i 

Templates byVer1flX42.com 

http:byVer1flX42.com
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State of Alaska Department of Health and Sodal services, Division of Health Care Services 
Submission Request Form for Pharmaceutical Manufacturers 

f:ax this request to: 1-888-656-68.22: ATTN: John ~ Call, R.Ph. 
Note: !>(Ote::;,ing May b~ Oefayetl if lrtforrn~tJqn Svbrni~d is llle~ble or tnco~ lete 

Members ofthe Phamacy and Therapeutics (P&T) Committee have requested that all clinical ififormationl 
qu.estions, or comments about the Preferred Drug List (PDL) be sent djrect!y to Magellan :r~edicaid Adm1nl~tration. 

Manufacturers andother interested parties have been tequest.ed not to contactthe members directly.Wri~ 
comments on the PDL ftom all interested parties should be submitted tn Erin Narus, PharlilO, R.Pb, at the State of 
Alaska. 

Note: 	 Manufacturers submittingcomments are requested to do so through their Product Manager uSing this 
form. This form constitutes a request for NEW infonn.a:tion pertaining to peer-reviewed literature 
includingoff-label peer~reviewed studies. 

r,·.·.:·.·.. .........·...·..,.. ..·: . .; ~. ·. . .. ·. ,,Cont.tict..lnftiimiiti(m.,... ..'. -·. · ., . 	 . .: . .~ . ,.. . .. .· ..- .· . ' , .. •' 
•• • f 

MANUFACTURER NAME: 	 bATE: 

L..lsh_lre_ P_h__ ac_e_uti_·ca_ls_____~______.,.11 j 1 I o·J - I3 I 1 I - I 2 0 l 6arm	 !; 
PRODUCi ~.ER'SNAME: 

IMau~lcio Munoz, Pharm.D. ::::: 	 [sr. Medical Science Liaison 

[69.31 Rio V15ta Drive 
. i 

CITY: STATE: 	 ZIPCODE: 

LIH_un_ti-~~ro~n-~~a~~------~- -~--_JI lc! AI 	 ! 9 1 2 I 6.L.4 1·7 I 
PHONE NUMBER: 	 FP>X NUMBER: 

1I 1 I 1 	 t 4 I - [ 3 I I 6 I - ti I 2 4 J"9J I l 1· I - I 1: 1~ 1 L I 
PRODUCT: 

!xildra (li~$t oi:,hthalmic solution) 5% 	 : 

~ii.~.it~H~k.··~p;r.q,,Jslfl~itotio'!'·(l/:CJ~ditilinal,~~-~requlrefl,.~ :dfn~iR~~~..~~!~~ft!ieJ./ \· '...'.:;:.,'_t.-···. 

The U.S. food and Drul: Administration approved Xlldra (ll~grastophthalmi(; solution) for t he treatment ofslgr,s and $Y1't)ptorn:s of 
dry eye disease, on Monday, July 11, 2016, Xildra is the first mer:lbtkm in a new class of ~ , called lymphocyte · 
funetton~assoclated antigen 1 {LFA·l) antagonist, approved by t he FDA for dry eye disease. 

Confid~t>tlo!JtyNatt~! rr..:, Jo~ot.a:,,r,~fflfl tr,/f t:t:MmJsslorl c-ont'7.'h"°'\fld~ if.«:fdr ira{omctif;.,, tlrot fs ~ lyptt'1t"Q,f;Qd.1Jyw aenMU:t i't£~d 

,R<Jpl•n :. Y"" ""' /,«<,byfl:)Oji.;!~«~"I'tf'w.""""' <Jl{)Y!/Jg, dl<Uli>l,tl«i, Ofam.., ...i ... .,m or.cr: .,,, 1M <mt""!> oft:h= daa,m,,, a ~$tt,($)y tl'O~ 

Ifycu IWrH.·~ -~;,.,-.r1~ ia lr:fer-""t:/O'QJn ,O'T'V'. :,f."r.A /td:)'J; rt-..,~~ f~,:O r~ i AX) ~ rJt•d ar,ao~ ftJ! m.:r.;twr, etiJ#~tf::(tJt;n 0Jth.rn1,d:,cu.a:af~. 
 Magell~n 
0 2016 Ma~ell;,n fleoi'fr.• Inc, AP ll.lgi,,s Re;erved. HEALTH~M 

http:tequest.ed
http:1-888-656-68.22
mailto:t'~@;t,cf~~~;.;:i
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State of .Alask~ Department of Healtb and Social Services, Division of He alth Care Services 

Submission Request Form for PharmaceuticalManufacturers 


FaK this request to: 1-88&-6S(H5S22 ATTN: John M::Calf, R.Ph. 

Note: P'rccesslngM:.y be Od;yed if lnfor=tion Subir,ittc<:! is Illegible or lncomple,e 


-Pdft~i_~~i~°iJlf~dJii~-~:is'~~-~-~br/.s#edt:i~·'t;~!i~-~/t ·'::_:·.:-·.:::_·:.'·:::~·.;t·· -~:-\: ;:;- :::._··>·:. 

Lifitegrast ophthalmii= solution 5.0%for treatment of dry eye cllsease: results of the OPUS·l pnase 3 .study. 
Sheppard JO, Torkildsen GL, Lonsdale JD, D'Ambrosio FA Jr, MeLaurfn EB, Eifennan RA, Kennl!dy KS, Semba CP; OPUS-1 Study 

Group. 

Ophthalmology. l014 Feb;121!2):475·83. PMID~ 24289915 


Ufitegrast, a Nove-1 lntegrin Antagonist for Treatment of Dry Eye DiseaS@. 

Perez- Vl, Pflugfelder SC, Zhang S, ShoJael A, Haque R. 

Ocul SUrf. 2016 Apr;1~2):i07-15. PMID: 26807723 


(b,,t;""1tiq,,ty»ori«:; 11,: t/oa,mom, OaDTr~ltlifl'J th{;.,.......,......, OQ,,r,,inco.'if',dffl (I,>/~"""" 1nfe<,r,;:1:>n !'ll:ll" I</Cq4Jr prW<gtc. lJY"" td~ ,¢<,;,, 

j,,r~ n:c-P!m\, ._'O!JOtQ,l Qnby .'lOt,f..:Jt tb«My tJ~(j~ r::=p1nr;,W,t:r6vtro.n, wc;ct.tM tok·~, in r.ibncc M rM&DrN.ro:::t c,f'r1i'1¥d~b 
:,><nd.7 ;;rchJblitd. If)'!JU l 'lW=<lr•d1th.It{"'~°"in e,rc,, plea~ nct/jj lb<: ,.,"11!1;, (Vlo r~tun)F,AJI)~ .f,tq;, o/ ondom,-,;• fr:r t,\e rm,m c;rd~!r<ldlal Magellan
QftJ,;,od-,,;rno 

HEALTHs.. 

http:wc;ct.tM
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Lifitegrast Ophthalmic Solution 5.0o/o versµs 
Placebo for Treatment of Dry Eye Disease: 

Results of the Randomized Phase III OPLJS.,2 Study 

Joseph Tauber, MD,l Pa~l Karpecki, 0D;2 Robert Lifkar.:1, MD,3 Jodi Luchs, MD,4 Joseph Mmtei, MD/ 
Kenneth Sall , MD/' Apama R.czychaudhuri, PhD.7 Valei'ie Smith., MBA,7 Charles P. Semba, MD.7 for die 
OPUS-2 lnwsdgarors* 

Purpose: Ufftegrast is an integrin antagonist that decreases 1-c:ell-mediated inflammation associated with 
dry &ye disease (OED). We report the results of OPUS-2, a phase Ill study evaluating the efficacy and safety of 
lifitegrast compared with placebo tor th& treatment of OED. . 

Design: A 12-week, multicenter, randomized, prospeotivej doubl&-tnasked, placebo-controlled clinidal trial. 
Participants: Adults aged ~1 8 years wfth use of artificial tears within 30 d;;tys, inferior corneal $taining 

score ~o.s (0-4 scale). Schbmar tear test (without ~ia) ~1 and $ 10 mm, and eye dryness score 2::40 
(0-1 oo visual analogue scale {VAS]). · 

Mf'l'lhod$: Su~eots were randomized 1:1 after 14-day placebo run-in to lifflegrast ophthalmic solution 5.0% 
or pl~otwice daily for 84 days. . 

Main Outcome M~ures: Co-primary efficacy end points were change, from baseline 10 day 84,. in eye 
dryness score N!iS, both eyes) and inferior oomaal fluorescan staining score In the designated study eye. 
Secotidary end points were ohange, from baseline to day 841 in oculardiscomfort soore {0-4 scale) in study eye, 
eye discomfort score f.vAS), total corneal staining score in the study eye, and nasal conjunctivat lissamine green 
staining score (0---4 scale) in the study eye. Treatment-emergent adverse events (TEAEs) were r0COfded 

Results: A total of 718 subjects were randomized: placebo, n ... 360; lifitegrast, n = 358 (lntent-~o-treat 
population}. Liflt~M:reated subjects experienced greater improvement In aye dryness than placebo-treat.ed 
subjects (treatment &ffact, 12.61; 95% confidence interval [Cij, 8.51-16.70; P < 0.0001}. There was no 
between-group difference in inferior corneal st:lining (treatment effect, 0.03; 95% Cl, -0.1 oto 0.17; P =o..6186). 
There was nominally significant improvement of secondary symptom end points among lifltegrast-treated ~ub­
jaots: ocular discomfort (nomlnaJ P ==- 0.0005) and eye discomfort (nominal, P < 0,0001~ There were no batween­
group differences on secondary signs: total corneal staining and nasal lissamine staining. More lifitegrasHreated 
subjects (33.7%) than placebo-treated subjects (16.4%) experienced OQular TEA.Es; no ocular iEAEs were 
serious. 

Conclusions: Ufitegrast met: the co-primary symptom end point (eye ctyness) but not the co-prim3!)' sign 
end point ~nferior corneal staining). Secondary end point findings were consistent with this pattern. fv1ost:ocular 
TEAEs were mild tQ moderat&; there were no une.xpected TEAEs. Lifltegrast warrants further coosidefatidn as a 
treatment fot DED. Ophtmlmofogy 2015;122:2423-2431 © 2015bytheAmericanAcademyofOphthalmology. This 
is an open access article under the CC BY-NC~ND llcansa (http;/lcreawecommons.org!ticenses!by~nc"f7d/4.0/), 

~ ~Supplement.al materiBl ls available at wivw.aaojoumaJ.org. 

Th:y eye disease (l)BD} is cltaractenzed by symptoms ofeye 
dryness aod disc:omfort and associated ocul<U' surf.ace 
:infl.ammatron. J Traditional treatment approaches in DED 
have typically included artificial tear substitutes, labricant 
gels and ointments, nutritional supplements, topjcal 
cyclosporine, c.orticosteroids, and punctal plugs. However. 
many patients witb PED contillue to experience symptoms 
despite tteannent. 1 

Ufitegmt is a 0011cl so:iall-molecule integrin antagonist 
that bl()Cks cbe interaction bctwren intercellular adhesion 
molecule l and lymphocyte functional anusen 1, inhibiting 
T-cell adhesion. migration, activation, and $nbse<J,tient 

cytoltine release and thereby decreasing T -cell-~e<liated 
inflammation known to be associated with DED.274 In a 
phase m study (OPUS-I). lifitegraBt ophthalmic solution 
5.0% adn.nn1ste.red twice daily for 84 days si~tly 
reduced inferior corneal staining score, the w-especified 
co-primary end point, comparoo. with placebo. However, 
then:. was no si.gnincant diifereni;:e be~ groupi\ in the 
co-primary symptom end point,. change on the :Vl$Wll­
~latc:d function subscal.e of a. sympmm scale. 

No mbmnum visuaJ.-relaEC.d subscale SCO{e was requji:ed 
for OPUS-1 eli~ty, and b~lln.e symptom severity was 
relatively mild. Evaluation of the OPUS-1 results kd to 

() 2015 b)' tt,~ Amcrl.can Acsdamy aE OphlltWool~y ltt;d/dll.doi.org/10. H.ll(tlj.Qjlb1bi1,2015.08.00J 2423. 
1:lil• le ~ otie£! zcess ~ IUldef the. CC IJY-N<:-:m> ~ lSsN 016)~~;1~
(ii.,lp:l/c:moriY<cc:nn1,11Ql\!S,OJg/ij<;eo.seifo;'-111l-Od/4.Q.;. !:'ublii~ l;ty .6Jlil'.vicr blc, 

http:wivw.aaojoumaJ.org
http:Supplement.al
http:8.51-16.70
http:placebo-treat.ed
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modifications in th.e design of Ol>US-2, including remowg 
the use of a controlled adverse enviooo.men1 (CAE)° as a 
screenmg method, requiring a nrininla.l bshold of 
disease severity at baseline o.o. the symptom co-prinuuy 
end point measure, and requiring recent use of ~ficial 
tears. ln addition, on the basis of the reliability and sens.i• 
t:ivity of the eye ~s 5COl:e (visual analog scale [VAS]) 
measure in OPUS-1, eye dryness was chosen as the co­
primary symptom end J?oint mOPUS-2. 

This repott presents the results of the OPUS-2 study 
evaluating tb.e efficacy and safety of litit.egrast ophthalmic 
solution 5.0% c~ w.itb placebo in the treatment of 
DED. Efficacy wag assessed bytheCQ~ end points of 
change, from baseline to day 84, in eye dryness score and 
inferior corneal fiuorescein st.ahting score. 

Methods 

Thi& was a 12-wee.k, phase m, tnlllticenter, ~ prospeo. 
tive., doub1,e..masJ.."ed, p~ parallel-arm study con­
oo.cted in1he United States (31 site~; 3-0 siies randomized sti.bjects). 
The study was Health Insurance Pmtabilil;y andAccountability Act 
compliant and adhexed to th~ ~13 of thci Declaration of Helsmlti, 
EUi.ics commi~appro-val vras obtained before study initiation. All 
subjects provided written infonned consent. Toe trial was regi;.. 
~ at ClirucalTrials.gov (idcnillier NCTOl743729). 

Subject$ 

All s~dy situ weN oolillilllnity eye clinics in the United States. 
Study participants were ider.Uified through st11dy sites' palimt da­
tabases or dnough tecnuting/advcrtising. 

Eligible participants were adults (aged ~18 yea.t'S) who bad 
-,.el{-r>-I)Qrted hlsrocy of DED, use of anmcia1 tears wichin d)..e past 
30 days, best-<:onected visual acuity of 0.7 lQSllrithm. of tho min­
imum angle ot reool.ution or bctkl, comcal ftuorescein staining 
sc«e ~2 (0-4 point scale) in ;::1 eye region, oo.njWlctival redness 
sco.re ?:: l (0--4 poln.t ~cale) in ~1 eye, e-/e <hynt3s ~~O (0- to 
100-J;Ki@ VAS) 'C':J)OrtE:d as a :single score for both eyes. and 
~·e response in 2:1 c::ye, &mnc,d as meetillg Che following 
criteria in the sam.e eye at both visus l and 2: inferior corneal 
ilnoresceiD slllining se«e ~0,5 and Schimler tear test (\\-ithout 
anestllesia) ~1 a»d ~10 nun. Subjects with seoondary Sji>,eren's 
sylklr~ wm, eligible to participate if Ih.ey we(e not ~ $)'5­

temic/ocufar sre~ds, were pot iinmtulodcfi.cimtlimrmmosap­
presred, and met all other mclusiOD and exclusion criteria, 

The following individuals were ex.eluded (mm participation in 
the study: women wjJ.o W~ Pft:snant Ot i:mght ~ -pNgnan1j 

VIBlt, V1$.il2 Vi&it3 
o~-14 DayO Day t4­

I • . ' @1 @ @ 
r ' IRond•tzatlon I 
I I 
I ' 

' ib.(J:sc with connindicat.i.ons or b,i,mensi.ti.vity to the i.&.vesf:iga­
tiomtl product, previous lifitegmst tbcnpy, u~ of topicalj medics~ 
lioo.s or anb.biotic:5 fur traatment oiblepharitis or meibo,nian gla;od 
d.ise115e, ocular heq,es, ocular infection wltl'Jo. the previ-Ot)$ 30 
days, blood donation or loss witbin the ~i.ous 56 days, orolat 
conditions or chronjc .illne$ tbat CQUJ.d .11~t swdy pa:rameters, a 
disorde.,: caosl.ng immunodeficiency, a history of1.AS]K ~ s±milar 
surgeiy within the previous 12 mondts, rusto,::y of 
~alun:un.wn-gan,:et1~~or cap-sulowm.y witlm the 
~iml$ 6 n,,i,~, <:>r kl\QWJJ histQI}' C1f alcohol or drug abase that 
migbt inU:tf~ \yjtb sWdy participation; those unwilling to dis­
wntinue wearing contact lenses during tbe study period; those 
using prohibited tnedicationli, in.duding tupical cyclosponne, any 
(llherc;phthalmfomedication, antihistamines, andaspirin during the 
l'f~udy washout period and study; and tbose wjtb. DED SfCOQdacy 
to scaning or des~ction of conjwlctival goblet cells. 

Study Protocol 

The investigational prodnct was supplied as a .sledl.e ool,uti.011 
containing 5.0% ~ with -0.2 .«IJ. iP eacll \lllit doi;c vial. 
Ttained study pecsonnel administered the smdy drug and per· 
foaned oss~~mcms. Ocular assessments such as stainmg ptO· 
cedmes were peri'onned by ~d smdy pbysici.ao.s. · 

Stlbjei:;t5 wc,:e :nwJomly assigooi to m:eive lifitegrast or pla, 
c;,cbo on the basis of a -1:1 ratio within di., randonm.a.tion stcata 
using peunuted blocks.. Randomization was centralized &croSB 
saidy C..."nta:s and .stnllifiiro by baseline inferior comeal tluorescein 
sWJJfu.g SQore in cbe study eye and bascline eye dcyness score. An 
interactive Web r~ system w:is used to facilitate subjeet 
1andomaatioii. 

Dim.ng thescreeDing period (days -14 lo 0), sabjects i-eccived 
twice-daily open·label plooebo admit"ijster:ed as a single eye drop in 
both e~ (Fig 1). 

During the ~cnt p.:riod (days o-84), subjects received 
twil»-<faily dQ8c:s oflifitegrast ophthalmic solution 5.0% orplacebo 
admilmtered to the ocular ,unace as a single eye d.-op (in th:: 
·momiog aod j!lSl before bedtime in the evening) in c:;ach ,;ye:;. All 
stndyl)et800.ricl ware IIlllSlood with rega..>d to treatment assignments, 
lnvestiganonal product paclcaging was smn~ sncn that Jifi.. 
regrast and placebo wc:r:c \fisuaUy indistinguishable. No subject,; 
were wuna.sked dud.Qg the study. 

Sits Btaff administered the first dose of randomized 111vestiga­
tional product on day O and a dose at eacb subsequent schedulfd 
visit in the inor:nillg, Subjcc~ sclf-adromitdi:lrcd fuc: .inv~gatioDM 
product fuJ: all other doses. Treatment compliance was assessed by 
reconciliation of used and u~eq iovestigan.0081 product vlals 
collected~$ubjE..--t$. N~~wee~ 111 a protocol 
d¢viation if >20% of expected doses sioce the last visit were 
missed CJI >120% of apected doses were talaln. 

Plin'lilry 

Vlslt 4 Er.dpalnl 

Day42 Day64 


I ' @> @ 
I 

' 
J' 
I 

Scraenlng 
( ) 

Fleoot>o 
, twice daf1y

l lltwb!~ l_ ___,....________.....: 
-----y------~ -yr------~-----­

Scn!e1*lg T~•v.nt 
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http:caosl.ng
http:ClirucalTrials.gov
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During the washout and ireatment periods, sv.bjects were pi:o­
hiblted from. using topical C'JCloSporin~ or any other ophthalmic 
medication, including e.rtifiati tears. 

Outcome Measures 
Efficacy paran\e1Cl:'S ~ assessed at each study visit (visit l, 
day ~14; vit1,it 2, day O; visit 3, day 14; -risit 4, day 42; aod visit5, 
day 34). These included corneal ffoorescein ~ (0 = oo 
staining, 4 =severe; 0.5-point increments; in (be supcrioc, c;mb:al, 
and inferior comeal unte&), ccnjunctiva.l lissam.i,ne gt."eeO !Staining 
(0"" nostaining, 4 = severe; 0.5-polnt io.~ts), VAS (a 7-item, 
subject-xeponed symptom index [0-100 scale; 0 =- no discomfort, 
100 = maxim.al dist()C;)fortJ !hat includes ite~ fot eye dzyllC8S and 
eye di5C-Ornfurt), and ocuJar di$comfoxt gnided by the subject 
(0 = no discmn{ort, 4 e::: S(:Vc:t'e disco.tnfutt). Por each subject. the 
eye With the 'l\'Otit (b:i.~) mftlrior comea] flllOJ"eSGClO staining 
score at da.y - 14 III\d day Owas designated the study eye. 
~w-primazy efficacy end points were the eye dryn~ scene 

(VAS, reported as a single score for both eyes) me~ t>y m~ 
change from baseline to day 84 .and in{l!;dox ~ fluorescein 
~ ing scareme3Sllred by mean cbang(: from bascline to day 84 in 
the designated ~~ eye. 

The serondacy efficacy end points were change, ftotn beseline 
to day 84, in ocular discomfort SC01'I! i.n lhe dc!ignatro study eye; 
eye: discomfort score (VAS, iq,ortcd as a single score f.ot both 
eyes); tQW. co~alstaining score {derived sum ofsuperior, coomtl, 
~ infc:riorcome.al fluorescein ~g~oICli; 0~12 points) in the 
des.ignated 'Study eye; and nasal conjunctj,yaJ. llssai.ni.tle ~n 
stainiug score in the designated Sllldy eye, 

Advorse events (AE!;) rec~ after the first randomiz.ed dose 
of i.nvestigatiol)lll product were considered treannent-eme,:sent 
adverse e\lents (TEA.Es). The investigators as~ adverse 
events for severity (mild, 1:1:1.odetatc, .!llid severe). 

Smtistical Methods 
Saniple si~ w.as calculated as follows: foe the: primacy ocular 
symproln. cbange i;\ eye dt'ypc;s$ score, a 10.0-uoi.t difference b~ 
tween ~ltncnt sroops in mt:aD change from b~llttc to day 84 
and II rommon stmda:rd deviation (SD) of 40 units vrere assw.ned 
on di.-. basis of fi:Ddin,s &om tile pn:vious phase m ·lriitl.5 J?or the 
primary ocular sign, change in inferior corneal srainlng, a 0.25-ot.ili 
dlifei:ence, and a comD1<>11 SD of0.95 uni.ts, wete as.smrt.ed, again 
()J) the basis of earlier srudy n.ndiog$. Under both assumptions, a 
sampJe size ofJSO per ~ would yield >90% power to show a 
significant di.ff.eicnce at the a; "" 0.05 level under a 2,-sample t test. 
~ randomized population included all randomii.ed subjects. 

The intent-to-trear (l'IT) population md the safety population 
included a ll~~subjects who received ~1 dose of inv.es­
1i_ga±j.oniu product. The m population ....as the primary efficacy 
analysis population. Ao.aJ,yses conductild using them populatit,n 
were based on trea.tment assigned. whereas an~ conducted 
\18tng the safety popol.alion. Wete b$:sc:d OIi treal:lllent received. 

For efficacy data, subjci;ts Wc::(C itnilyw on obsw.-ed data or 
last observation caoied fu1\'la.td (LOCF). For 3llalyses based on 
LOC.P, data w~ hlen from the last post-baseline dirte that data 
wen: collected. 

For ro-prlmary ef&,icy end1»• i:acli analysis was penoaued 
usmg a stratlti.ed 2-~plc. t test (using an anal)'$is of variance 
{ANOVAJ model) compadns lifiqrast with placebo in the m 
,:,opulation wi.lb LOO,. The ANOVA model include.cl IRatment, 
strata, ao.d theimeraction between treatment !U)d sl:tata. The sttatined 
2-smllp1c: t test was done in PROC MIXED in SAS (SAS Imti~ 
Inc, Cary, NC) Via the Ls.MEANS sttmment ~Jh lhe 00$Cl.'Yed 
margia.s (OM) option 8!ld we:igbts propoltiooaJ. to sttati.iJn Sffllple 
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site. Statistical significance was requ:i;(trl fur both co.-pdmmy emf 
point! to test the secondaey end pomlli. Therefoce, no adjll$lent for 
mulripijcicy was :a~ fur the vt>-primary end points.. . 

Seeondary dficacy end l)Oi,nts were al)'l]yzed usi1lg tho same 
ANOVA JD(XkJ as fur the co-primacy efficacy end pain~. Hoch-, 
bag's procedure was applied to control 1he type I em>1' $eat tbe 
5% le~ acroS3 all secondaiy end points. : 

The incidence ofocular and~-• TEAEs was tabulated by 
treatment group, system o,;gan class, and ll(derred term (Medical 
Diclionacy fur Regulatory Actlvities ve,:si.on 14.1; MedDRA 
MSSO, McLean, VA). 

The original studyprotocol was amended oo;;(: oo Stp6,mber6. 
2013. The srudy <>bjcctiV'cs iW.d i.fficacy outcome measures wete 
up4a(e(l to clarlfy that they would be measiued in tbe de_sjgnated 
study eye, where appropriate, and be measured as the chailge from 
basdm.e to day S4 rathe-1 than as the day 84 si:ore. 

Results 

Subject Disposition 

A tom! Qf 1455 subjects were Screened. representing 14:50 unique 
.stlbj~ (Fig 2). Of tbe screened $Ubjec~ 551 did not enter the 
placebo nm-4n period bccagse of screening failure, and a ~ 
l 78 subjects were not randomiz.ed aftet the placebo nm-iB period 
because of screenwg ~ . 

Tbe n::maint11,g 718 subjects were randon:lized, 360 to placebo 
at.d 358 Co lifit~ (rtt population). Data fiom each of these 
subjects were included in the efficacy SDalysis. A total of 49 
subjects (12 in the l)l.acebo group and 37 in the Iiji~t gtoup) 
discontinued treatment before day 84. so tbe.if dam wece anal:y;t.ed 
~aLOCF. . 

A total of 'J:1 subj«:ts, 13 mthe placebo group and 14 fo the 
liiiteS}:8lrt iCOIIP, were randomized hut 12.ler found to not have 
met all inclusi<nl/c;,tclusion aiteria, primarily ~ense washout 
dates ofprevious medicaticns could not be confutned. All'of these 
subjects wc,;c J!Mct1~ by the sponsor and altowe.1 to cominue 
piu:ticipilti.on in the study, and they were includc:d in the study 
analyses. 

One svbject was assigned to the placebo group bm recei\·ed 
litlteg:riUt via an incorn,ct kit at day 14 and was djsco.nti11.ueil fu:>m. 
tho study. This subject was mcluded ill tbe li~gIOOp fur tho 
safety popul.11ioo, but in the placcl,o group for the randomized and 
ITT popuJatiOlls. 

The first snbjecc was raodoroaed on :Dc¢e.."11ber 20, 2012, and 
lhe last subject's l2$t \/j.$jt Wa& oo Ociobel' 1, 2013. 

Baseline Characteristics 

Ba:scline characteristics were siG1ila( between treatment fµ"OllpS 

(Table I). Subjects' agc:s tanged from 19 to 97 years, wj~ a ineao 
(SD) age of 5&.8 (14.09) ~- The .8);).joricy of subj~ were 
female, not Hispanic or Lanno, ai,.d wm.ie, Toe !.'l\0$1 ~ommon 
im colors were brow~ and blue,. 

Toe mean (SD) infi.rlor corneal staining scare at baseline was 
2.40 (0.722) in theplacebo group and 2.39 (0.763) in. the ufitegl'38t 
group. The mean (SD) eye dzy»es.s sco.ce at baseline was 69.22 
{16.761) in lbe placebo group and 69.68 (16.954) in the lintegi:ast 
group. To promotebalanc~ of.®~assi~ a.;;ross 1>aseline 
severity, taQ4oati:plijc;,n w~ ~tratified .by inferior 001'fl43} fluo­
rescem stami.tlg s~ (~1.5 or >1.5) aud eye dcyn~s seoie 
(<60 or ~60) in the study eye (Table 2). Most subjects (57.0%) 
had an inferior coi:oeal ~5ecin ~ score >l.5 and an 
eye dryness scoxe ~ lit randomization. 
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Asse~ for eligibilit'J (n .:i: 1455) ] 

I Exck.!dad (n = 73n 
• Did not start placebo run-tn periOd (n = 557) 

~ • Not randomized after placebo run~i.n period (n ;,, 178) 
• Records represent second randoma:ation fur 
a subject (f'l "'2) 

Randomized (n - 718} I I 

, 

1 • 

Allocated to placebo (n =i 360) ~llocated to liflb:lgrast (n "' 358) 
• Received aUoca1ad intervention (n "" 359) • Received allocated intervention (n ;:; 35B) 

, l 
Discontinued intefVefltion (n "' 37) 
• Adlf€rse event (n "' 26) 
• Lost to follow-up (n =2) 
• Noncompliattee (1'1 = 1) 
• Other (n = 8) 

' 

Analyzed (n l: 358) 
• Completed study (n "' a21 j 
• Discontinued study; data analyzed via 

LOCF (n=37) 

Fq:ure :Z. Pw:tl.dpant II.ow. 11te toea1 i;creming couo.c of 1455~Jeccs !nd.u&s 1450 unique ~ubje:c.m.. 0Q.e (II.I~~ sl.S$~ed to th~ plact>bo ~. but 
tttd.va:I ~~ vi.a m ioootmo: kit ac day 14 ,it;,! ww dm=.tin=l from the 5rudy. This 3'..lbj= wl<! ir,c.lui;l.ai w. tl.w. ~ group for the sakcy 
i;,opi.d:it(on (pfa~bo, .359; Im~ 359), but In. the t:>lac:.ebo group fur the randomi..oed a,:14 l,,.')t£tl.HO..q,!at populations (placebo, 360; liiiugmt, 3SS). 
lOCF o: last observ:!tton. ~d tO?Watd.. 

Disconfinued intervention (1'1"" 12) 
• Adverse event (n :,,: 3) 
• Lost to fol!Qw-{Jp (n "' O) 
• Nor,compliar!ee (n = 0) 
• Other (n ­ 9) 

~ 

Anal~E!d (n - 360) 
• Completed study (n = 348} 
• Discontinued study; data analyzed via 

LOCF (n-12) 

All subjects bad an ocular medical histozy of 000 (the primary 
<H~osis). Other than the. primacy diagnosis. the most common 
(> l0%) occmreoce.s in ooulat medica.t histruy were cataract 
(35.0%), cataract ~ation (14.9%), blepbariris {11.3~). and 
LASIK (10.9%). Within nanocular ~ b.i~Q', the most 
COJWllon (>10%) occll!re!1ces were bypc1t!;JfflOD (37.9%). post~ 
menopause (29.4%), h~my (19.8%), g.as~al 
reft.ux, dis~ (17.3%), menopause (15.6%), hypothyroidism 
(15.5%), depresslol;l. (l4.S%), (.}J:u.g hypec5ffl8itivity (14.3%), hy­
pm:holesterolemia (12.0%), and hyperlip.idemia (10,4%). 

OveOlll, 5.2% of subjects took concomitao.t ntedicatioos fo1 
ocular health, most commonly D.$h oil Witb minerals or vitamins 
(1.0% of subje<:1$). Most (83.8%) subjects took conoomitaot non• 
ocul2l'.' mc!dicatjqm, lll<}$t commonly acetywlicylic acid, vifamins, 

choiecalcirerot, and fish oil. The p~ortions of subjects using 
particulal.'. oonc»m.itmt medications were generally simi.lar betw~ 
tJ:e8tmeilt groups. 

On ~ basis ofinvestigati;)nal product vials returned, 95.5% of 
placebo-treated subjects and 93.0% of lifitegrn.st-tr~ted sn~ 
were oonipliant wi1h slUdy treatmenL 

Efficacy Findings 

Fo.r the ~ eflicacy ~ poiu.l Qf ~ dryness (VAS), the 
mean (SD). cbaoge ftoro bascfui;: to day 84 with LOCPwas:-22.75 
(28.600) :.moog placebo-treated subjects a..-id -35.30 (28..400) 
among lifitegrast-treated $Ubjects. Th¢ trt:atmcnt dfcct was 12.61 
(95% confidence~ [CIJ, 8.51-16.7~ P < 0.0001) (Fig 3). 
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Table I. Demographics of F.andomi2ed Population 

Cbaracteri$tic 
Placd!o 

(n .,. 360) 
l.mtegrast 
(n - .158) 

All S"bJe<;ts 
(N <i: 718) 

~(~) 
Me.m (SD) 58.9 (14.26) 58.7 (13.93) 58,8 (14.09) 
~75 rra old, u (%) 

Femak :1a, n (%) 
ld~pam,:. ot Latino ethnicity, 

.ll (%) 

42 (11.7) 
265 (73.6) 
64 (17.8) 

39 (10.9} 
2.85 (79.6) 
79 (22.1) 

81 (11.3) 
550 (76.6) 
14! (19.9) 

lt.ace, n (%) 
A.5\ac. 
Bbck ex Mi.can Amm:an 
Wh.it:c 
Ot:her 

14 (3.9) 
34(H) 

3-05 (84.?} 
7 (1.9) 

19 (5.3) 
30 (8-t) 

303 (84.6) 
6 (1.7) 

33 (4.6) 
64 (B.9) 

608 (M.7) 
u (l.6) 

SD "" standam dfSn_i:iQ:o.. 
Pcm:otBgcs aR base.:! on me number ofsubjt:di; ~ ­

:Pot the co-primary efficacy end point of inferior coro.eal 
staining, placel;)o-treatcd subjects bad mean (SD) ¢min~ from 
baseline. o{ - 0 .71 (0.943) compared witb. - 0.73 (0.926) among 
lifitegr.ast-treated subjects. No bet'wmi·UOOP cljfwence was 
observed (~I dfeict. 0.03; 95% Cl, -0.10 to 0.17; P = 
0.6186). 

A post hoc analysis ~ on the ITT populati()I). w1tb. ob:gqytd 
data fouml tb$ the treatment effect for eye (hy.nc:ss at day 14 'l't-as 
o.67 (95% CI, :3.0S-10.30; nomilw I' '"'0.0003) and at day 42 
was l0.63 (95% CL 6.71-14.55; nominal P < D.0001). 

Per the stalisti.c;il methodology of the study (descn"be<I in the 
"'Method$" section), statistical significanc,e ~ be declared far 
the sccondacy end poi:.'l.IS be~ ,mly 1 of the co-pnm.ai.)' e.nd 
point :findiogs is :1,~Cfllly significant. Therefore, P values re­
p<>l'Jed for hyPQili,oruJ testing of secoodaiy efficacy end points are 
referred to ~ nonri.DaJ P values.. 

The mem (SD) cltange in ocnlar discomfort score from basefu\e 
to day 84 with LOCF was -0.57 (1.354) among place~ 
sul;ljeet$ and -0.91 (l.2&0) among lifite8(&St~kd subjects. 
The treatment effect was 0.34 (95% Cl, 0.15--0.53; nomioal 
P "'° 0.0005) (Fi,g 4). 

For eye discomfort score (VAS),~ ~111:,jtcts had 
mean (SD) change from baseline <,f - 16.73 (31.207) compared 
with -26.46 (31.238) imll)ng lifiqxast-tteared subjects. Toe 
ttea!D)ent effect was 9.77 (95% a , 5.27-14.28; nominal P < 
0.0001). 

The mean (SD) change in total corneal fluorescem •oiug 
scare from baseilne to day 84 was -1 .49 ('2.097) ~ pI~b()­
~ $Gbjet:ts and - 1.62 (2.043) amoog Jifitegnm-1:reated sub­
jects. The tteatment effect was 0.14 (95% CL -0.l6 to 0.44; 
nominal P =0.3711). 

For nasal lissamine .siaining score, pJ..llcebQ.tt:(l:at(;d subjects had 
ntc!Ul (SD) change fro,n ba,sc:Unc of - 0.27 (0.805) compared 

Table 2. ~ .bcf ofSu.bjects in Randomization Suara 
{Randomu.ed PopuJarion) 

P~bo L~ 
l',:,~,:C~ E.,e Drvnes8 (n = 360), (n = 3S8),
Score at 'B.a5eli,:w! ~at&sclinc n(%) n {%) 

~ 1.5 <60 23 (6.4) 23 (6.4) 
~60 29 (8.1) 31 (S.7) 

>15 <60 99 (27.5) 100 {27.9) 
~60 209 (58.1) 204 (57.0) 

wi.cb. -0.25 (0.850) amCJDg 1i1itegra.si-~ $11bjects, The treat­
~ ¢ff«'!: was -0.02 ~5% CJ. -0.14 tu 0.10; nominal P ;;:; 
0.698'2). 

Safety Findings 

lb~ m~ (SD) duration of treatment was. similar between treai­
meot gro~ (placebo, 82.1 [8.79] days; lifuegrast, 78.2![l7.87J 
days). 

A higher l_)el'centage of st1'bjcoti; in the lifitegrast group e.peri­
~c.d TEAEs and ocn~ 'J'E.AB3 ltMIJl in dte placebo group 
(fable 3) . The .li..f.itt,grast group had a higber fr:equency of.sul:,j¢ct; 
wilh oculat 1EAEs ronsidei-ed po:ssjbly O.t probably related to the 
mvestigational product (l l.1% IIJ:ld 17.3%, RS_p«:lively) than the 
placebo gr:.oop (7.8% and. 2.5%, ~ely). 

A. t«al. I]{ 29 subjects had TE.A.Fs tbat led to treatment 
dis~ation: 26 ofthese were in the liiitngnist g:rO\lp. The most 
common ocular TEAE$ thtu: loo It:> tre~ discontinuation \vete 
insiillation :site ii.'ritatioo (n ;,., 5), eye initation (n =4), a.nd blo­
f)baritis (n =3). . 

Seven subjects had serious TEAEs (ph\cebo, n ""'4; lifiteg:rast, 
n =: 3), all of which were considered not related to the investiga­
tio:aal product and resolved (except bllldder cancer [placebo gr011p] 
(\'ith an lllllnown outcome). No SmQU~ OClllar TEAB&occurred 
daring the ~Y-

Toe n:\Qst common TBABs were reduced v.isi.lal. ac.1i.cy. instil­
lation site i.ttitalion (butJ:).ing:), instillation site reaction, and dy~ 
geus.ia (cboo.ge i.o. taste sensation} (Table 4). Jncjdence of all 
~ord(:d ocular TBAEs is repm:ted j'jJ. Table 5, .lllld incidence of 
all J'IOlloctt.bt TBAEs is reported in Tab.le 6 (evailabte at 
www.aaojoumal.org). 

Except fut visDlli acuity redw:ed, alt of these T.EAEs were 
coosidc:redpossibly or proballly ,:e)3(.cd to the investigatiou:product 
by the investigatQt. 

Most of the ocul11r and nonocul.ar TEAEs in both ~ 
group! we,;e mild to moderate in sev.c:.."liy. Si.lt "1,hjccu; had ocnlar 
l'EAEs considered severe, all ui. the l.iflt¢grast group; in5tillatioa 
site iniration (n =.2)., eye itribro.QI1 (n = :3), and instiUatiO)l site 
t:eaCti® U\: =1). 

Overall. 41 s'libj~ts (placebo, n =23; llfitegi:ut, n = 18) had an 
ocular TEAE ofreduced visual acuity, 12 sabjects (placebo, n =2; 
.lifitegrest, n = 10) had an ocular 'lEAE of b:tumd vision, amt 1 
subject (lifitegraSt) had an ocular TBAE of visual impal.tro.ent. All 
of th¢.Se TEABs were nonsecious. and 4 of tb~ TBAEs led to 
treatment discont:i.l\llB!ion: ..-iSll.al acu.ity n:dlR:ed ( n ,o;: 2) and vi.sron 
blun-ed (n == 2). 

Dry eye disease is a sym.ptolliatic diSQn:ler a.&so~ with 
chtonic ocular sumce inflamma.ti.on. The 0l'1JS·2 evalu­
ated li:firegrast ophthalmic solution 5.0%, a novel investi• 
gatjonal integrin antagonist. in improving the symptoms 
and signs ofDED wben. aclmi.nisrered topically twice daily 
for 12 weeks. The OPUS-2 dem.oo.st:i:ated th.at lintegras.t­
treated si;ibj~~ experienced significantly greater improve­
ment in subject·J~o,:ted eye dryness compared wjth 
placebo-treated subjects. These findings we.re supponed by 
similar outcomes for ocular discomfortand eye discomfort. 
To our knowledge, this is the first pivotal stndy ~ meet 
the prespecifte(f symptom end points in a t)ophlation 
withDEP. 

In a post hoc analysis Qf OPUSM2 data. the treatment 
benefit of lifitegrast over plac.ibo fQJ' the symptom 
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EyaDrynES 

· ­ Placebo 
- Lilitegra!l\ 

lnfwior COrnaal Stilining 

-...-... I r-----·~- l 

..6()..._____________ 
-1~ . ..._ ..... ~~...........,..~~~-...,.........~ 


84 .M 14 42 8484° 14 

Study~ (LOCF) (LOCF) 

F~rc3, Co,piimmy d5cacy md point results (intentrro-t:::e3tpopul:it\(l(lj. G.rophs ~hO'W °'-~data and endpoint with lastob..«trvation carried fonwni 
(LOCFJ. SE = sc:mda.'tl a;tl)t, 

co-ptima.cy efficacy end point, eye dryness score, was 
observed at day 14, the first post-tieattneotvi.sit, .md steadily 
inc~until the last visit at day 84. A longer-tern) study js 
wauanted to evaluate the potential for prolonged b¢nefits 
beyond 12 weeks. 
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l 
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We believe the subjective outcomes in OPUS·2 are 
highly clinkally relevant. On the basis of prior di}' eye 
surveys COOOl.lCted with the Dry Eye Questionnaire, dryness 
and d.i.$corofo.n tend to be the most consistent and wom 
symptoms reported by patients with DEP; th.ls secved as the 
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Placebo (n == 359}, n {%) l~ (p. ""' 359), ~ (%) All Suhjccb (N "" 718)1 D (%) 

5ubj,:,;t:1 with ~l ocular or MJlOCular 1'BAE 
O~l:;,,:TliAE., 


Mild 

Moderate 

Scvcic 


Nonoculat TEAEs 

Mild 

Moderate 

Scvcic 


S:lbJeca with p<mihly or probably drug,-relarzd T£I\Es 
Oaila1: TEAEs 

Mild 

Mod~~ 

SevetW:: 


Nonocular TfA& 

Mild 

Moderate 
Sc~~ 

Subj~ p,:em:aQ.•~li' witMra~ because ofTEAEs 
Ocular TEAfa 
Nonocu.lar TfAEs 

Subjects with .ei:iO'.l! TEAfu 
Ocular TEAEo 
NoMOJlar TEAE.s 

Subje«s wlth a 'rEAE i=.lting in death 

92 (25.6) 
59 (16.A} 

11.2 (47.9) 
121 (33.7) 

264 (.36.8} 
180 (!5.1) 

47 (13.1) 84 (23.4} 131 (18.2) ; 
12 ('.JJ) 31 (8.6) 43 (6.0) 
0 (0) 6 (1.7) 6 (0.8) : 

45 (125) 
28 (7.8) 

96 (26.7} 
53 (14.8) 

141 (19.6) · 
81 (11.3) 

14 (].9) .35 (9.7) 49 (6.8) 
J (0..8) 8 (Z.:2} 11 (1.5) 

41 (lU) 
37 (10.3) 

142 (39.6) 
1()1. (28.i) 

183 (25.5) 
139 (19.4} . 

28 (7.8) 67 (18.7) 95 (13.2) . 
9 (Z.5) 30 (SA} }9 (5.4) 
o(o) 5 CU) 5 {0.7) 
6 (1.7) 
5 (1.4) 

70 (J.9.5) 
39 (10.9) 

76 (10.6) 
44 (6.t) 

1 (0.3) 2~ (7.8) 29 (f .0) 
0 (0) 3 {0.8) 3 (0.1-) 
3 (O.S} 26 (7.2) 29 (4.C) 
Z (0.6} Z3 (6.4) 25 {3.5) 
l (0-3} 6 Ct.7) 7 (1.0) 
4 (l.l} 3 (0.8) 7 (1.0) 
0 (0) 0 (0) 0 {O) 
4 (l.l} 3 (0.8) 1 {l.O) 
0 (0) 0 (0) 0 (0) 

Tn:annent-emergeat advet?e ~18 (TEA.fu) aee Jdind llS adv~ events that occur &fur the start-Of ra.ndool~:! ~;l(QJ.l:'.l:lt; Wt:>nt~erity=d (fa ru~ 
had muhiplc advcm: evems ill a group. Subj~!:! wcrc counted once pct category t'!!f a:eat1-en.i;. MediQl Dlci;!otwy fur~!..to!}' Ac.d'liti~ vcoion 14.1. 

$cienti6.c i:ationale for the selection of the subjective end 
points in OPUSP2.1-to ~ the sympt<Mnatic 
treatment benefit observed with lifi~grast was ieplicated 
across 2 different p~ometdc .insttuments, the VAS. 
(which measures holistic impxessic:ms in respome to the 
prompted letm) and the ocular discomfort scoie (which 
nwasutes the symptom in the specifib study eye), suggesting 
a e-0ns.iscent and broad response. Because ~bjeots were 
prohibited from using any other ophthalmic medication., 
including artificial tears, during tb.e course of the study, the 
s)gruficant improvement in. symptoms can be attribul-ed 
directly to tre~nt wicb lifi1egrast. 

Although OPUS-2 :met its symptom co,-primaiy 
end point, subjects treated with lifitegrast, coropa:i:ed with 
those. reee:ivir:~g placebo, did n.ot demonstrate sigm.fican.t 

reductions in inferior corneal struning or conjum;tival 
stwxting parameters, outcomes that were observed in the 
prior OPUS-l.:1 In thac study, tifitegrast--tteatcd subjects had 
greater improvement .in .inferior .corneal staining score than 
placebo,.~ated subjects (P =0.0007).5 However, OPUS-1 
did not meet the symptom co-primaxy end point. The 
disparity of the observed outcomes between the 2 studies is 
likely due to several factots, including but not limited to the 
multi.factorial nature of DED, differences in experimental 
condi,tions an.d subject selection criteria, and, most impor­
tant, the discordance ofsigns a.nd symptoms J.n DEP both in 
.severity and in response to t:realmenl. 

The ove.rul design of OPUS~2 was similar to that of 
OPUS-1s with 3 main exccpti,ons. Fun, in OPUS-1, subjects 
were screened using a CAE,6 where~ in OPUSw2, subjects 

Table 4. SI.Im.In.al'( of M06C Frequent (>5%) Treannenr:·E~ent Ad~e Eva:i.ts (Safety PoJXJ;lation) 

SV'$(e1n ~ CW$ Prdc:rn:cl Term Placebo (n = JS9), n (%) llib:;rast (a "" 359). n (%) Ai Subjects (N '"" 'HS), Cl (%) 

Sub~ with ~1 ocubr TEAE 
E,-., .l.irotd~lli 

Reduced v/.s,d ;.t;.uity 
Gl:llcral disorden and ~~Ion $It,: r::zJnditions 

Lm-illatii,n ~itc irtit:l6in 
lnmll~d.oo. 6ltii reaction 

Sub;tcts wlih ~l not1oeular TE_.1\E 
Ncrvou5 ~m dtsoalel'$ 

D;$gema 

59 06.4) 
47 (13.1) 
23 (6.4) 
11 {3,1) 
5 (1.4) 
4 (t.l) 

45 (12.5) 
11 (3,1) 
1 (0 . .3} 

121 (33.7) 
85 (23.7) 
18 (5.0) 
57 (15.9) 
28 (7.8) 
25 (7.0) 
96 (26.7) 
63 (17j) 
58 (l6.2) 

180 (25.1) 
131 (IM) 
41 (5.7) 
68 (9.5) 
33 (4.6) 
29 (4.0) 

141 (19,6) 
74 (10.3) 
59 (8,2) 
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were scrunoo mthe natural envirorunent. Second, OPU&1 
did not require a mi.nimum seve;{ity of the co-primary 
symptom end point for ell(()]JJ;nwt, wbexeas OPUS-2 
required a minim.um eye dryness $COi'e ~40 at baseline. 
The combmation ofthe use ofCAE and i,o l)reset symptom 
thres.b.old :i:esn~d in OPUS-1 e:nrolling subjects with dy­
narnic ocular .sjgm. and mild to moderate symp«nns. Thud. 
in OPUS-2, subjects wr.,.e .i:eqoired to have recent use of 
artificial ~ar:s. which increased the probability of enrolling 
subjects who were more sympttnnatic. As a result of these 
diffen:nces1 OPUS-2 enrolled subjects with moderate to 
severe symptoms as assessed by baseline inferior corneal 
staining SCOl'es (0.J>US-2, 2.40 points; OPUS-1, 1.83 points) 
and eye deyness scores (OPUS-2, 69.45 points; OPUS-1. 
40,9 points)/ using a general definition of mild to 
inoderate of <2.0 points (4-point scale) for corneal stain­
ing and ~40 pob;it.s on ~ VAS (0-100 scale). 

There may be a bi.ologiQI. basis for lhe observed out­
comes for tbe corneal staining c:od pojnt i.o. OPUS-2. Poc 
subjects with advanced comeal staining at baseline, there 
roa.y be underlying oomeal epithelial de:fe.cts th.at .i:ncrease 
the d:ifnculty ofdemonstrating lifitegrast treatment r-esponse, 
whereas the drug response is readily observed in less­
diseased corneas whet& theie is suflkjent capac.ity for 
epithelial reva.u- and recovery in the presence: of l.integrast. 
lo $dditioJI, the use of artificial tears, a requirement fol; 
enrollment mOPUS-2, may have reduced the prevalence of 
minor damages in corneal epitheliU.ttJ, making an effect 

12during the :study mo.re di{:{icJJlt t() detect.11·

The vast amount of data. geoented by th.e lifitegrast 
clinic;ll studies provide further evidence that signs and 
symptoms function independ2Mly rather than inttrdepen­
de,uly. 13 Thi~ lack of interdependency remains the core 
issue that bas plagued DED researchers over the past 2 
decades using co-primary end point study designs-. 

Ute safety profile of lifitegrast observed in OPUS~2 W&S 
similar to that in ~lierclinical studies oflifitegrast.5·l<l The 
m~ coro.m.ooly t"e.pOrted TE~ associated wilh lifitegrast 
were ocular i.n.st:illari.on site symptoms {e.g., irritation) and 
dysgeusia (e.g., aho.oanal taste). Most oculal' T.EAF.s were 
mild to moderate in severity. and there were JJO unexJiected 
or unanticipated ~- There were no reported ocnlar or 
dJ:ug-related serious lEAEs. Th.exe was no evidente of any 
localized ocular or systemic immu:nosuppteSsive compl.ica­
tions. Overall, li6tegoist seemed to be well tolerated when 
adromi.stered twice daily fut 12 weeks iJt this study. 

Study Limitations 

Limitations of OPUS~2 mcluded selecting only subjects 
actively using artificial tears, limitin_g l:(eannent duration (0 

12 weelai, and excluding subjects with known active lid 
margin disease. The rationale to limit subject selection to 
active artificial tear users was based on tb.e 35$umption that 
subjects with significant DED symptomatology 'Were moi:e 
likely [O bo U$i.ng anmc.W tea,:"S than subjects not 8.ciivcly 
u&ing artificial teats. Howcvc;r:, lb.is is arg).lably an imprecise 
indicato,- of active DED because su~{ects may use .artincial 
tears fur reasons other th~ DED,15• ~ and convemcl.y, the 
study may ha-.-e exc!uded subject!! with advanced DED who 
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bave given ~ osing ot never U5ed atti.ncial td,s on a 
routine basis. Efficacy outcomes for lifitegrast bcJond 12 
weeks ba.ve not bee.11 evaluated Given that DED is a chronic 
oond,iti.o.o. ~ mjly tequi~ kmg--~rm use of .medication. 
additiooal long-tmn stwiles ;u-enecessary,&ally, ~e study 
population comprised primarily .subjects w.i,tb. aqneons­
defi.cient DED wJd specifically excluded subjects wtth 
active lid roBrgin disease. Although many subjects with 
DEO have mixed components of both lid :m.afgi.n :disease 
and aqueous--dwci.eot DED. the role of tifitegrast in man~ 
aging the inffatrunacory compoD.eJ:Jt of predominately mei~ 
bomian. gland disease b.as not yet been evaluated. , 

In conclusion, OPUS-2 dentOllstrated that lliitegrast 
ophthalmic solution S.0% significtttly .impn:ived symptoms 
of eye dcyness in subjeclS treated twice daily for 12 we.clcs 
compared with placebo. In com.tr.i.nano:n m.th eailier studies 
showing that lifitegrast decreases corneal epitheliopathy,5•1

4 

lifi.tegrast holds promise as a novel integrin antagooist for 
the treatment of both signs llll.d $J.tnptoros of DEP and 
wamml:8 additional investigation. 
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Lifitegrast, a Novel Integrin ® ~~~wk 
Antagonist for Treatment of Dry Eye Disease 

Vtcroa L PEREZ, MD> 1 STEPBm( C. PFr.uGJ?lll.DIU\, MD, 2 Sr.aVEN ZHANc, MD, PaD, 3 

AMIR StiOJAJil, PHARMD, PHD1 3 

AasrAA.ct The etiology of dry f!/& disease (OED} is (.Dm­

~lex and not yet fully ""~rstoodfb\lt the disetie i:. now 
reco9hi1.ed cl$ btung assodated with ocular surface rnflam~ 
matian, The late-i;t advances In the understanding of the 
pqthophysiology of DED have dlre<:ted the focu$ of recent 
drug development to target the Inflammatory pathways 
involved in the disease. IJ6t~rast ls a noveJ :.mall molec:ul& 
integrin antagonist that Inhibits T cell-mediated Inflamma­
tion by b!Qdcing lhe blnct.ng of two lmpon:anc cdl surface 
prot~ins (lymphoqte funcUon,,,assodated antigen 1 and 
inter~llular ildhesion 1110Jecuee 1), thus lessening overall 
inflilmmatory l'@Sp<>l1Sf!$, this mltew hlghltghts. the role of 
T cells and lntegrlns In l'he intamliJatory p,acess involwd In 
the pathophyslol09)' of O.ED ahd outlines the scientific 
ntionale for the role oflifitegrast. '" ~ion, the preclinical 
development. ph.\lrmato(Qgical propenies, drnlcal efficacy, 
and safety of lifitegt1ut are ditsoibed. 

A~ted {o;: J.)Ublkation Jamwy 2016. 

From the Joculst Smiiice CeQ,te;-, Ba:;com hl.m~ B}<e To.stitv.te, ~ 
ofMiami MiJJa- SchoQ!. ol. Medicine, Mwnl,. FL. 20c:war Sm:iac;,:: Cmtcr, 
.De~1t of Ophtlmlmology. Baylor ~ of Meilid.n.e, Houston. 
'l'X, and •Shi.Te, l::xington, MA.USA 

Shin! pro'liiwi 6.:ioding for medical writmg assistan= The authors had re­
6poaiibility for the aillect:io.o, ~ and ilrtc:!pretatiob .if source articles; 
the "'"tiltng oflhe~ll8ffll)t indthe detiSion to mbmit th~ m..mlliaipt for 
publicatio.Q. Shite rfflew~d the man~ for .ioem:acr. 
Dr. Perez ie .a scientific a.d'l"lsor for Shir¢. Bauseh & Lomb, ~ . and 
Elevm Biotbe:i:apeutics. 

br. l'dugfekw jg a i::or1sllftmlt fur Shire. Dr&. ~Shojsei, md1:iaque u:e 
employeu of Shl.-e and owri stock a.'Jd stock options in Shi;e. 

Single-oop)' rCJ?nl'.i requests to 'nctor J.. Perez,. MD (arl.dres,s bemiv). 

C<JIXC11ponding aatbor. Victor L P~ !'tiID, P~~ Qf Ophtb.1W11ol:ogy, 
Mktolriology & Immunology, Wsl.lEr G. .lw!$ Chair in Ophthillmlc 
Re=r~ 13.srom Palma Eye I,ristitute, Uni.vei'$l.fy ofb.'llilmi Mifkr School 
ofM~, Hi38 NW 10th Ave. Sui.te 6!.3, Mbml, FL 3it~3. Tel: 305 326­
63.02. Fax: 305 48?-4853. E-ma.il addr~ vpe:ni:z4@med.ml!lllli.e"u. 

@ ~16 The Authois. Published ty Elsevler me, 'rhJ$ ,~~ft~!\ access 
antde Ul'\d'5' the CC 8'/-N( -111) lit.ense {http://aeativecommons.org/ 
lic~m:es/ oy-nc-nd/4.0/). j7,e Ot;v/a, SruftXt ISSN: 154~124. Perez 'Vt. 
~flogfelder SC. Zhang 5, Shojai!f A, Ha~~ R. ~rMt,a novc:I IMEgin 
al'ltllgoni5t for treirtment of dry eye disease. 20l6;t4(2):l07-215. 

AND REZA HAQUE, .MD, PHD3 

KEY WOIOS dry eye disease. lCAM--1, Inflammation, 
integrin antagonist, LFA·1, llfitegra,t 

f, INTRODUCTION 

DJ	ry eye disease (D.ED; ~<, rcfurrtd to as kaatocon­
junctmtis .sicca or dry eye oyndro.me) is a mul~­
torial disorder, characrerized by either decreased 

tear J?roduction Ol' increasea. tear film evaponti.on,..1 whkh 
affects both the ocular surface a,nd ~ Jactimal gt.and. 
Although its pathogenesis is not yet fully clucida;te,d. DED 
is now i::ecogniz..ed as a disease associated with ocular surface 
mflammati.on.1 Indeed, the iofiltration of T c.ells in the 
laaimal fundio~ unit, jncluding the conjunctiva and 
lacrimal glands, is known to result in cb.roni(; iof!a.rn.mation. 

l'he role ofT cell.sis pivotal .in the development ofcell­
mediated immune responses. More specmcally, CP4' 
positive ( +) T helper (T:s) 1 and Titli T cdls haw been 
identified as mediators of oatlar s~ inflammation ifi 
:OW? Recruitment and adivatlon of these T ~lls at the 
ocular surface lead to the release of effector ~s and 
contribute to the ocular tissue damage seen in patients 
with PED- In fact. proi.fiflamniatoty cytomies havf: been 
detected in the tear film ofpatients with DlID.M ihe.tefore, 
it is hoped that therapies targeting T cells will l'J'ovide a 
more efficient means to treat DED. 

Currently a-r.Jlable treat:tnents include immunomodula­
tocs an.d un.munosuppress.lve agmts (e.g., ophthalmic: qclo­
sporine {RestasiscS>j5 and ophthahnic corti.costt:roids).1 

Ophthalmic cyclosporine is ~y the onlyapproved pre­
saiption therapy fot 1,1SC in patients with DED in the United 
States and Canada_ Despite the progress made in recent 
years in the understanding of the path.ophysioloro• of 
OED, tber:e is at l,)Te.ient no single on- or off-la~ medica­
tion that displays all the followmg cli~cteristi'8 and bene­
fits ofan ideal DED age:nt: 1) exhibits good tole.rabijjty and 
lo.og-tenn safety. 2) ha.6 a rapid onset of action, 3) targets 
key steps of the inflammatl.on cycle, and, most i_rnpQoantfy, 
4) treats both~ and symptoms of.OED. lb.us, there is an 
unmet .need fur n.ew and effective DED ~.ies, and the 
tt<:ent focus of. drug iklrdop:tmmt has k~ to find novel 
co:mpowids targeting inflammation. 
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Llfitegrast is a novel small moleeu.le integrin antagonist 
that inh.U,its aspecific T cell-mediated.infuunmatorypathwa.y 
involved in the pathogenesis of DID. Based on the cnrrent 
untlt:rstanding of its mechanism ofaction. lifitegrast blocks 
the recruitment a:od activation ofT cdls tG the oculzrsudace, 
thus l~mg overall inflammatory re:s)?OllSeS. If approved, 
lifttegrasthas the potential to be the first treatment indicated 
to treat both signs and symptoms ofDED. 

Herein, we review the role of'l' ce.U.s and mtegrins in the 
inflanunatoiy process involved m the pathophyi;iology of 
DED and outline th.e scientinc rationale fur the role ofllii.te­
grast ua addition, the preclinical devdopment. phannaco­
logkal propc:rti.es. clinical efficacy, an4 safety (Jf lifu~$1: 
ai:e described. 

U. ROLE OF T CELLS, INTEGRINS, ANO ADHESION 
LIGANDS IN THE INFLAMMATORY PRO<ES.S .ANO ORY 

EYE DISEASE 
A. Immunology of DED 

The pathology of DIID is not yet fully unde:estnod, but 
there is growing evidence that T cell-mediated inflammatioo. 
plays ac~b:'al roleinthe disease.6•

7 'I'heroleofTcellsinDED 
involves the following 6 step$: 1)uptak~andpro~ingofan­
tigtms from the ocnlax tissue by antigen-presenting cells 
(Af>C) on the ocular 8Urface, 2) priming of'l' cells by A.PCs 
in.thely:mphoid compartment, 3} migrationofT cell$through 
thebloodvessels. 4) remtitment ofTcells to the conju:naival 
stroma. 5) acti-vatioo ofTcells, and6) retention ofTcdJs into 
i.nflamoo tissues. as illustrated in Figure l. Specifically, when 
desiccating environmenbl stress is applied to the ocular sur­
face, it induces teathyperos:mabi::ityandthe ,:el.ease ofproin­
&mmatory cytokines (e.g.• interleukin [IL]-1 and tumor 
neci:-osis factor [TNFJ·!t) via activated lcinues.8 Thlti proin~ 
flammatory .milieu pron'.l(ltes the a.diva.lion and matw'ati.on. 
ofAPCs. The roi.gration ofmat'W't APCs to Ipnph .n~ in 
tum triggers the generation of autoreactiw CD4+ T cells6 

that journeyto the ocularsurface, where additional cytokines 
are produced. thus causing further damage to the corneal 
epithelium and conjunctive! cells (Figure 1). 

I 
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Understanding the mechanisms involved in 1he onset 
and progression of DED is key to the successful. develop­
me:n't of effective the:rapwtic interventions. A m.111lher of 
investigational Gt:udies and animal models of DED have 
helped identify and quantify the T cell subtypes and bio~ 
markets (e.g., cytok:ines, che:mokines, and !Ls) of ocalar 
inflammation that .are implicated in DED. CD4+ T cells, 
which are found in ocular surface tissu.es of patients with 
DED, are the primary infiltrating cclls involved in 
PEP.29 

•
10 CP4+ T cells can differen.tiaJ:e via divergent 

pathways into ~ distinct. subsets of r cells. namely THI, 
TH2, TH17, and regulatory T cells (Treg), ~ding on 
which stimuli are d.rivm_g the o~ ofinflammation.11 

Recent human and ~ental mnrlne dry eye studies 
showed that a T:iil # a:rid THl7-.mediated.iromu.ne response is 
induced in the lymphoid compartment upon engagement 
with mature A,Pa,,4.9,lZ ~ depicted in Figure 1. THl and 
T8 17 cells ~equentlymigrate to the ocular sutfac:e, where 
they secrete additional nurkers of .inflanunation, in, p-arti.c­
ular intetteron (IFN)-y and IL-17, respediydy.;;,4 These cy­
tokines in tum promote the prod.u.<:tion and rdease of 
v-arious ;pro.in11ammatory mediators (including cytokines, 
chetnoldnes, and matr.bi: metallop.rote~ [MMPs]) by 
the ~onju.nctival. and oorneal epitheliu.tn. thm creating a 
self-perpetuat:ing cycle of inflanll1lati.on. ~ve contribu­
tions of Tttl and TH17 cells to the pathogenesis of DBD 
are not fully understood, but evicLmce suggens that IPN-y 
causes conjunctiva! goblet cell loss an.d apoptosis of the 
ocu.lar surface epithelium.;; while IL~I7 stimulates the pro­
duction. of M..\iPs th.at cause breakdown of the .co.meal 
epithelial bao;ier.4 When damaged. the corneal epithellmn 
allmvs greater access ofpathogens and inflammatory medi­
ators to the wmeal. epithelium and $tt:oma (Figure 1), 
events that may lc:a.d to decreased visual function for pa~ 
tient:s with DED.1~ 
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Figure 1. The dry eye trnmoootnflammatory P3fhway. /\PC"" an!lgen.pres~l')lll'l9 wl~ ICAM-1 "'intem;llulir adhesion molec1.d~ 1: IFN = lriterferon; 
IL = interleukJn: LFA·1 >= fymphocytE runcr,ion-a$5Q~(e<:I ft!Klgen 1; mAf'C = ma1:1,1re antigen-presenting ccll; MMP = matrix metanoprotelnase; T'1-1 >= t 
helper cell;lNF = tumor necrc.si$ tactDr; Treg = regl.llato;y T cell. 
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Taken together. these findingg support the i.dea that 
inhibiting l" cell recruitment and activation byAl?Cs during 
the development of the .inflammatory- response in. D.ED 
should result in decreased level, of pathogeni.c mediators 
i.00 less infla.ro.nwion on the ocular surface. 

B. 	 lntegrin Si!Jnalng In the 1mm1111noinftanunatory 

Pathway 

ln.tegrins are cell swface receptors involved in tbe intt ­

gration between extracellular and intracellular signals in 
many biological pwcesses. including cytoske,letaJ. organiza­
tion IUld cell adhesion, migration. proliferation,, differentia­
tion, and su..."'Vival.u .Du.t'iug an immune response. 
integrins mediate 1) cell adhesion to the extracdlul.ar matrix. 
and ;2) ccll-cell interactions (e.g., T cell activation). which a.re 
ce.nttal to the patholozy of many inflammatory diseases, 
including DEO (Figure 1). 

Naive and memory 'l' cells circulate freely in blood ves· 
eels, mowtotin.g for foreign antigens.. Integrins are 9_l)eeifk. 
heterodimeric receptors used byl' cells to routinely migrate 
in and out oflymph nod~s when llllch.aUenge<l. or into oth.e.r 
tissues following activation by an inflammatory si,gnal.H At 
the beginning of an i.tmnune response, T cells need to be 
able to access the site of inflammation by crossing the 
vascular endothelium of blood vessels. This p~.ss i.s 
enabled by a specific integ:rin expressed on T cells and 
tenned lymphocyte function-associated antigen l (LFA-1), 
aJh, or CD1l.a/CD18, through binding to its native ligand, 
inte.rceUular a<lh.esion moleaile 1 (ICAM~l). The apression 
of LFA·l is restricted to leukocyres. and I.FA-I .is 1 of 12 
integrins (ont of the 24 known15

) used by T cells to direct 
tbe.lt movement and fun.qioo. 1~ 

ICAM-1, an adhesion protein expressed on a variety of 
cells includin& APCs and endolhdial i:;ells, was first proven 
to be a ligruid for LFArl ~ 1987 hy Martin and Springer.16 

This ~overy, together with additional studies, estabhshed 
t..\e understanding ofthe LFA-l/ICAM-1 pair as a key adhe­
sion pathway in T ce.l.l·mediated inflammation.17•10 Specif­
i'3lly. the interaction of LeA-I with ICAM-1 ii important 
not only fot T cdl adhesion to endothelial cells before tnm· 
endothelial migration to inflamed tissues, but also for T cell 
mtei:action with APCs. At the site of intlammation, T cells 
come int<> contact·with APCs.. Upon antigen presentation 
and recognition, key recq,t<irs at the cell-cell inte·rface reor­
ganize: to enable the formation. ofan ioo.munological synapse 
(IS), which stabilizes once ICAM~1, exp:ressed on APw, is 

20 Tb.bound to LFA~l .19
• e mature IS in turn helps Su.stain 

the otherwise transient interaction between the T cell and 
the APC, which facilitates the :Propagation of d.o:wnstre.un 
proinflammatory futtors. from the T cells themselws and 
from other bystander cells (Figure l ). tn the ocular surface, 
T cells and coxnesl epithdial cells p.roduce these signals ( e.g.. 
IFN~y, IlA7, 'l'NF-«., lL-1) accordingly. 

TNF~« and IL-1 a.t'c known to amplify the inflammatory 
response by inducing the expression ofICAM-i on epithe­
lial cells in patients with DED.zu~ J.JlA-1 also is upregulated 
in the conjunctiva ofpatients with :OE:0.23 ! he presence of 

I 
excess ICAA{.1 acts as an activating 8lgnal for p~troUing 
T ..:ells in the conjunctiva). a.od corneal tissues. It drives the 
r~ruitment of additional T cells to the ocular: surface 
through incr~ed LFA-1 expression, thus contributing to 
the ~etuation of inflammation. Based on t.he current W1­

ae.tsta.'1ding of DED, blocking the LPA-1/ICAM-l -interac­
ti.on could be a -viable strategy fur the prevention and 
treatment ofocular surface uulammation. 

Targetin& i.otegrin signaling has been shown to bl!: a valid 
drug cliscoveq stlategy and has allowed the development of 
drngs with potent anti-itdlanunatory activities in various 
autDimmune!inflammatory diseases. 13 For e"Cample,:efulizu­
m.ah {Raptiva~).24 a recombinant hwnanized :m.o.noclonal 
im.tmmoglobulin GI ant.i.body ag.aJ.nst the a subunit of 
L:FA-1 (anti-CDlla), was one of the fust integrin ·alltago­
nists to be :marketedfo.r the treatmmt ofmoderate fo severe 
psoriasis.15 It was designed to bind to LFA~l ~d bl<x:k its 
function in. T cdl activation in lymph nodes, T ,eU adhesion 
and extra:vasation to in,flaino¢d ~ .i.ndT cell reactivation in 
the skin by APCs•.2j Natalizwnab (Tysabri.(!1)26 is another 
approved drug (for the treatment ofrelapsing forms ofmul· 
tiple sclerosis} that targets an integtin pathway, specifically 
the ~4-integrin subunit.i7 Targffing integrin signaling sys­
tematically can increase the risk of certain rare infections. 
a side effect that would .not be anticipated in a topi~ 1nedi~ 
cation that reaches systemic cJrc::ulation at e>..'tremely low 
levels and th.en is rapidly-~creted. Additionally, because lm­
tegi:a.st is a small molecule antagonist to a specifi.c amino 
acid seqtifflce ofICAM·l and not an antibody, it is ~cted 
that associated side effects will be minin:tal, 

PI:ediro.cal studies in various ocular diseases hav~ shown 
that inh.ibitmg theinteraction between integrins and their li­
ganm, parttcularly lFA-1 and ICAM,1, holds promise as a 
therapeutic approach. In a mouse model ofmduced allergic: 
conjunctivitis, it was established that the. greatest inhibition 
of c:dlular mfiltraticm. i.n the conjw1d:i.Ya was achieved with 
the treatment combination of anti,LFA-1 a...,d .anti. rCAM­
1 monodcm.al antibodies,28 compared with monotherapy 
with either antibody. 1n mutine en.dotaxm-induced aveiti5. 
.- model for acute .inJlammati<m, Becker et al obsetved a 
red(t(:ed, number of .infiltrating leukocytes in animals 
~Mng neutralizing antibodies for either LPA-1 or 
ICAM-l.2s 

These preclinical studies constitute proof-of-concept ev­
!dence for targeting i.ntegrin sipaling in o.rder to-reduce 
ocular surface inflammation.. At the time these disroveries 
were made, it became ap~ent to ~s h; the 1idd that 
;f a so.'1*1.1 molecule that blocked the interaction betwee.n 
LFA-1 and lGAM-1 could be developed, it had the potential 
to translate into clinical use. 

ti. OEYEl<>PMf:NT OF LtATEGRAST, Af\l INTE~N 
ANTAGONtST, AS A TREl\'rMENT FOR ORY EYE 

DISEASE 
Lifi.tegrast is a novel small moleatle inregrin antagonist 

thatbloclc.s the bin.ding ofICAM·l to LFA-1. thw inte:rrupt· 
ing the l' cell-mediated inflan-.unatory cycle. 
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A, 	 Discovery and Development of Lifwt~ast . 
:Protcin-proteio :interactions are central. to a majority of 

biolo3ical p,:oces.ses, and are cb.alle.o.gmg targets to tadde 
with small molecule inlribiJors_;o These intenaces are large. 
comp]~ and difficult to di.nupt because of .flat sud.aces or 
les.,~~ binding sites. 

In 2002, Gadelc et al described theidentification ofa new 
series of lCAM-1 mimics and tFA-1 an.tagonists.~l It was 
hypothesized tba.t ICAM-1 could act as a drug c&cove,:y 
lead in the generation of small molecule therapeutics, a.nd 
the authors succeeded in transferring the binding epitope 
of ICAM-1 to a small molecule framework. By examining 
a whole host of.ooolec\.'lle:s through combinatorial chemistry 
and structure,.actMty .relationship, Gadek et al demon­
strated that a molecule coded as Compound 4 ('.Figure 2) 
directly inhibited the association of UlA-l with lCAM-1 
by binding to a high-affinity Sitt on LFA-1 (I domain of 
the IXL 8Ubunit). 

Be~en 2010 Qnd 2012, Zhong et al rep~the discov­
ery- and devclopmait of ;1. potent tdrahydroisoquinoline 

•34class of LFA~l/ICAM-1 antagonists.,32 from which 
lititegrast35 (Compound lg in Zhong et aP.l; Figure 2) was 

identified as a promi5iog drug candidate. The central td:ra­
hydroi&oquinoline mo.i.ety was designed. to retain potency of 
binding affinity to LFA~t. 

B. 	Mechunism of Action of Lifitegrast at the Molecu­
lar and C~hllar Levels 
Based on earlier wot:k on putat.in ICAM-1 mimics and 

LFA,1 a.o.tag-0nists (lnchuii.ng Compound 4) by Gadek 
et al31 and !'{e-discovery and development of lifitegrast, it 
has been hypothesized that th.ese molecule& bind di.re<:tly 
to the ICAM-1 binding site on the l domain of the LFA-1 
a'.L subunit and act aB dired competitive antagonists to blod< 
ICA.Mr 1 binding. $6 Alternative attempts to determine the 
mechanism of inhibition of ~ com.poundB (including 
Compound 4) via surface plasmon JeSOnance experiments 
suggested that these molecules might not be ligand .nii.Inetics 
of IC.AM-1, but that they instead bind to the I-likE dom;tin 
of the LPA-1 ~ subunit in an allosteric fwrion.~ The 
mechanism of action of .l:ifitegrast (and other putative 
ICAMrl mimics and LFA-1 antagonists) was still under 
debate until recently. At international congresses in 2013 
and 2014, Semba et al reported additional 611.dw.gs on !w.te­
grast its,el£ supporting the com_potmd as a direct competitive 
antago.rust of the binding of ICAM-l to I.FA-I (personal 
CQlilll)QW.cation, July 2015). In a live-cell expe.r.iment38 

created to mimic the h.indmg of LFA-l to ICAMA, lt w:as 
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flgur. i. Molecul<1r structures of Compound 431 aod llfitegrase~ 


found that l.ifitegrast inhibited th.e formation aud acttvation 
of the lS by affecti.Qg LF}.-1/lCAM-1 adhesion all.cl by out­
competing ICAM~I binding to LFA-l in a dose-dependent 
fashion. These results con:finned earU~ m vitro work 
dem.ODstr.lting the ability of lilitegrast to inhibit the attach­
ment ofJw:kat T cells to ICAM-1?9 . 

Lifuegrast inhibits the LFAw 1/lCAM-l mteractio~ and as 
a result should block the subsequent cycle ofl' cell-mediated 
inflammatio.n (Figure 3). Llfitegrast's down.stream. effect on 
qtokines has bttn reported in multiple lJreclWical stu~ 
The drug has been shown to reduce anneal inflammation 
in mice by inlunlting nerurophil recruitment to the comeal 
stroma.40 and to i,nlub.i.t cytokine rel.ease from activatedlym­
phocytes in vitro.s9 Specifically, the inhibitory effect oflifite­
g,:a.st was significant at 1 µM. fox IFN-'Y. n..-1(3, Il..;10, and 
macrophage inflammatory pro~ l«, cytokmes and che­
molti.nes whose presence in. tears correlates with the clinical 
severity ofD.60.41 In the phase 1 clinical study,42 Semba et al 
shov,,ed that tear concentrations of linwsrut in healthy vol~ 
unteers reached, and .in some instances exi:;eed¢d, the taxget 
ocular theraprolli: lem. of>1. µM. Additionally, administra­
tion of lifit.egrast was found to be efficacious in 12 dogs of 
various breeds. all prone to develop spontaneous ketaiocon• 
junctivitis sicca.39 This body of preclinical evidence 
confirmed potent dose~t inhibition of lintegrast 
on the T c~ activation. T cell recnntment. and cytokine 
release steps in the inflammatory process (Pigure 3). thos 
suggesting that treatmcn.t with lifiregrast should decrease: 
the bl.tla.oo.n:i.at.ory ~ome and reduce levels of proin&J:n.­
matory mediators in patients with OED. 

C. 	 Ufttegrast: An Oph.thalrdc A,ent for Treatment of 
Dry Eye Pk.as, 
Topical administration is a minimally invasive therapy 

fut patients and bas the advantage of increasing the scleo­
tivity of a drug fur its i.n.t1mded target. '.Nevertheless, ddiv· 
ering a drug to a specl.n.c s!te of action in the eye is still a 
challenge for scientists. Lifitegrast was rationally de~ed 
and developed to be topically administered as an ophtb.al.roic 
solution for treating mm. Th.~ <.()mpound was thus engi~ 
neeced to have a favmable pbai:macokineti.c (PK)· profile 
i.n the eye. with. the following properties: 

I) 	Strong inhibition of T cell adhe..sion to ICAM-J 
e:xpre.s:.ings:i,faces. Zhong et al demonstrated that linw 
tegrast was potent in T cell adbe8ion assays, including 
the 8UT 78 T cell adhesion assay (half rna:tiroal 
inhibitoxy coocent.ration (IC50} = 9 nM).32 Mntphy 
et a1 showed that lifitegrast strongly inhibited Jut:kat 
T cell attaclnnmt to le.AM-I (1"'50 = 2.98 nM),s9 

thus ronnnning that lititegrast inhibits the recruit­
ment ofT rells. . 

2) High solubility in aqueous media.32 T~~ ""it:h 
drug permeability, solubility is one of the important 
parameters 1hathelps achieve des.b:ed dntg oonc:.entra~ 
tions within targeted ocular tissues.. Several tech­
niqu~ exist to enhance solubility of a drug 
c-0mpound in aqueous media, including chemicill 
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Flgur. 3. Mechani511l of action (MOA) of Eifiteg~ ~ tile cellular level ICAM-1 =intercellular adhesiOl'I rnoliteule t ; LFA-1 = lymphocyte functlor,.. 
a~ociatecl :;intigeo I; mAPC =ma.hire antigen-pr~tlng cell; T'i, = T helper ~I. Disclaimer; this figUte ilustr,i~s the current uooerstandlng of ttM! 
MCA of /mb:srast based on completed prec:li11ical and dinkal studies. Additional studies In the pOm!ricr O(l.l~r tissues and vasic:ul;lr .system are­
re(tuired to further elucidate the MOA of Rfitegrast. 
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modification by fun.nation of a salt.4..~ Lifitesrast is 
fomrulated as a. sodium salt, whlch. alJ.qw.s fo:r con~­
trations of :::;100 mgiml (10%} to be isotonic with 
h1ln'lan teai:s at - 300 rn.OsmoJJL tilitegrast: dosing 
strenstfls of=::;so mg/ml (5.0%) have been used in an­
imal and human studies to maintain the <JJ>ht:balmic 
solm.ion at physiological pH. n The 1.i.fitegra.st fomIU~ 

hrtion cu.o:e;ntly under development fur the treatment 
of OED is a preservative-free 5.0% solution and as 
such, the product is pi:ovided in single-unit dose viaJs. 
Lifitegrast's foonulation is J?reservative free in order 
to :minimjfe aggravation ofdry e'/f! that can be caused 
by sum additives:14 

3) 	Rapid absorptum into otular tiS};ues.. Animal models 
have shown that greater rates of dnig penetution. 
and deliv~ across baniers can be adi.i.eved as a 
fC$Ult of lifitegrast's high intrinsic solubility and 
good permeability. The ocular PK of l.ifitegi:ast v.ras 
detetmined by 11\diola.beled experiments in rats4s 
and dogs:'~ Therapeu.tic levels of the drug were 
o~edin all ocular tissues, srecifically in the bulbar 
conjunctiva. palpebral conjunctiva, cornea, aque.ous 
humor, vit:reou.s humor, and sclera. 30 mi.o. after a 
single topical ocular administration of l4c-1ifite• 
gr.ast4s Ocular penetration also was investigated in. 

9dogs, and this has confirmed prerious :findings...~
Ccnc.anu:ations of radioactivity were detel1llined to 
be the highest in the anterior tissu~ {buibar coo.jt.mc­
tiva, palpebral conjtm.aiva. and com.ea) 30 Ill.in post 
topical dosing. In the hwnan diseased eye, the corneal 
epithelium and stroina act as baroe,;s between intra­
ocular tlssues and the vascnla, S.)'Stem. thu_s limiting 
the permea.ti.on of topically administered ophL'i..ahnk 
drogs.46 In animals, drug levels in ocular tissues can 
be determined clirectly through harvesting of the 
eyes, unlike ln humans. Serum pl:1$1X1,a cQncen.trations 
oflmtegra.st, determined from pitient blood samples, 
are an indirect measure of the drug's ability to pene­
trate ocular tissues. Indred, once a drug ao;esses pos­
terior ocular tis-, which are highly vascularized, jt 
is subjected to vascular absorption and clearance ,into 
the systemic circtdation. Peak plasma concentrations 
of lifitegr8$t in subjects receiviitf; a smgle crop of 
the 5.0% formulation in the phase 1 clinical trial 
wete detea.ed within 5 min of topical delivecy ;n 
the eye,4:Z thus wufuming the tapid absorption oflifi­
tegxast into bwnan ocular tissues. 

4) 	Rapid clearance from t.he systemic cirt:ulation. Rat 
intra.venous PK ~erltnffltS show¢d II short half-lire 
(0.78 h), high clearance (139.l ml/min/kg) and low 
syste.mk exposure (ar~ under the concentration 
curve = 705 h*nglkg) for llfitegrast n This was 
confirm.eel in the phase I study in healthy subjects, 
wMm establish.ed that row plasma levels of lmtegra.rt 
were cleaied within l-4 how:.s of d06ing.42 Addition­
ally, lm.tegtallt was shown to have good metabolic 

stability in vitro in both human and rat liver nucro,. 
som.es (71% and >95%, respectively, after 30 p)in in· 
cubation), whkh contain various drug-rneta\Jolizing 
enzymes including cytochrome P450 (CYP~O) en­
zywes?~ CYP450 enzym~ arc primarily foond in 
the liver, bat they are known to ~ present in _corneal 

6tisw..es ~nd to participate in drug detoxificati.on.4 7.4

5) Good. safdy profile in vitro and in vivo. 32 The com­
pound was shown to be negative i..-i. the Ames test, 
an assay used tQ detenntne wbeth.ex a cli.en:tlc:al can 
cause mutations in the J)N.A, of the t~ species (i.n 
this instance:, bacteria strains). Lmteg:rast had low po-­
tency in the CYP450 inhl'bition assay (CYP3A4 [one 
of the major i5ofotmsJ, 1C50 >20 µM; CYF2C9, 
IC50 = 3.0 µM), which tests whether a chemical can 
affect tht: activity of CYPs and thus potentially alter 
drttg metabolism in _patients,49 thereby causmg thera­
peutic inefficacy or unanticipated adverse re.actions. 
Aq(litil>nal.ly, lifit~ exhibited low potency in the 
human ether-a-go-go-related gene assay (patch damp. 
1C50 >20 µM), which tests whether a chemical can 
cause t:orsade& dt pcnntes,. thus J?redisposing a:pa&nt 
to sudden cardiac death. l'he phase I clinical ~o.dy in 
normal healthy adults42 confinned that lifu~t was 
well tolerated when administered in single and multi­
ple ascending doses. Specifically, subjects did not 

~ ~y d.iniaill.y meaningful changes in their 
health 3SSf$$ments (vital signs, electrocardiogram, 
and complete ophthahnologic ex2iJl}. 

In smnmary, liiitegrast is op~~ for oailar use, wi.th. 
an excellent PK profile and a very low syswmc ~0$W:e. 

Htnce, it ~ eq;ected to work ~e...-tivdy in the human eye 
without systemic $ide effects. 

Liiitegrast is cummtly in late phase J1I development The 
lifitegr-..st clinical. <kvel.opm.ent progr.un is the l:ugeiit of its 
kind; it began in 2008 and has enroned >1,800 patients 
with DED (pJacebo and l:ifitegrast groups). Four clitu.cal. 
studies (3 efficacy and safety stndies a.od 1 long·tenx\ ~ 
sure safety study) haw been cOJ;upleted to date, wi.th further 
re~\ jn progrei;~. Evidence of the effu:ac}r and safety of 
lifitegrast in patients with DED has been observed in th.e 
following clinical studies, which were carried outexcl~ 
in the United States. 

ln a phase II clinical stndy (ClinicalTrials.gov icrentmer, 
NCT009:26185),50 the group of subjects treated with llfite­
grast ophthalmic solution 5.0% did not show a statistically 
.signincant differ:ence from the plactbo group fot the singie 
primary efficacy endpoint (sign). mean inferior corneal 
staining scQre (ICSS) at day 84 (last visit. week 12). A pre­
specined secondacy sign endpoint, mean (standard. devia­
tion, SD) change in ICSS from baseline to day 84 (from 
week O to week 12), showed a significant response ~or the 
imtegrasi ophthalmic solution 5.0% group romparid with 
placebo (0.05 (0.773} vs 0.40 [0.802], P=.021). S~cant 
improvements in a prespecifi.ed serondary symptom 
endpoint (change on the visual•related fi.mction subscale 
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of a symptom scak) also were noted from baseline to day M­
in the lliitegrast group compared with placebo (-030 
[0.934] ,"S 0.07 (0.929}, P=.039).50 

Following the ptoroisi.og findings i.n the phase ll study, 
the OPUS-1 phase ill clinical stu<iy (Cli:o.icalTrials.gov iden­
ti&r, NCT01421498)51 was condu.ded between 2011 and 
2012. "'ith coprlmary objective (sign) and subjective (symp­
tom) efficacy endpoints. Analysis of study .-esults showed 
that the mean (SD) change from ba9dtn~ to day 84 in 
ICSS -v.--as greatet in the lifi~st ophthalmic solution 
5.0% sroup c;.ornpared with placebo (-0.07 (0.868) vs 0.17 
[0.819), P<.001), The symptom. Goprimary endpo.i.nt 
(change on the visual~related fimctioo subscale) was not 
met in this s.t.uttf, Howe,-er, lmproveme.nts ~ .1;1oted at 
day 84 in ocular discomfort in the lm.tegrast gi:oup 
compared wi1h placebo (1.10 [l.153] vs 1.31 (1.132), 
P=.027) and eye dryness in the lliitegrast group compared 
with placebo (25.00 (28.870} vs 30.39 (30.773], P=.OW).51 

The OPUS-2 phase IIl clinj_~ i.tudy (ClinicalTricls.gov 
identifier. NCT017437:29?1 was conducted between. 2012 
and 2013, with coprimary sign and symptom efficacy aid­
pomts. Study restllts showed that subjects treated with lilite­
gtast ophthalmic solution 5.0% e:icperienced greater 
impro-vement in eye dryness score (mean (SDJ change 
from basdine to day 84) than swjects treated wjth l'lacebo 
(-35.30 (28.400) vs - 22.75 l,2'3,600}, P<.001). Additionally, 
n(lminally significant improvements were noted in the sec­
ondary symptom endpoints ocular d.isc:orofon in the lliite­
gtMt group compared ~itll placebo (-0.91 [1.280] 
,~ -0.57 (L3S4J, nominal P<.001), and eye discomfort in 
the li.6.t~st group compared with placebo (-26,46 
{3l.32-8J vs -16.73 [31.207], nominal P< .001). The sign 
coptimal")' endpoint (mean change from baseline to day M 
in lCSS) was not .met in this study.s2. ln the phase II, 
OPUS-1 and OPUS~2 .studies, lifitegrast was genetally well 
tolerated and there were no serious ocular treatment­
emergent adverse t'mlls. 

The SONATA long-tenn sa&tystudy (Clin•cal'I'rial.s.gov 
idettifier, NCT01636206) of lifi.t~t ophthalmic solution 
5.0% is completed. Results from th~ study were prese!lted 
at congresses in 2015 and provided further evidence of the 
safety of lifrtegrast. Full results will ~ published separately. 
The OPUS-3 phase m clinical study (CUnicalTdals.gov 
jo.mt:.ilrer, NCf02284516) is completed. Results will be pub­
lished separattly. 

IV. CONCLUSION 
Integrin inhibitors h~e been found to have potent anti­

i.nflamrnato,y dfe(:ts in several autoimmunelinflamm.arory 
diseases. Targeting speci.fu;: hl~on steps, including 
integrins and cytoldn.es. js a promising avenue for the dtm:l­
opment of new and effective tber.t.J?cuti.c interventions in 
DED. Li.fitegrast is a novel integrin antag<>nist specifically 
developed to target th.e LFA-l (an integrin) and !CAM-I 
(an interc:eilular adhesion molecule) interaction. Lifi.tegrast 
inhibits T cell reouitment,. T cell activation, and subsequent 

cytokine tdease, thereby targeting a specific ~matory 
path.way inrolved. in the pathogenes.is of DED. 
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