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State of Alaska Department of Heakth and Social Services, Division of I-lealth Cére Sennces
Submission Request Form for Pharmaceutical Manufacturers

Fax this request to: 1-888-656-6822  ATTN: John McCall, R.Ph.
Note: Processing May be Delayed if Infomaation Submited is illgible or tneamplete

Members of the Pharmacy and Therapeutics (P&T) Committee have requested that all clinical information,
questions, or comments about the Preferred Drug List (PDL) be sent directly to Magellan Medicaid Administration.
Manufacturers and other interested parties have been requested not to contact the members directly, Written
comments on the PDL from all interested parties should be submitted to Erin Narus, PharmD, R.Ph, zt the State of
Alaska.

Note:  Manufacturers submitting comments are requested to do so through their Product Manager using this
form. This form constitutes a request for NEW information pertaining to peer-reviewed literature
including off-label peer-reviewed studies.
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Xiidra (fifitegrast ophthalmic solution} 5% N
Clinical Rationale Request for Consideration (If additional space is required, use Clinical Rationale Cortinuation-Page). . | -~ <

The U.S. Food and Drug Administration approved Xiidra {ifitegrast ophthalmic solution) for the treatment of signs and symptam; of
dry eye disease, on Monday, July 11, 2016, Xiidra is the first medication in a new class of drugs, called lymphocyte
functlon-associated antigen 1 (LFA-1) antagonist, approved by the FDA for dry eye disease.
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Lifitegrast ophthalmic solution 5.0% for treatment of dry eye disease: results of the OPUS-1 phase 3 study.

Sheppard ID, Terkildsen GL, Lonsdaie JD, D*Ambrosio FA I, MclLaurin EB, Eiferman RA, Kennady K5, Semba CP; OPUS-1 Study
Group. :
Ophthalmeiogy. 2014 Feb;121{2):475-83. PMID: 24289515

Lifitegrast, a Novel Integrin Antagonist for Treatment of Dry Eye Disease.
Perez VL, Pflugfelder SC, Zhang S, Shojael A, Hague R.
Ocui Surf, 2016 Apr;14(2):207-15. PMID: 26807723
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Lifitegrast Ophthalmic Solution 5.0% versus
Placebo for Treatment of Dry Eye Disease

Results of the Randomized Phase III OPUS-2 Study

Joseph Tauber, MD," Pasl Kespecki, OD, Robert Latkany, MD,? Jodi Luchs, MD,* Joseph Martel, MD,”
Kenneth Sall, MD,® Aparna Raychaudhuri, PhD,” Valetie Smith, MBA,” Charles P. Semba, MD,” for the
OPUS-2 Investgators™®

Purpose: Lifitegrast is an integrin antagonist that decreases T-cell—mediated inflammation associated with
dry eye dissase (DED). Wa report the results of OPUS-2, a phase il} study evaluating the efficacy and safsty of
lifitegrast compared with placebo for the treatment of DED. ,

Design: A 12-week, multicenter, randomized, prospective, double-masked, placebo-gontrelled clinical trial.

Participants: Adults aged >18 years with use of artificial tears within 30 days, inferior comeal staining
score >0.5 (0—4 scale), Schirmer tear test (without anesthesia) =1 and <10 mm. and aye dryness score >40
(0—100 visual analogus scale [VAS)). '

Mathods: Subjects were randomized 1:1 after 14-day placebo run-in o lifitegrast ophthalmic soiution 5.0%
or piacsbo twice daily for 84 days. ,

Main Outcome Measures: Co-primary efficacy end points were change, from baseline to day 84, in eve
dryness score {VAS, both eyes) and inferior comaai fluorescein staining score in the designated study eye.
Secondary end points were changs, from baseline to day 84, in ocular discomfort score (0—4 scale) in study eye,
eye discomfort score (VAS), total corneal staining score in the study eye, and nasal conjunctival lissamine green
staining score (0—4 scals) in the study eye. Treatment-smergent adverse events (TEAES) were recorded.

Resulis: A total of 718 subjects were randomized: placebo, n = 360; iifitegrast, n = 358 (intent-to-treat
population). Lifltegrast-treated subjects experlenced greater improvement In aye dryness than piacebo-treated
subjects (reatment effect, 12,61; 95% confidence interval [CI], 8.51—16.70; P < 0.0001). There was no
between-group difference in inferior corneal siaining (treatment offsct, 0.03; 95% CI, —0.10 to 0.17: £ = 0.6188).
There was nominally significant improvement of secondary symptom end points among lifitegrast-treated sub-
jects: ocular discomfort (nominal P = 0.0005) and eye discomfort (nominal, P < 0.0001). There were no betwesn-
group differences on secondary signs: total comeal staining and nasal lissamine staining. More lifitegrast-treated
subjects (33.7%) than placebo-treated sublects (16.4%) experienced ocular TEAES; no ocular TEAEs were
sarious.

Conclusions: Lifitegrast met the co-primary symptom end point {eye dryness) but not the co-primary sign
end point {inferior corneal staining). Secondary end point findings were consistent with this pattern. Most ocular
TEAEs were mild o moderate; there were no unexpected TEAEs. Lifitegrast warrants further consideration as a
reatment for DED. Ophifalmology 2015,122.2423-2431 @ 2015 by the American Academy of Qphthalmology. This
Is an open access article under the CC BY-NC-ND license (hitp://creativecommons.orgflicenses/hy-nc-nd/4.0/),

“Supplemental material is available at www.aaojournal.org.

Dry eye disease (DED) is characterized by symptoms of eye
dryness and discomfort and associated ocular suwrface
inflammation,’ Traditional treatment approaches in DED
have typically included artificial tear substitutes, Jubricant
gels and ointments, numitional swpplements, topical
cyclosperine, corticosteroids, and punctal plugs. However,
teany patients with DED continve to experience sympioms
despite treament.’

Lifitegrast is a novel small-molecule integrin antagonist
that blocks the interaction between intercellular adhesion
molecule 1 and lymphocyte functional antigen 1, inhibiting
T-cell adhesion, migration, activation, and subsequent

© 2015 by the Amcrican Acedesry of Ophthaliology
Thls i 20 open access article woder the CC BY-NC-IND licoase
{utpefereativecgmmony. org/licensey/by-ne-nd/4.G. Poblisked by Blwevisr fac,

cytokine release and thereby decreasing T-cell--mediated
inflammation known to be associated with DED.*™ In a
phase Y study (OPUS-1), lifitegrast ophthalmic solution
5.0% administered twice daily for 84 days significantly
reduced inferior corneal staiping score, the ]grespwi.ﬁed
co-prmary end point, compared with placebo.” However,
there was no significant differetce between groups in the
co-pamary symptom end point, chamge on the visual
related function subscale of 4 symptom scale.

No minimun vispal-related subscale score was reguired
for OPUS-1 eligibility, and baseline syzoprom severity was
relatively mild” Evaluation of the OPUS-1 results led to
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modifications in the design of OFUS-Z, including removing
the use of a controlled adverse environment (CAE)® as a
sereening method, requiring a minimal threshold of
disease severity at baseline on the symptom co-primary
end point measure, and requiting recemt use of artficial
tears, In addition, op the basis of the reliability and sensi-
tvity of the eye dryness score (visual analog scale [VASD
measure in OPUS-1, eye dryness was choszn as the co-
primary symptom end point in OPUS-2.

This repoit presents the resuits of the OPUS-2 study
evaluating the efficacy and safety of lifitegrast ophthalmic
solution 5.0% c with placebo in the treatment of
DED. Efficacy was assessed by the co-primary end poiats of
change, from baseline to day 284, in eye dryness score and
inferior comeal fluorescein staining score.

Methods

This was a 12-week, phase Ii, roulticenter, randomized, prospec-
tive, double-masked, placebo-controlled, parailel-amm study con-
Sucted in the United States (31 sites; 30 sitcs randomized subjects).
The stody was Health Insurance Porability and Accountability Act
compliant and adhered o the fenets of the Declaration of Halsinki,
Ethics committes approval was obtained before study initiation. All
subjects provided written informed consent, The tdal wss regis-
tered at ClinicalTrials.zov {identifier NCT01743729).

Subjects

All study sites were community eye clinics in the United States.
Study participants were identified throngh study sites” patient da-
tabases or through recruiting/advertising.

Eligiblz participants were adults {aged >18 yeats) who had
self-reported history of DED, use of artificial tears withmn the pase
30 days, best-comected vissal acmity of 0.7 loganithm of the min-
imum angle of resolution or better, comesl fluorescsin staining
score 22 (0—4 point scale) in =1 eye zegion, conjunctival redness
score =1 (04 point scale) in =1 eye, eye dryness score 240 (0 to
100-point YAS) meponied as a single score for both eyes, and
positive response in =1 oye, defined as meeling the following
criteric In the same eye at both visits | agd 2: infetior comeal
fleorescein staining score 0.3 and Schimmer foar test (without
afesthesia) =1 apd <10 mm. Subjerts with secondary Sjtigren’s
syndrome were eligible to participate if they were not taking sys-
temic/ocular steroids, were not imouncdeficicntimmunosap-
pressed, snd met all other inclusion and exclusion criteria.

The following individuals were exclnded from participation in
the sfudy: women who were pregnant or might bocome pregnant;
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thase with contraindications or hypersensitivity to the ifnvestiga-
tional product, previons kifitegeast therapy, use of topical medica-
tions or antibiatics for treatment of blepharitis or meibosmian gland
dizcase, ocular herpes, ocular mfection within the pravioas 30
days, blood donador or loss within the previous 36 days. ocmlar
conditions or chronic iliness that could affect study parameters, a
disorder cansing immsmodeficiency, a history of LASIK or similar
surgery within  the previons 12 months, history of
yirinar—zheninpm—garget laser posterior capsulotomy within the
previons 6 mooths, or known history of alcohel or drug abuse that
maght intetferc with study participation; those uawilling to dis-
continue wearing contact lenses during the smdy period; those
using prohibited medications, inchiding topical cyclosporine, any
other ophthalmic medication, antihistamines, and aspirin during the
prestedy washont period and stidy: and those with DED secondary
1o scarming or destruction of conjunctival goble: cells.

Study Protocol

The investigational produnct was supplied as a sierle salution
containing 5.0% fifitegrast with ~0.2 ml in cach unit dosc vial,
Tramed study persopnel administered the stady drug and per-
formed assessments. Ocular assesaments such &5 Staining pro-
cedures were performed by trained study physicians

Subjects were rapdomly assigned to meeive lifitegrast or pla-
ccbo on the basis of a 1:1 ratio within the randomization strata
using pexrmuted blocks, Rendomization was ceatulized across
study centers and stratified by baseline inferior comeat fluorescein
swaining score in the scudy eye and bassline eye dryness score. An
interactive Web response system was msed to facilitate subject
randomization. .

Duriog the screening period (days —14 to 0}, subjects received
twice-daily open-label placebo administered 2s 2 single eye drop in
both eyes (Fig 1}

Puring fhe teatment period {davs 0~84), subjects received
twice-dsily doses of lifitegrast ophthalmic sclution 5.0% or placebo
administered to the ocular surface a3 a single eye drop (in the
morming and just before bedtime in the evénimg) in cach eye. All
sidy pemonned were masked with regard to treatment assignments.
investigational product packaping was standardized such that Jifi-
tegrast and placebo were visually indistinguishable. No subjects
were enmasked during the study.

Site staff administered the first doss of randomized investiga~
tional product on day O and a dose at each subsequent scheduled
visit in the morning. Subjects self-adoministered the investigational
product for all other doses. Treatment compliance was assessed by
reconciliztion of used and urmsed investigational prodnct vials
collected from subjects. Noncomplisnee was recorded as a protocol
deviaton if >20% of expecied doses since the last visit wers
missed or >120% of expected doses were taken.

Prirtary
Visit 1 Visit2 Vigit 3 Vigit4 Erdpaint
Day I—-I4 Daf 0 Day 14 Day 42 Day 84
1 1 1
® ® ®
E Rondw:llzaﬂon
| Sorasning |
¥ Af————x
f FlBcab0 i =
1 beice deily SN
+ gl subjects
L J 1
hd
Sereening Traatment

Figure 1. Soxdy desion.
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During the washout and treatment periods, sabjects were pro-
hibited from using topical cyclosporine or any other aphthalmic
medication, including artifical tears. '

Outcome Measures

Efficacy patameters were assessed at each study vigit (visit 1,
day --14; visit 2, day 0; visit 3, day 14; visit 4, day 42; and visit 5,
day 34). These included comeal fluorescein staining (0 = vo
staining, 4 == severe; 0.5-poim increments; in the superior, centrsl,
and inferior cotneal zones), conjunctivat lissamine green siaining
{9 = no staining, 4 = severe; €L.5-point increments), VAS (a 7-item,
subject-reported symptom index {0—100 scale; 0 = zo discomfort,
100 = maximal discomfo] that includes items for eye dryncess and
eye discomfort), and ocular discomfort gzraded by the subject
{0 = no discomfort, 4 == severs discotnfort). For each subject, the
eye with the worst (highest) inferior corpezl Auorescein staining
score at day —14 and day 0 was designated the study eye.

The co-primary efficacy end points were the eye drynass score
(VAS, reported as a single scare for both eyes) measured by mean
change from bascline to day 84 and inferior corpeal flucrescein
staining score measured by mean change from baseline to day 84 in
the designated study cye.

The secondary efficacy end points were change, frotn baselne
ta day 84, in ocular discomfort score in the designated study eye;
eye discomfort score (VAS, reported as a single score for both
eyes); total comeal staining score {derived sum of superior, central,
and inferior corneal fluorescein staintng scores; 0—12 peints) in the
designated study eéye; and nasal conjunctival lissamine gresn
staining score it the designated stdy eye,

Advaerse events (AEs) recarded after the first rendomized dose
of imvestigational product were considersd teamment-emergent
adverse events (TEAEs). The investigators osscesed adverse
cvenis for severity (mild, moderate, and severe).

Statistical Methods

Satople size was calculated as follows: for the primary ocular
symptom, change in eve dryness score, & 10.0-unit difference ke-
tweex treatment growps in meen change from baseline to day 84
and & common standard deviation (SD) of 40 vnits were assumed
on the basis of findings from the previous phase I #ial.” For the
primary ocular sigy, change in inferior comeal staining, 2 0.25-unit
difference, and a common SD of 0.95 units, were gssumed, again
on the basis of earfier study findings. Under both assumpiions, a
sample size of 330 per group would yield >90% power to show a
significant difference at the & = 0.05 Ievel under a 2-sample ¢ test.

The randomized popnlation ineluded all randomized subjects.
The intent-to-treat (ITT) populetion and the safety popnlation
included all randomized subjects who received >1 dose of inves-
tigational product, The ITT population was the primary efficacy
analysis population. Analyses conducted using the TTT population
were based om freatment assigned, whereas analyses conducted
using the safety population were based on tredtment received.

For cfficacy data, subjects were analyzed on observed data or
Iast observation carried forward (LOCF). For analyses based on
LOCF, data were izken from the last post-baschine date that data
were collected,

For co-primary efficacy end points, cach analysis was performed
using a steatified Z-sumpic ¢ test (using an analysis of variance
[ANOVA] model) comparing lifitegrast with placebo in the YIT
population with LOCF. The ANOVA mode] inclsded tresiment,
sirata, and the intermction between treatment and stmts. The stratified
2-sample 2 test was done in PROC MIXED in SAS (SAS Instinne
Ine, Cary, NC) via the LSMEANS statememt with the observed
marging (OM) option and weights proportiopal to stetum sample

size. Statistical significance was required for both co-primary end
points to test the secondary end points. Therefore, no adjustment for
multiplicity wes neeessary for the co-primaty end points.

Secondary efficacy end points were anglyzed wsing the sams
ANOVA model as for the co-primary efficacy #nd peints. Hoch-
berg’s procedure was applicd to control the type I ercor rate at the
5% level asvoss all secondary end points. '

The incidence of ocular and nonocalar TEAES was tabulated by
reatment group, system organ class, and prefemed term (Meadical
Dictionary for Regulatory Activiies version 14.1; MedDRA
MSS0, Mcican, VA).

The original study protocol was amended once on September 6,
2013. The study objectives and cfficacy outcome measures were
updated to claify that they would be measured in the designated
study eye, where appropriate, and be measured as the change from
baseline to day 84 rather than as the day 84 score.

Results

4 1om of 1453 subjects were screened, representing 1450 tmigue
subjects (Fig 2). Of the screened subjects, 557 did not enter the
placebo run-ip. pesiod becavse of screening failure, and a further
178 subjects were pot randomized after the placebo run-in period
because of screening faihure.

The remzining 713 subjects were randomized, 360 to placeko
and 353 to lifitegrast (ITT population}, Data from each of these
subjects were included in the efficacy amalysis. A total of 49
subjects (12 in the placebo group and 37 in the lifitegrast group)
discontinved treatment before day 24, so their datz were angiyzed

A total of 27 subjects, 13 in the placebo group and 14 in the
lifitegrast gronp, were randomized but later found to not have
met all inclusion/exclusion criteria, primarily becanse washout
dates of previous medications could not be confirmed. All of these
subjects wexe assessed by the sponsor and allowed to continue
participation in the stady, and they were included jn the study
analvses.

One subject was assigned to the placebo group bur feceived
Jifitegrast via an incorect kit at day 14 and was discontinued from
tho study. This subject was included in the Hftegrast group for the
safety population, but in the placebo group for the randomized and
T 0885,

popmiations.
The first subject was randemized on Deccmber 20, 2012, and
the last subject’s last visit was on Qctober 1, 2013,

Baseline Characteristics

Bascline characteristics were sitailar between freatment groups
(Tzble 1). Subjects’ ages ranged from 19 to 97 years, with a mean
(5D} sge of 58.8 (14.09) years. The majority of subjects were
femsle, not Hispanic or Latino, and white. The most cormmon
imis colors were browa and biue.

The mean (SD) inferior comezl staining score at baseline was
2.40 {0.722) in the placebo group and 2.39 (0.763) in the Jifitegrast
group. The mean (8D) eye dryness scors at bascline was 69.22
(16.761) in the placeho group and 69.63 (16.954) in the lifitegrast
group. To promote balance of treatyent $ssigoment across baseline
severity, randomizstion was siratified by inferor comsal flug-
reseein stamang score (1.5 or >1.3) and eye dryness score
(<60 or 260) i the study eye (Table 7). Most subjects (57.0%)
had an inferior cormezl fluorescein staining score »1.5 and an
eve dryness score 60 ot randomizaton.
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Assessed for eligibility {n = 1455)

1
{

Exclirded {n = 737)
=Did nct sfart placebo runn peried (n = 557)

b4

=Not randomized after placebo run-in pariod {n = 178)
sRecords represent secand randemization for
a subject (n = 2)

Randomized (n =718)

-

Aliocated to placebo {n = 360)
» Received allocated intarvention (n = 358)

v

Disconfinued intervention (n = 12)
e Adverse gvent (n = 3)

e Lost to follow-up (r=0)

& Noncompliance (1t = 0)

® Other (n = 9)

Anglyzed (n = 360)

= Completed study (n = 348)

& Discantinued study; data analyzed via
LOCF (n=12)

v

Allocated to [ifitagrast {n = 358)
¢ Received allocated intervention {n = 358}

hd

Discontinued intervention {n = 37)
® Adverse event (n = 26)

¢ Lost to follow-up (n=2)

# Noncompliance (n=1)

o Other (n=8)

Analyzed (n = 358)

s Completed study (n = 321)

= Discontinued sfudy; data =nalyzad via
LOCF (n=37)

Figure 2. Parcleipant flow. The rotal screening count of 1455 subjeces includes 1450 unique subjects. One subject wag assigoed to the placeho group, but
tecelved lifteprast via an incomecr kit ar dey 14 and way discontinued from the study, This subfect wie inchwded in the liftezrast group for the safery
popudacion. {plassba, 359; lifreegrast, 352}, but in: the plasebo group for the rendomized and intent-w-mear populations (plsoebo, 360; lifirerast, 358).

LOCF = last observation caried fonwatd.

All subjects bad an ocular medical history of DED {the primary
diagnosisy, Other than the primary diagnosis, the most common
{>10%) occurrences in ocular medical history were cataract
{(35.0%), calaract operation (14.9%), blepharitis (11.3%), and
LASIK (10.9%). Within nonocular medical history, the most
common (>10%) occurrences were hyper=psion (37.9%), posi-
menopause (29.4%), hysterectomy (19.8%), gasiroesophageal
reflox diseese (17.3%), menopause (15.6%), bypothymidism
(15.5%), depression, (14.5%), dmg Eypersensitivity (14.3%), hy-
percholesterolernia (12.0%), and hyperiipidemia (10.4%).

Overall, 5.2% of subjects took concomitant medications for
ocular health, most commonfy Jsh ¢fl with minerals or vitamins
{1.0% of subjects). Most (53,8%) subjects ook concomitant nons
ocular medications, mest commonly acetvlsalicylic acid, vitamizs,

2436

cholecalciferol, and fish oil. The proportions of subjécts using
partcylas copeomitant medications were generally similar between
treatrent ERAPS,

On the basis of investigational product vials retumed, 95.5% of
placebo-treated subjects and 93.0% of lifitegrast-treated subjects
were compliant with stedy treatment.

Efficacy Findings

For the co-primary efficacy end point of eve dryness (VAS), the
mean (3D) change from basclive to day 84 with LOCF was —22.75
(28.600) smong plecebo-meated subjects and ~35.30 (28.400)
among lifitegrast-reated subjects. The treaiment cffect was 12.61
{95% confidence interval [CT], §51—16.70; P < 0.0001) (Fig 3).
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Table 1. Demographics of Randomized Population

Placebo Lificegrast  All Subjects
Charactesistic (n =360} {n=2358 N=r7i8)
Age (yrs)
Mean (SD) 589 (14.26) 38.7 (13.93) 538 {14.09)
=75 y old, u (%) 42 (1L7) 3209 81013
Female sex, r (%) 265 (3.6) 285 (79.6) 550 (76.6)
l-]&pmi(c%ajr Latino ethnicity, &4 (17.8) T9{221) 143 (199
f
Race, m (%)
Asian 14 (3.9} 12 {5.3) 33 {4.6)
Bleck or Aftloan Atnerican 34 (9.4) 30 {84) 64 (8.3
White 305 (8477 303 (846 608 (347)
Orher 7{1.9) & (LD 13 {1.8)
5D = standard deviarion.

Percenteges are based on the number of subjects randompped.

For the co-primary efficacy end point of inferior comnesl
staining, placebo-freatzd subjects had mean (SD} change from
baseline of —0.71 (0.943) compared with —0.73 (0.926) among
lifitegrast-ireated subjects. No between-group difference was
gbéservect {eatment cffect, 0.03; 95% CI, ~0.10 to 0.17; P =

.6186).

A post hoc anelysis based on the ITT population with observed
data found that the treatment effect for eye dryncss at day 14 was
6.67 {95% CIL, 3.05—10.30; nominal P = 0.0003) and at day 42
was 10.63 (959 CL, 6.71~14.55; nomimal P < 0,0001).

Per the staristical jethodology of the study (described in the
"Methods"” sectiom), staticrical sipnificance capnot be declared for
the secondary end points bevsage only 1 of the co-primary end
point findings is statistically sigmificant. Thersfore. P values re-
potied for hypothesis testing of secondary efficacy end points are
referred 10 a5 nomizal P values.

The mean (SD) change in ocular discomfor: score from baselins
to day &4 with LOCF was —0.57 (1.354) among plecebo-ireated
subjects and —0.91 (1.280) among lfitsgrast-troated subjects.
The teatment effect was 034 (35% CI, 0.15—0.53; nominal
P = 0.0005) (Fig 4).

For eye discomfort score (VAS), placebo-treated subjects had
macan (SD) change from baselipe of ~16.73 (31.207) compared
with —26.46 (31.238) among Lifitegrast-treated subjects. The
reament =ffect was 9,77 (95% CI 527—14.28; nominal F <
£.0001),

The mean (SD) change in total corneal fluorescein staining
score from basefine to day 84 was —1.49 (2.097) among placebo-
treated subjects and —1.62 (2.643) among -treated sab-
Jjocts, The weatment effect was 0.14 (95% CL —0.16 to 0.44;
nominal P = 0.3711).

For nasel lissamine staining scote, placebo-treated subjects had
mean (SD) change from baseline of —0.27 (0.805) compared

Table 2. Wumber of Subjects in Randomization Stata

{Randomized Population)

Placebo Lifitegrast

Ioferior Commeal Eye Deyness {n = 380}, {o = 358),
Score at Baseline Score at Bascline o (%) 1 (%)
<15 <60 23 (5.4) 23 (6.4)
=60 22 {81 31 (&7

=15 <60 99 (27.5) 100 {27.9)

=60 2 (58.1) 204 (57.0)

with ~0.25 (0.850) among lifitegrast. subjests. The trear-
ment effect was —0.02 (5% CL —0.14 o 0,10; nonginal P =
0.6952).

Safety Findings

The mesn (SD) duration of treaiment was similar between treat-
ment groups (placebo, 82.1 [8.79] days; lificegrasi, 78.2 [17.87)]
days).

A higher percentage of subjects in the Jifitegrast growp experi-
enced TEAEs and ocular TEABs than in the placebe group
(Table 3). The lifit=grast group had a higher frequency of subjects
with oculac TEAESs considered possibly or probably related to the
imvestigational product (11.1% apd 17.3%, respectively) than the
placebo group (7.8% and 2.5%, respectively).

A tofal of 29 subjects had TEAFs that led to trestment
discontinuation; 26 of these were in the lifitegrase group. The nzost
common ocular TEAES that Jed to treatment discontinuation were
instiflation site iitstion {n = 5), eye imitation {a = 4), and ble-
pharitis (n = 3} .

Seven subjects had serions TEAEs (placebo, n = 4; lifitegrast,
n = 3), all of which wete considered not related to the Hivestiga-
tional product and resolved (except bladder cancer [placebo gronp)
with an 1nknown culcome). No setious ocular TEAEs occarred
during the stady.

The most common TEAE: were reduced visugl acuity, instil-
lation site intitation (burning), instillation site reaction, and dys-
geusia (change in tastc sensadom) (Table 4). Incidence of ali
recorded ocular TEAES is reported in Table 5, and incidence of
all nomocdlsr TEAEs is reported in Table 6 (available at
www.saojournal.arg).

Except for visorl acvity reduced, all of these TEAEs were
considered possibly or probably related to the investigation product
by the investigator.

Most of the ocular and norocular TEAESs in both wreatment
groups were nnld to moderate in severity. Six spbjects bail ocular
TEAEs considered severs, all in the Jifitegrast group: instillation
site imitation {n = 2), eye uritation (o = 3), and instillation site
reaction (n = 1),

Ovezzll, 41 subjects (placebo, n = 23; lifitagrast, n = 18) had an
ocular TEAR of reduced visue] gcuity, 12 subjects (placebo, n =2;
lifitegrast, . = 10) had an ocular TEAR of blurred vision, and 1

" subject (lifitegrast) had an ocular TEAE of visual impaimment. All

of these TEAEs were nonsetious, and 4 of the TEAEs led w0
treatment discontinuation: visual acuity reduced (n = 2) and vision
binrred (b = 2),

Dry eye disease is a symptomatic disorder associated with
chronic ocular surface inflammation. The OPUS-2 evala-
ated lifitcegrast ophthalmic solution 5.0%, a novel investi-
gational integrin antagonist. in improving the symptoms
and signs of DED when administered topically twice daily
for 12 weeks. The OPUS-2 detmonstrated that lifitegrast-
treated subjects experienced significantly greater improve-
ment in subject-reported sye dryness compared with
placebo-treated subjects. These findings were supported by
similar outcomes for ocular discomfort and eye discomfort.
To our knowledge, this is the first pivotal study tb meet
the prespecified symptom end points in a popilation
with DED.

In a post hoc analysis of OPUS-2 data, the weatment
benefit of lifitegrast over placebo for the svmpiom
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Bigare 3, Co-primary efficacy end point results (intens-ro-trear populasion). Graphs show observed data and end point with last observation csrried forward

{LOCF). SE = sandard ermor.

co-pitmacy efficacy end point, cye drvness scors, was
observed at day 14, the first post-ireatment visiz, and steadily
increased nntil the last visit at day 84. A longer-term study is
warranted t0 evaluate the potential for prolonged benefits
beyond 12 weeks.
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We believe the subjective outcomes in OPUS-2 are
highty clinically relevant. On the basie of prdor dry eye
surveys copducted with the Dry Eye Cuestionnaire, dryness
and discomfort tend fo be the most consistent and worst
symptoms reported by patients with DED; this served as the
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Table 3. Incidence of Trearment-Emergent Adverse Events (Safery Popalation)

Placcho (n = 359), n (%) Lifitegrast {n = 359}, n {%) All Subjeces (N = 718}, n (%)

Subjects with 21 ocular or nonoculay TEAR 92 (25.8)
Octilar TEAEs 58 (164)
Mild 47 {131)
Moderste 12(33)
Severs {0
Nongeular TEAEs 43 (12.5)
Mild 28 (7.8}
Modersee 14 (3.9}
Severe 3 (0.B)
Subjects with possibly or probsbiy drug-relared TEAE: 41 {114)
Oaular TEAEs 37 (163)
Mild 18{(7.8)
Moderate {25
Sevete oo
Manocular TEAEs 6 (L7)
Mild 3 (L%
Moderate 1{0.3)
Severe {0
Subgects premanrely withdrewn because of TEAE:s 3 (0.8}
Ocular TEAE= 2 {0.6)
Nonoeular TEAEs 1{83)
Subjeces with sevious TEAKs 4{1.1)
Ocufar TEAE; 0 {C}
Notweular TEAEs 4{L1)
Subjecrs with « TEAE resulting in desth (eE )]

172 {47.9) 264 (36.8)
12t (33.9) 180 (25.1)
84 (23.4) 131 (18.2) ;
31 {8.6) 43(60)
6 (L7} & (08
96 (26.7) 141 (15.6) -
53 (14.8) 81 (11.3)
35 (9.7} 49 (6.8)

822} 11 (1.5)
142 (39.6) 183 (25.5)
102 (28.4) 139 (19.4) .
67 (18.7) 95 (13.2)
30 (3.4} 30 (5.4

5{i4) 540.7)
70 (19.5) 76 {10.8)
39 (10.9) 44 {6.1)
28 {7.8) 29 (40

3 {0.8) {04
26 (7.2) 29 (4.0)
23 (6.4) 25 (3.5)
6 (L7 7 (.0

3 {0.8) 7 (1.0}
(sl {1)] Q{0

3 (0.8) T {1.0}
o om

Treatment-emergent adverse events {TEAES) are defmed s adverse events that occur after the start of randomized treatment; worst severity wsed if a subject

had multiple adverse events in a group. Subjects wete counted once per category per meatment. Medjeal Distlonary for

scientific rationale for the selection of the subjective end
points in OPUS-27"'° Furthermore, the symptomatic
treatment benefit observed with lifitegrast was replicated
across 2 different psychometric imstmments, the VAS
{which measures holistic impressions in fesponse to the
prompted terny) and the ocular discomfort score (which
measures the sympiom it the specific study ¢ye), suggesting
a oomgistent and broad respomse. Because subjects were
prohibited from uvsing any other ephthalmic medication,
including artificial tears, during the course of the study, the
significani improvement in symptoms can be attributed
dircctly to treatment with lifitegrast.

Although OPUS-2 met its symptom co-primary
end point, subjects trested with lifiteprast, compared with
those receiving placebo, did not demonstrate significant

Resulatory Actlvities vemion 14,1,

reductions in inferfor comneal staining or conjunciival
staimiflg parameters, outcomes that were observed in the
iot OPUS-1.7 In that study, lifitegrast-treated subjects had
gredter improvenent in infexior comneat staining score than
placebo-treated subjects (P = 0.0007)." However, OPUS-1
did not meet the symptom co-primary ¢nd point. The
dispatity of the observed ouicomes beiween the 2 studies is
Kkely due to several factors, including but not limited o the
multifactoral nature of DED, differences in experimentsl
conditions and subject selection criteria, and, most impor-
tant, the discordamce of signs and symprtoms in DED bath in
severity and in response to reatment.

The overall design of OPUS-2 was similar to that of
OPUS-1° with 3 main exceptions. First, in OPUS-1, subjects
were screened using a CAE,® whereas in OPUS-2, subjects

Table 4. Summmary of Most Frequent (>5%) Treamment-Emergent Adverse Events (Safety Popuiation)

System, Organ Class Preferred Term Placebs {n = 359), n. (%) Lifitegrast (n = 359}, & (%) All Subjects (N = 718), o {%)
Bubjects with =1 ocuiar TEAE 59 (16.4) 121 33.7) 180 (25.1)
Eve disorders 47 {13.1} 85 (23.7) 132 (18.4)
Reduced visyal scuity 23 (5.4) 18 (5.0) 41.(57)
General disorders and adminisoarion she conditions 11 {3.1) 57 (15.9) 68 (2.5)
Instillation site imitation 5{1.4) 28 (7.8) 33 (4.6)
Insrilladion sive renction 4{1.1) 25(7.0) 9 (4.0)
Subjecss with =1 nonocular TEAE 45 (12.5} 96 (26.7) 141 (19:6) ¢
Nervous system digprdess 11 (3.1} 83 (17.5) 74 {10.3)
Dyigeusia 1 {0.3} 56 (16.2) 59 {2.2)

TEAE = treatment-emengent advene svent. Medical Dictionary for Regulamry Activisies version 14.1
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were scieeped In the natural environment. Second, OPUS-1
did not requirc a minimum sevesity of the co-primary
symptom end point for emrollment, whereas OPUS-2
required a minimum eye dryness score =40 at baseline.
The combination of the usc of CAE and no preset symptom
threshold resulted in OPUS-1 emroiling subjects with dy-
natnic octlar signs and mild to moderate & . Third,
in OPUS-2, subjects were required to have recent use of
artificial tears. which increased the pmbwih'ty of enrolling
subjects wha were mors § ic. As a result of these
differences, OPUS-2 enrolled subjects with moderate to
severe symptoms as assessed by baseline inferior corneal
staining scores (QPUS-2, 2.40 points; OPUS-1. 1.83 points)
and eye d.ryness scores (OPUS-2, 69.45 points; OPUS-1,
40,9 pomts}, upsing a general definition of mdld to
moderate of <2.0 points (4-poim scale) for comedl stain-
ing and <40 points on the VAS (0—100 scale).

There may be a biological basis far the observed out-
comes for the cotneal staming end point in OPUS-2, For
subjects with advanced comeal staining at baseline, there
may be underlying comneal epithelial defects that increase
the difficulty of demonstating lifitegrast treatment respanse,
wherzas the drug response is readily observed in less-
diseased corneas where there is sufficient capacity for
epithelial sepair and recovery in the presence of lifitegrast,
In addition. the use of amificial teats, a requiremient for
enfollment in OPUS-2, may have reduced the prevaleace of
minor damages in comeal epithelium, makmg an effect
during the study more difficnit to detect. ™2

Thevastamm:ntofdamgmmmdbyﬂmhﬁt&grast
chinical stdies provide further evidence that signs and
symptoms function independently rather than interdepen-
dently."” This lack of interdependency remains the core
issue that bas plagued DED researchers over the past 2
decades vsing co-primary end point study desigps.

The safety profile of lifiregrast observed in OPUS-2 was
similar to that in earlier clinical studies of lifitegrast.*'* The
most comwonly reported TEAEs associated with lifitegrast
were ecular instillation site symptoms (e.g., irritation) and
dysgeusia (e.g., abnormal taste). Most ocular TEAEs were
mild to moderate in severity, and there were no unexpected
ormanuc:zpamd.&Ea There wers no teporied ocnlar or
drug-related serious TEAEs. There was no evidence of any
localized ocular ox systemic immunosappressive complica-
tions. Overall, lifitegrast seemed to be well tolerated when
administersd twice daily for 12 weeks in this study,

Study Limitations

Limitations of OPUS-2 mcluded selecting only subjects
actively using artificial tears, limiting treatment duration to
12 weeks, and excluding subjects with known active 3id
margin diseasc. The rationale fo Hmit subject selection to
aclive axtificial tear users was based on the assumption that
subjects with significant DED sympiomatology were more
Iikely to bo using artificial tears than subjects not actively
wusing artificial tears. However, this is arguably an imprecise
indieator of active DED because sub{ecm may use artificial
tears for reasons other than DED," and conversely, the

study may have excluded subjects with advanced DED who
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have given up using or never used artificial tears on a
routine basis.'” Efficacy outcomes for lifitegrast beyond 12
weeks have not bean evaluated. Given that DED is a chronic
condition and may requirc long-torm use of medication,
additional long-term studies are necessary. Fipally, the study
population comprised primarily subjects with aqueons-
deficient DED and specifically excluded subjects with
active id margin disease, Although many subjects with
DED have mixed components of both lid margin disease
and aqueous-deficient DED, the role of lifitegrast in man-
aging the inflammatoty componept of predominately mei-
bomian gland diseass bas ot yet been evaluated. |

In conclusion, OPUS-2 demonstrated that lifitegrast
ophthalmic solution 5.0% signi&cmﬂy improved symptoms
of eye dryness in subjects treated twice daily for 12 weeks
compared with placebo. In combination with earlier smdles
showing that hﬁ&egmst decreases corneal epnhehopaﬁly,
Lifitegrast holds promise as a novel inteprin antagonist for
the weatment of both signs and symptoms of DED and
warrants additional investigation.

References

L. Ametican Acadetny of Ophthalmology Comea/External Dis-
ease Preferred Practice Papel. 2011. Dry eye syndrome.
Limited revision. Available at: hilp://www.guidsline.gov/con-
tent.aspr tid=36094. Accessed Apnl 27, 2015.

2. Surn Y, Zhang R, Gadek TR, et al. Comeal infarnmation is
infibited by the LFA-1 antagorist, lifitegrast (SAR 1118),
J Ocul Pharmacol Ther 2013,29:395402.

3, Murphy CI Bentley E, Miller PE, et al. The pharmacolozic
assessiment of & novel lymphocyte function-zssociated andgen-
I antagonist (SAR 1118) for the treatment of keratoconjmic-
tivits sicca im dogs. Invest Ophthalmol Vis Sei 2011:52;
3174-30.

4. Zhong M, Gadek TR. Bui M, et al. Discovery and develop-
ment of potent LFA-1/ICAM-1 antagonist SAR 1112 as an
ophthalmic sofution for tresting dry eve. ACS Med Chern Lett
2012;3:203-6,

3. Sheppard ID, Torkildsen CGL., Lonsdale JD, ot al. Lifitegrast
ophthalinic soluton 5.0% for weatment of dry eve disesse:
results of the OFUS-1 phase 3 smdy. Ophthalmology
2014:121:475-83.

6. Gonzélez-Garcia MI. Gonzélez-Siiz A, de ia Fuente B. et al.
Exposwz to a controlled adverse enviromment impairs the
ocular sutface of subjects with mipmally symptomstc dry
eye. Invest Ophthalmol Vis Se 2007;48:4026-52.

7. Begiey CG, Caffery B, Chalmers RL. etal. Use of the Dry Eye
Questionnaire €0 measure symptoms of ocular imitation fo
patients with aquegus tear deficient dry eye. Cotnea 2002:21:
664-70.

8. Begley CG, Chalmers RL, Abetz L, et al. The relationship
between habitua] patient-reported symptoms and clinical signs
among patients with dry eyes of varying severity. Invest Oph-
thalmol Vis Sci 2003;44:4753-61.

9. Simpson TL, Situ P, Jones LW, et al. Dry eye symptoms
assessed by four questionnaites. Optom Vis Sci Z008:85:
£92-9,

10. Chalmers RL, Begley CG, Caffory B, Va]tdatmn of the
5-Item Dry Eye Questionnaire {(DEQ-5): discrinlination
across sclf-assessed severity and aqueous tear deficiemt
dry eve diagnoses. Cont Lens Anterjor Eve 2010:35:55-80.


http:th.\!J.uJ.ol
http:2007;48;402~'.32
http:i.n.st:illari.on
http:detect.11
http:minim.um

168/31/2816 18:35

714--897-4235

1887

FEDEX OFFICE PAGE 12

Tauber eral - Lifitegrast vs Placebo for Dry Eye Disease: OPUS-2

11, Christensen MT. Comeal stzining reductions observed after
treatment with Systane Lebricant Eye Drops. Adv Ther
2008;25:1191-9,

12, Davitt WF, Bloomenstein M, Christensen M, et ai. Efficacy in
patients with dry eye after treatment with s new [ubricant sye
drop formulation. T Ocul Pharmacol Ther 2010:26:347-53,

13. Nichels KX, Nichols §J, Mitchell GL. The lazk of assoctation
between signs and symptoms in patients with dry eye discase.
Comea 2004,23:762-70.

Footnotes and Financial Disclosures

14, Semba CP. Torkildsen GL, Lensdale JD, et al. A phase 2
randomized, double-tmasked, placebo-controlled study of ¢
novel integrin antagonist (SAR 1118) for the teatment of dry
eye. Am J Ophthalmol 2012;153:1050-50.

15. Farjo AA, Halperin GI, Syed N, et al. Salzmann's nodular
covncal degeneration clinjcal cherasteristics and surgical out-
comes. Comea 2006,25:11-5. _

16, Pham TT, Pery JD. Floppy evelid syndrome. Cum Opin
Opbthalmol 2007;18:430-3.

Originally recoived; May 21, 2015,

Finzl revision: July 28, 2015.

Accepixl August 3, 2013,

Available onlige: September 10, 2015.

! Tauber Eyc Center, Kanses City, Missowsi.
2 Koffler Vision Group, Lexington, Kentucky,
* Physician Eye Care of New York, New York, New Yok,

4 South Shore Eye Care, Wantash, New York.

# Martel Bye Medicsl Group, Ranctio Cardova, Califorais

* Sall Research Medical Center, ., Artesia, Califomiz.

7 Shire, Wayns, Pennsylvania,

Presented at the American Society of Catavact and Refractive Smpery and
American, Society of Gphthelmic Administrators ium & Congress,
the primery seport of the OPUS-2 study on Aprl 25—20, 2014, Bosten,
Massachuseus.

*A list of the members of the OPUS-2 imvrstigators appears in ths
Appendix (available at www.2a0fournnl org).

Financial Disclosure(s):

The sufhor(sy have made the following disclosure(s): JT.. Research
funds ~ Shire/SARcode.

PE: Copsulant — Shire; Resexvh fukds — Shire/SARcoda.

R_E.: Research funds — Shic/SARcods,

TL.: Personal fees ~ AlMergan, Alcon, Shire, Tedr Lab, Bausch & Tomb/
Valeant, Nicox, Doctor’s Allergy: Equity owner — RPS, CXL Ophthalmics,
Calhoun Vigion, Omega Oplrthatmics, Insightful Solutions, Optimedics;
Resparch fands -~ Eléven Biotherspentics, Auven, and Shire’SARcode.

Mamuseript no. 2015-841,

IM. and K.§8.: Researeh fands — Shire/SARcods.

AR.: Employes of 2nd an equity owaer — Shire.

V.S, and CP.S.: Employess of Shirc (at the time the study was conducted).
Fanded by SARcods Biosciencs (now a whally owned subsidiary of Shire)
id Siire. SARcods and Shite participaied in the design of the sudy,
copduct of the study, data collection, data msmagement, data snslvsis,
interpretation of the dats, and manuscript preparation, review, and approval.
The authoss thank Lisa Haker of Excel Scientific Solutrons, who provided
medical writing assistance, funded by Shire,

Conception and desigr: Smith, Serba

Dats coliectione Tauber, Karpecki, Latkany, Luchs, Martel, Sall, Smith,
Samba

Analysis and interpretation: Tauber, Karpecki, Latkany, Luchs, Manel,
Sell, Raychaudburi, Smith, Semba

Obtaiged fitnding: Not applicable

Overall responsibility: Tsuber, Kiepecks, Latkany, Luchs, Martel, Sali,
Raychaudhozi, Smith, Semba

Abbreviatons and Acronyms:

ANOVA = apalysis of vatiance; CAE = contralled adverse environment;
CI = confidance intervel; DED = dry eys disease; TIT = intent-bo-teat
LOCF = last obeervation camed forwad; SD = swndard deviation:
TEAE = treatment-emergent adverse event; VAS = visua] apalogue sesle,
Comespendencs: .

Joseph Tember, MD, Tavher Eye Conter, 4400 Bromdway, Spiz 207,
Kansas City, MO 64111, E-mail: jt @tauberey=com.

2431


http:alm:nt-co::i.i::i:gcl.ll
http:Ophlhalm.cs
www.i1il0joumu.l.(l,g
http:co1"TJ.C.1l
http:trcatmi:.nt
http:Ufi.teg:ra.st

18/31/201E

1a:36

714--897-4235

FEDEX OFFICE 18@7

Lifitegrast, a Novel Integrin

Gary N. Foupxs, MD, so1rcR

@ GrossMark

Antagonist for Treatment of Dry Eye Disease
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ABSTRACT The etiology of dry eye disease (DED} is com-
plex and not yet fully understood, but the disease is now
recoghized as being associated with oculsr surface inflam-
matian, The latest advances in the understanding of the
pathophysiology of DED have directed the Focus of recent
drug development to target the inflammatory pathways
involved in the disease, Lifitegrast Is a novel small molecule
integrin antagonist that inhibits T cell-mediated Inflamma-
tion by blocking the binding of two Important cell surface
proteins (lymphocyte function-associated antigen 1 and
intercellular adhesion molecule 1), thus lessening overall
inflammatory responses, This review highlights the role of
T cells and integrins in the inflammatory process involved in
the pathophysiclogy of DED and oumtlines the scientific
rationale for the role of lifitegrast. In addition, the predinical
development, pharmacological properties, clinical efficacy,
and safety of lifitegrast are desaribed.
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L INTRODUCTION
ry eye disease (DED; also referred to as keratocon-
{ junctivitis sicea or dry eye syndrome) is & multifac-
; ' torial disorder, chaxacterized by either decreased
tear production or increased tear film evaporation,’ which
affects both the ocular surface and the lacrimal gland.
Although its pathogenesis is not yet fully elucidated, DED
is now recognized as a disease assaciated with ocular surface
inflammation.” Indeed, the infiltration of T cells in the
lacrimal functional unit, including the conjunctiva and
lacrimal glands, is known to result in chronic inflammation.

The role of T cells is pivotal in the development of cell-
mediated immune responses. More specifically, CD4
positive (4) T helper (Tzg) 1 and Tyl? T cells have been
identified as mediators of ocular sutface inflammation in
DED? Recruitment and activation of these T ¢ells at the
ocular surface lead to the release of effector cytokines and
contribute to the ocular tissue damage seem in patients
with DED. In fact, promflammatory cytokines have been
detected in the tear film of patients with DED.™* Therefore,
it is hoped that therapies targeting T cells will provide a
more efficient means to treat DED.

Currently available treatments include immunomodula-
tors and immunosuppressive agents (2.8, ophthalmic cyde-
sporine [Restasis®)” and ophthalmic corticosteroids).'
Ophthalmic cyclosporine is presently the only approved pre-
s¢ription therapy for use in patients with DED in the United
States and Canada. Despite the progress made in recent
years in the understanding of the pathophysiology of
DED, there is at present no single on- or off-label medica-
tion that displays all the following characteristics and bene-
fits of an ideal DED agent: 1) exhibits good tolerability and
long-term safety, 2) has 2 rapid onset of action, 3) targets
key steps of the inflammation cycle, and, mast importantly,
4) treats both signs and symptoms of DED. Thus, there is an
unmet need for new and effective DED therapies, and the
recent focus of drug development has been to find novel
compounds targeting inflammation.
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involved in the pathogenesis of DED. Based on the current
understanding of its mechanism of action, Efitegrast blocks
the recruiiment and activation of T cells to the ocular surface,
thus lessening overall inflammatory responses. I approved,
lifitegrast has the potential to be the first treatment indicated
to treat both signs and symptonos of DED.

Hexzin, we review the role of T cells and integrins in the
inflammatory process involved in the pathophysiclogy of
DED and outline the scientific rationale for the role of lifite-
grast. In addition, the preclinical development, pharmaco-
logical properties, clinical efficacy, and safety of Lifitcgrast
are described.

il. ROLE OF T CELLS, INTEGRINS, AND ADHESION
LIGANDS IN THE INFLAMMATORY PROCESS AND DRY
EYE DISEASE

A. immunology of DED

The pathology of DBD is not yet fully understood, but
there is growing evidence that T cell-mediated inflammation
playsa central role in the disease.”” The role of T cefls in DED
involves the following 6 steps: 1) uptake and processing of an-
tigens from the ocular tissue by antigen-presenting celis
(APC) on the ocular surface, 2) priming of T cells by APCs
in the lyraphoid compartment, 3) migration of T cells through
the blood vessels, 4) recruitment of T cells to the conjunctival
sttoma, 5) activation of T cells, and 6) retention of T cells into
inflamed tissues, as illustrated in Figure 1, Specifically, when
desiccating environmental stress is applied to the ocular sti-
face, it induces tear hyperosmolarity and the release of proin-
flammatory cytokines (eg, interdeukin [IL]-! and turnor
necrosis factor [TNF]-2) via activated kinases® This proin-
flammatory milieu promaotes the activation and maturation
of APCs. The migration of mature APCs to Iymph nodes in
turn triggers the generation of antoreactive CD4+ T cells®
that journey to the ocular surface, where additional cytckines
are produced, thus causing further damage to the corneat
epithelittm and conjunctivel cells (Figure 1).

18/31/28l6 18:36 714--897-4235 FEDEX OFFICE 1887 PAGE 14
LIFITEGRAST FOR TREATMENT OF DRY EYE / Perez, et al :
DUTUNE. - . Abbreviations -
I. h'atrodu:ﬁon : ' ' : + ' Posive 0 e o 7 i
‘of T Calls; integfins, and Adhesion [igande inthe ~~  ~ ARE T mugewesmnng caﬂ g™
Anflammatory Process and Dry-Eye Disease - | CYPasD Cytochrome P450.
2 K immundogyofDED ' - DED . Oryeyedisease S
-:. B ntegrin Slgnalmg in 1he hwnunmnﬂ.ummamry | <pa S Half maximal inhibitory cnncam:ﬁmun j
.- Pathway | KCAM-T ' intercellular adhesion mohecuie A
L. ﬁevelapmemofuﬁtegmst, an !mgrin Antagomsnas‘ g ICSS -0 Inferiof cornéal waming score w1
.8 Treztment for Dry Eye Disease - ; S WM mtederon. o o ‘
A. Discovery andDarEiopumrtafLﬂ”ltegmst o WAL Interdeukin 1 : ' Rl
B Mechanmafmionofmuegrasta:mewecular . . immunological synapse . - ot
oo andCallular Lavels “LFA-1- 7 . ,melwc,ﬁeﬂrcﬁmassnnamdanngemr ;
€. Liftegrast-An’ Ophﬁmalﬂuh .A.g'ent_for'{'reaummﬁf.-- .. MMP ..Mwmmemwmw IO
_ - Dry Eye Dlséa:.'e i : MK ,._"Pharmamkmeuc k| :
NCmclusmn . - S SRR ;Stardarddeviatim
- T I.'Thdperceﬂ
Lifitegrast is a novel swall molecule imtegrin antagonist - TNF.~Tumor necrosis fa‘m‘
that inhibits a specific T cell-mediated nflammatory pathway ""9 \

" Regulatory T'cell

Understanding the mechanisms involved in the onset
and progression of DED is key to the successful develop-
ment of effective therapeutic interventions. A number of
investigational studies and animal models of DED have
helped identify and quantify the T cell subtypes and bio-
markers (e.g. cytokines, chemokines, and ILs) of ocalar
inflammation that are implicated in DED. CD4+ T cells,
which ere found in ocular surface tissnes of patients with
DED, are the primary infiltrating cells imvolved in

DED2%% CDat T eells can differentiate via divergent
pathways jmto 4 distinct subsets of T cells, namely Tul,
Tu2, Tgl7, and regulatory T cells (Treg), depmdmg on
which stimuli are driving the onset of inflammation."’

Recent human and experimental marine dry eye studies
showed that a Tyy1- and Ty17-mediated inmynune response js
induced in the lymphmd compartment upon engagement
with mature APCs,**"* as depicted in Figure 1. Tyl and
Tyl7 cells subsequently migrate to the ocular surface, where
they secrete additional markers of inflammation, in partic-
ular interferon (IFN}-y and IL-17, respactively.”* These cy-
toldnes in tum promote the production and release of
various proinflammatory mediators (including <ytokines,
chemokines, and matrix metalloproteinases [MMPs]) by
the conjunctival and corneal epithelimm, thus creating 2
self-perpetuating cycle of inflanimation. Relative costribu-
tions of Trl and Tp17 cells to the pathogenesis of DED
are not fully understood, but evidence suggests that IEN-y
causes conjunctival goblet cell loss and apoptosis of the
ocular surface epithelium,” while IL-17 stimulates the pro-
duction of MMPs that cause breakdown of the corneal
epithelial barrier.* When damaged, the corneal epithelinm
allows pgreater access of pathogens and inflammatory medi-
ators to the comeal epithelium and stroma (Figure 1),
events that may lead to decreased vismal function for pa-
tients with DED."?
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Flgure 1. The dry eye immunoinfliammatory pathway. APC = antigen-presenting cell; ICAM-1 = intercellular adhesion motecyle 1: IFN = Iriterferm:
IL = interleukin: LFA-1 = fymphocyte function-assoclated antigen 1; mAPC = mature antigen-presenting cell; MMP = matrix metalloproteinase: Ty =T
helper ceil: TNF == tumor necrasis facton Treg = vequlatory T call.
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Taken together, these findings suppert the idea that
inhibiting T cell recruitment and activation by APCs during
the development of the inflammatoty response in DED
should result in decrsased levels of pathogenic mediators
and less inflammation on the ocular surface,

B. Integrin Signaling in the Immuncinflammatory

Pathway

Integrins are cell surface receptors involved in the inte-
gration between extracellular and intraceflular signals in
many biological processes, including cytoskeletal organiza-
tion and cell adhesion, migration, proliferation, differentia-
tion, and survival.” During an immune response,
integrins mediate 1) cell adhesion to the extracellular matrix,
and 2) cefl-cell interactions (e.g, T cell activation), which are
central to the pathology of many imflammatory diseases,
including DED (Figure 1).

Naive and memory T cells circulate freely in blood ves-
sels, monitoring for foreign antigens. Integrins are specific
heterodimeric receptors used by T cells to routinely migrate
in and out of lymph nodes when unchallenged, or into other
tissues following activation by an inflammatory signal.'* At
the beginning of an inmune response, T cells need to be
zble to access the site of inflammation by crossing the
vascular endothelium of blood vessels, This process is
enabled by 2 specific integrin expressed on T cells and
termed lymphocyte function-associated antigen 1 (LFA-1),
¢1f,, or CD11a/CD18, throtgh binding to its native ligand,
intercellular adhesion molecule 1 (ECAM-1). The expression
of LFA-1 is restricted to | and LFA-1 is 1 of 12
integrins (out of the 24 known'”) used by T cells to direct
their movernent and function.**

ICAM-1, an adhesion protein expressed on a variety of
zells including APCs and endothelial cells, was first proven
to be a ligand for LRA-1 in 1987 by Marlin and Springer.'®
This discovery, together with additional studies, established
the understanding of the LFA-1/ICAM-1 pair as a key ache-
sion pathway in T cell-mediated inflammation """ Specif-
ically, the interaction of LPA-1 with ICAM-1 is importaat
not only for T cell adhesion to endothelial cells before trans-
endothelial migration to inflamed tissues, but also for T cell
interaction with APCs. At the site of inflammation, T cells
come into contact with APCs. Upon antigen presentation
and recognition, key receptors at the ceil-cell interface reor-
ganize to enable the formation of an immunclogical synapse
(I8), which stabilizes once ICAM-1, expressed on APCs, is
bound to LFA-1."** The mature IS in turn helps sustain
the otherwise transient interaction between the T cell and
the APC, which facilitates the propagation of downstream
proinflammatory factors, from the T cells themselves and
from other bystander cells (Figure 1). In the ocular surface,
T cells and cornesl epithelial cells produce these signals (e.g.,
IEN-y, IL-17, TNE-0, IL-1) accordingly.

TNF-% and IL-1 are known to amplify the inflammatory
response by inducing the expression of [CAM-1 on epithe-
lial cells in patients with DED.*** LFA-1 also is upregulated
in the conjunctiva of patients with DED.* The presence of

21¢

excess JCAM-1 acts as an activating signal for patrolling
T cells in the conjunctival and comeal tissues, It drives the
recruitment of additional T cells to the ocular surface
through increased LFA-1 expression, thos contributing te
the perpetuation of mflammation. Based on the current un-
derstanding of DED, blocking the LFA-1/ICAM-1 interac-
tion could be a viable strategy for the prevention and
treatment of ocular surface inflanmation.

Targeting integrin signaling has been shown to be a valid
drug discovery strategy and has allowed the development of
drogs with potent anti-inflammatery activities in various
autoimmune/inflammatory diseases.” For example, efalizu-
mab (Raptiva®),* a recombinant humanized monoclonal
immunoglobulin G1 antibody agsinst the « subunit of
LEA-1 (anti-CD11a), was one of the fitst integrin antago-
nists to be marketed for the treatmenit of moderate to severe
psoriasis.'* ¥t was designed to bind to LFA-1 and block its
function in T celt activation it lymph nodes, T cell adhesion
and extravasation: to inflamed skin, and T cell reactivation in
the skin by APCs. Natalizumab (Tysabri®)* is another
approved drug (for the treatment of relapsing forms of mul-
tiple sclerosis) that targets an integrin pathway, specifically
the @4-integrin subunit® Targeting integrin sighaling sys-
tematically can increase the risk of certain rare infections,
a side effect that would not be anticipated in a topical medi-
cation. that reaches systemic circulation at extremely low
levels and then is rapidly excreted. Additionally, because fifi-
tegrast is & small molecule antagonist to a specific amino
acid sequence of ICAM-1 and not an antibody, it is expected
that associated side effects will be minimal

Preclinical studies in various ocular diseases have shown
that inhibiting the inteeaction between integrins and their -
gands, particolarty LFA-1 and ICAM-1, holds promise as a
therapeutic approach. In a mouse model of induced allergic
conjunctivitis, it was establiched that the greatest inhibition
of cellular infiltration in the conjunctiva was achieved with
the treatment combination of anti-LFA-] and anti ICAM-
1 manoclonal antibodies,”® compared with monotherapy
with efther antibody. In murine endotoxin-induced wveitis,
a model for acute inflammation, Becker et al observed a
reduced pumber of infiltrating leukocytes in animals
receiving neutralizing antibodies for either LFA-1 o
ICAM-1.%

These prectinical studies constitute proof-of-concept ev-
idence for targeting integrin signaling in order to- reducs
ocular surface inflarnmation. Az the time these discoveries
were made, it became apparent to experts in the field that
if a sl molecule that blocked the interaction between
LFA-1 and ICAM-1 could be developed, it had the potential
to translaie into clinical use.

ill. DEVELOPMENT OF LIFITEGRAST, AN INTEGRIN
ANTAGONIST, AS A TREATMENT FOR DRY EYE
DISEASE

Lifitegrast is a novel small molecule integrin antagonist
that blocks the binding of ICAM-1 to LEA-1, thus interrupt-
ing the T cell-mediated inflammatory cycle.
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A. Discovery and Development of Lifitegrast

Protein-protein interactions are central to a majority of
biological processes, and are challenging tarpets to tackle
with small molecule inhibitors *® These interfaces are Jarge,
complex, and difficult to dismpt because of flat surfaces or
less-defined binding sites.

In 2002, Gadek et al described the identification of a new
series of ICAM-1 mimics and LFA-1 antagonists.> It was
hypothesized that JCAM-1 could act as a drug discovery
lead in the generation of small molecule therapeutics, and
the authors succeeded in transferring the binding epitope
of ICAM-1 to a small molecule framework. By examining
& whale host of molecules through combinatorial chemistry
and structure-activity relationship, Gadek et al demon-
strated that a molecule coded as Compound 4 (Figure 2)
directly inhibited the association of LFA-1 with ICAM-1
by binding to a high-affinity site on LFA-]1 {I domain of
the ¢z subunit).

Between 2010 and 2012, Zhong et al reported the discov-
ery and development of a potent tetrabydroisoguinoline
class of LFA-1/ICAM-1 antagonists,”** from which
lifitegrast™ (Compound 1g in Zhong et al%; Figure 2) was
identificd as a promising drug candidate. The central tetra-
hydroisoguinoline moiety was designed to retain potency of
binding affinity to LFA-1.

B. Mechanism of Action of Lifitegrast at the Molecu-

lar and Cellular Levals

Based on earlier work on putative ICAM-1 mimics and
LFA-1 aptagonists {including Compourid 4) by Gadek
et al*! and pre-discovery and development of lifitegrast, it
has been hypothesized that these molecules bind directly
to the ICAM-1 binding site on the | domain of the LFA-1
o subumit and act as direct competitive antagonists to block
ICAM-1 binding* Alternative attempts to determine the
mechanism of inhibition of these compounds (including
Compound 4) via surface plasmon resopance experiments
suggested that these molecules might not be ligand mimetics
of ICAM-1, but that they instead bind to the Flike domain
of the LFA-1 B, subumit in an allosteric fashion” The
mechanism of action of lifitegrast (and other putative
ICAM-1 mimics and LFA-1 antagonists) was still under
debate until recently. At international congresses in 2013
and 2014, Semba et 3l reported additional findings on lifite-
grast itself, supporting the componnd as a direct competitive
antagonist of the binding of ICAM-1 to LFA-1 (personal
commumication, July 2015). In a live-cell experiment™
created to mimic the binding of LEA-1 to FCAM-1, it was

wﬂj %C&;L&m

Campound 4 Lifltagraxt
Figure 2. Molzcular stuctures of Compaund 4% and lifitearast >

found that lifitegrast inhibited the formation and activation
of the IS by affecting LFA-1/ICAM-1 adhesion and by out-
competing ICAM-1 binding to LFA-1 in a dose-dependent
fashion. These results confitmed earlier in vitro work
demonstrating the ability of lifitegrast to inhibit the attach-
ment of Jurkat T cells to ICAM-1.* :

Lifitegrast inhibits the LFA-1/ICAM-1 interaction and as
a result should block the subsequent cycle of T cell-mediated
inflammation (Figure 3). Lifitegrast’s downstream effect on
cytokines has been reported in multiple preclinical studies,
The drug has been shown to reduce corneal inflammation
in mice by inhibiting neutrophil recruitment to the corneal
stroma,* and to inhibit cytokine release from activated Iym-
phocytes in vitro.” Specifically, the inhibitory effect of lifite-
grast was significant at 1 pM for IEN-y, IL-1f, TL-10, and
macrophage inflimmatory protein 1¢, cytokines and che-
mokines whose presence in tears correlates with the clinical
severity of DED.*! In the phase 1 clinical study,*? Semba et al
showed that tear concentrations of lifitegrast in healthy vol-
unteers reached, and in some instances excesded, the targret
acular therapeutic level of =1 pM. Additionally, administra-
tion of lifitegrast was found to be efficacious in 12 dogs of
various breeds, all prone to develop spontaneous keratacon-
junctivitis sicca™ This body of predinical evidence
confirmed potent dose-dependent inhibition of lifitegrast
on the T cell activation, T cell recruitment, and cytokine
release steps in the inflammatory process (Figure 3), thus
suggesting that treatment with bifitegrast should decrease
the inflammatory response and reduce levels of proinflam-
matary mediators in patients with DED.

C. Lifitegrast: An Ophthalmic Agent for Treatment of

Dry Eye Disease

Topical administration is & minimally invasive therspy

for patients and has the advantage of increasing the selec-
tivity of a drug for its intended target. Nevertheless, deliv-
ering & drug to a specific site of action in the eye is still a
challenge for scientists. Lifitegrast was rationally designed
and developed to be topically administered as an aphthalmic
solution for treating DED. The compound was thus engi-
neered to have a favorable pharmacokinetic (PK) profile
in the eye, with the following properties:

1) Strong inhibition of T cell adhesion to ICAM-I
expressing sarfaces. Zhong et aj demonstrated that Lifi-
tegrast was potent in T cell adhesion assays, including
the HUT 78 T cell adhesion assay (half maximal
inhibitory comcentration [ICs} = 9 nM).*> Murphy
et al showed that lifitegrast strongly inhibited Jurkat
T cell attachment to ICAM-1 (ICso = 2.98 oM),”
thus confirming that lifitegrast inhibits the recrait
ment of T celis. :

2) High solubility in agqueous media.>® Together with
drug permeability, solubility is one of the important
parametars that helps achieve desired drug concentra-
tions within targeted ocular tissues. Several tech-
niques exist to enhance solubility of = dmg
compound in aqueous media, including chemical
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Flgure 3. Mechanism of action (MOA) of lifitegrast at the cellular lavel. [CAM-1 = interceliuler adhesion melecule 1; LFA-1 = lymphocyte function-
asseciated antigen 1; MAPC = mature antigen-presenting cell; Ty = T helper ceil, Disdlalmes: this figure illustrates the current understanding of the
#4028 of bfitegrast based on completed preclinical and clinieal shudies. Additional studies in the pasterior ocular tissuss and vascular system ae
required to further elucidate the MOA of lifitegrast.
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modification. by formation of a salt.™ Lifitegrast is
formulated as a sedium salt, which allows for concen-
frations of <100 mg/ml (10%) to be isotonic with
human tears at ~300 mOsmol/L Lifitegrast dosing
strengths of <50 mg/ml (5.0%) have been nsed in an-
imal and human studies to maintain the ophthalmic
solation. at physiological pH.* The lifitegrast formu-
lation currently under development for the freatment
of DED is a preservative-free 5.0% solution and as
such, the product is provided in single-unit dose vials.
Lifitegrast’s formulation is preservative free in order
te minimize aggravation of dry eye that can be caused
by such additives.*

Rapid absorption into ocular tisswes. Animal models
have shown that greater rates of drug penetration
and delivery across barriers can be achieved as a
result of lifitegrast’s high inirinsic solubility and
good permeability. The ocular PK of lifitegrast was
determined by radivlabeled experiments in rats®®
and dogs.® Therapeutic levels of the drug were
observed in all ocular tissues, specifically in the bulbar
conjunctiva, palpebral conjunctiva, cornea, aqueous
humor, vitreows humeot, and sclera, 30 min after a
single topical oculat administration of C-lifite-
grast® Qcular penetration also was investigated in
dogs, and this has confirmed previous findings.”
Concentrations of radioactivity were detenmined to
be the highest in the anterjor tissues {bulbar conjuac-
tiva, palpebral conjunctiva, and cornea) 30 min post
topical dosing. In the human diseased eye, the corneal
epithelium and stroma act as barriers between intra-
ocular tissues and the vascular system, thus limiting
the permeation of topically administered ophthalmic
dmgs.‘“’ In animals, drug levels in ocular tissues can
be determined directly through barvesting of the
eyes, unlike in humans, Sernm plasma concentrations
of lifitegrast, determined from patient blood samples,
are an indirect measure of the drug’s ability to pene-
trate ocular tissues. Indeed, once a drug accesses pos-
terior ocular tissues, which are highly vasenlarized, it
is subjected to vascular absorption and dearapce into
the systemic circulation. Peak plasma concentrations
of Jifitegrast in subjects receiving a single drop of
the 5.0% formulation in the phase I clinical trial
were detected within 5 min of topical delivery in
the eye,”” thus confirming the rapid absorption of lifi-
tegrast into human ocular tissues.

Rapid clearance from the systemic cihrculation. Rat
intravenous PK experiments showed a short half-life
(0.78 h), high clearance (139.2 ml/min/kg) and low
systemic exposure (area under the concentration
curve = 705 h*ng/kg) for lifitegrast™ This was
confirmed in the phase [ study in healthy subjects,
which established that low plasma levels of lifitegrast
were cleared within 14 hours of dosing.* Addition-
ally, lifitegrast was shown to have good metabolic
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stability in vitro in both human and rat liver micro-
somes (71% and >95%, respectively, afrer 30 min in-
cubation). which contain various drug-metabolizing
enzymes including cytochrome P450 (CYP450) en-
zymes.” CYP450 enzymes are primarily found in
the liver, but they are known to be present in corneal
tissues end to participate in drug detoxification, ¥

5) Good safety profile in vitro and in vivo.*® The com-

pound was shown to be negative in the Ames test,
an assay used to determine whether a chemical can
cause mutations in the DNA of the test species {in
this instance, bacteria strains}). Lifrtegrast had low po-
tency in the CYP450 inhibition assay (CYP3A4 {one
of the major isoforms], ICs, 20 UM; CYP2C9,
ICs; = 3.0 M), which tests whether a chemical cap
affect the activity of CYPs and thus potenptially alter
drug metabolism in patients,*” thereby causing thera-
peutic inefficacy or unanticipated adwverse reactions.
Additionally, lifitegrast exhibited low potency in the
human ether-d-go-go-related gene agsay (patch damp,
1Cs =20 pM), which tests whether a chemical can
cause torsades de pointes, thus predisposing a patient
to sudden cardiac death. The phase I clinical study in
normal healthy adults® confirmed that lifitegrast was
well tolerated when administered in single and multi-
ple ascending doses. Specifically, subjects did not
experience any cinically meaningful changes in their
health assessments (vital signs, clectrocardiogram,
and complete ophthalmologic exam).

In summary, lifitegrast is optimized for ocular use, with
an excellent PK profile and a very low systemic exposure.
Hence, it is expected to work effectively in the human eye
without systemic side effects.

Lifitegrast is corrently in late phase III development. The
lifitegrast clinical development program is the largest of its
kind; it began in 2008 and has enrolled >1,800 patients
with DED (placebo and lifitegrast groups). Four clipicel
studies (3 efficacy and safety studies and 1 long-terni expo-
sure safety study) have been completed to date, with furthey
teseazch in progress. Evidence of the eﬂicac}' and safety of
lifitegrast in patients with DED has been observed in the
following clinical stadies, which were carried out exclusively
in the United States.

1 a phase II clinical stody {ClinicalTrials.gov idéntifier,
NCT00926185),% the group of subjects treated with lifite-
grast ophthalmic sclution 5.0% did not show a statistically
significant difference from the placebo group for the single
primary efficacy endpoint (sign), mean inferior corneal
staining score (IC8S) at day 84 (last wisit, week 12). A pre-
specified secondary sign endpoint, mean (stendard devia-
tion, $D) change in ICSS from baseline to day 82 (from
week 0 to week 12), showed a significant response for the
lifitegrast ophthalmic solution 5.0% group compared with
placebe {0.05 [0.773] vs 0.40 [0.802], P=.021). Significant
improvements in & prespecified secondary symptom
¢ndpoint {change on the visual-related function subscale
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cfasymptnm scale) also were noted from baseline to day 84
in the lifitegrast group compared with placebo (—0.30
[0.934] vs 0.07 [0.929], P=.039).>°

Following the promising findings in the phase 11 study,
the OPUS-1 phase [1I clinical study (ClinicalTrials.gov iden-
tifier, NCT01421498)°" was conducted between 2011 and
2012, with coprimary objective (sign) and subjective (symp-
tom) efficacy endpoints. Analysis of study results showed
that the mean (SD) change from baseline to day 34 in
ICSS was greater in the lifitegrast ophthalmic solution
5,0% group compared with placebo (—0.07 [0.868] vs 0.17
(0.819}, P<.001), The symptom coprimary endpoint
(change on the vismal-related function subscale) was not
met in this study. However, improvements were notad at
day 84 in ocular discomfort in the Iifitegrast group
compared with placebo (LI0 [1.153] vs 131 [1.182),
P=.027) and eye dryness in the lifitegrast group compared
with placebo (25.00 [28.870] v= 30.39 [30.773], P=.029).""

The OPUS-2 phase I clinical stody (ClinicalTrials.gov
identifier, NCY01743729)"° was conducted between 2012
and 2013, with coprimary sign and symptom efficacy end-
points. Study results showed that subjects treated with lifite-
grast ophthalmic solution 5.0% experienced greater
improvement in eye dryness score (mean [SD! change
from baseline to day 84) than subjects treated with placebo
(—35.30 [28.400] vs ~22.75 [28.600], P<.001). Additionally,
norninally significant improvements were noted in the sec-
ondary symptom endpoints ocular discomfart in the lifite-
grast group compared with placebo (—091 [1.280]
vs —0.57 (1.354], nominal P<.001), and eye discomfort in
the lifitegrast group compared with placeho (—2646
{31.328] vs —16.73 [31.207], nominal P<.003). The sign
coprimary endpoint (mean change from baseline to day 84
in ICSS) was not met in this study.®® In the phase IL
OPUS-1 and OPUS-2 studies, lifitegrast was generally well
tolerated and there were no serious ocular treatment-
emergent adverse events.

The SONATA long-term safety study (ClinicalTrials gov
identifier, NCT01636206) of lifitegrast ophthalmic solution
5.0% is completed. Results from this study were presentad
at congresses in 2015 2and provided further evidence of the
safety of lifitegrast. Full results will be published separately.
The OPUS-3 phase Il dindcal study (ClinicalTrials gov
identifier, NCT02284516) is completed. Resuits will be pub-
lished separately.

V. CONCLUSION

Integrin inhibitors have been found to have potent anti-
inflammatory effects in several auntoimmune/inflammatory
diseases, Targeting specific iaflasumation steps, including
integrins and cytokines, is a2 promising avenue for the devel-
opment of new and effective therapeutic interventions in
DED, Lifitegrast is a novel integrin antagonist specifically
developed to target the LFA-1 {an integrin) and ICAM-1
(an intercellular adhesion molecule) interaction, Lifitegrast
inhibits T cell recruitment, T cell activation, and subsegquent
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cytokine release, thereby targeting a specific inflammatory
pathway involved in the pathogenesis of DED.
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