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1. Benefit-Risk Assessment

All disciplines recommend approval of the application and/or defer to clinical for interpretation
of the findings from clinical studies and presence of impurities exceeding ICH recommended
levels. I have addressed these issues in the review that follows, and agree the application will be
approved.

See Benefit —Risk Table summary below

CDER Division Director Summary Review Template 2015 Edition 3
Version date: July 29, 2015. For initial rollout (NME/original BLA reviews)

Reference ID: 3894523



€2G¥68¢ ‘Al ddualsjay

(sMa1A31 I [eUIBLIO/HIAN) IO[[OI [BIIUT 10 *STOT ‘67 AInf :3)ep UOISIOA
14 uonIpg S10Z Ae[dwa |, MAIARY ATRUrung 10j0211(] UOISIAIC YAAD

122220 VAN ‘%S¢ (uonnjos orwpeyiydo auresopry)

“BISayjsaue [ed1do) Suroe-110ys 10§ UV SB [[aM SB ‘SOLIUAS JAYI0 pue /70080 VANY ‘%S 0 (uonnjos srwpeyjydo
uondo Jayjoue $I19JJ0 dUIBIRIID apuio[yd0IpAy aureseredoid) auredsy apnjour sonayisaue [eo1do) 9jqereAr Appuain))
"UONORIXD

j1oRIRIED SB yons suonerado [ed13ins 03 Jo1id pajedipur osfe st eisayisaue [eardoy
Sunoe-10ys 2inpasod ay) Jo uonajdwod [nyssadons 10J vIsayisaue [eo1do) wie)-1oys
'saanpasoad pasu uonjeurwexa 91doosoruod pue sisougerp ur Furderds [eArzoun(uod ‘LauI0d

9say} Jo awos 3uro3iapun syuaned AU} WOJJ SaININs pue saIpoq u31a10j Jo [eAowal ‘(Anawouo)) ainssald renooenul
pajenjeAa sarpmys paysijqngd JO JuaWRINSEAW SB Yons 242 ay) uo sainpadsold urensd Surosiapun sjudne

SUOSEIY pue suoisnpuo)) SN UIBLINDU) pUE DUIPIAY uorsuduwiq

‘suonnjos srwpeyydo [eardoy sureseredosd pue suresopi| ajqe[reae

Apuarmnd 0y uonippe ur uondo Jayjoue s1jjo 1onpoid Yy BISIYISAUR JO JASUO A} 210J2q ‘Uone[[isul uo ured pue FuISurls a1 SUOIOLAI ASIAPE

UOWIWO) JSOW Y |, ‘uonewojur Jurqrosaid ay) Jo Uordas suorneddld pue sSUILIB A\ Y} Ul PAPN[OUT A1 BAUIOD Y} 0) d5ewep 1o suonesrjduwod

pajeroosse pue asn jeridorddeur Suimoog SYSTY "SULIO} YOJe A\ PJA WO} PUB ‘SI[OTLIR MIIAAI WO ‘SAIPNIS [BIIUI[D PA[[OJUOD [BNPIAIPUL

awos ur papodar azom elep Aojes sanuiw ()Z-01 A@rewrxordde sise| pue Spuodds (Z-(] INOQE Ul SINIJ0 JI3JS J1IdYISuR A [, ‘A193Ins

j10BIRIRD pue ‘UondlUr [RanIARIUI ‘Anawouo) wolj Fuisuer ‘vonendod Apms ay) ur A123.ns 10 uoneurwex? ay) wuojrad oy 1sisojoweyydo

Ay} pa[qeua ANARISUIS Ul uononpal siy ‘doip ay Jo uonessIuIUpe 13)Je a109s ured Ay} Ul UOTIONPAI B PAILNSUOWAP PUR ‘ONAYISAUR JAYJOUR

0} paredwod sem dUILORIA) ‘SAPNIS JAYIO U 193JJ2 O1YISaue $31 Jo Jed se AIANISUS [BAUIOD PAoNPal durede}d) ‘(ANANISUS dul[aseq 1y

0} paredwod) [01UOD [BILIOISIY B SB PAAIS Juaned ) a1dym SIIPNIS Ul PAJRIISUOWdP SeM AoBd1Ja Y] 's1onpold uod[y ay) pajid pamarAdl SAPNIs

91 ay) Jo om) iK19)es pue Aoed1jJe 10J armerdi] paysiiqnd uo parar uonesrdde (7)(q)s0s SIyL -aampasoad jo uoneinp pue adA) ay) uo Jurpuadap

pareadar 2q Aew pue ‘doap 2[3uls e se pasdjsiurwpe s auresend | ‘sisisojoweyydo Aq pawaoyiad pue Jusw3as J0LIdJUR Y} SUIA[OAUT SALIATINS

pue sainpadold ‘suoneuIwexa SNOLeA J0J Wool Funerado 1o o1urd ‘ad13J0 Y} Ul asn J0J ST JNAYSaue SIy [ “Jeak Jad syeia Jo a5eIaA®

Ue JO SISISU0D SIedk ¢ sed ay) J0J UonezZI[In 3S0YM pue 966 0UIS paSurYOUN A[[RIIUISSD U3q Sey $sa00.d wE.—Eo&::Am% ASOUM “6G6 1 QoUls

Uuod[y AQ pajeyaew uaaq sey eyl onayisaue srwpeypydo Funoe-uoys [eo1do) € S1 (aureoreyal) 9,6°() uonnjos srweyydo apLIO[YI0IpAY SUIBORI |
JUIWISSISSY puUR ATRWWNG YSIY-)Jaudg

onayisaue srwepydo [eordo) Funoe-1ioys pue pider e Juninbai sainpasoid 10,4
LINN-TIALS %S 0 uonnjos srwyeyiydo spLio[yooIpAy sureoena,
S€180C VAN



€¢SP68¢€ ‘Al 8duaisiay

(sMma1401 yI4 [RUISLIO/AIAN) INOT[OT [BIIUI IO “STOT ‘6T ATN[ :93ep UOISIOA
uonIpy 10 dre[dwo [ MarAay Arewring J03011(] UOISIAI YHAD

"119sur dgeyoed

AU} UI pOpN[OUI dIk ISN [dqe]

-130 jJudlIaApeur 10 derdoiddeur
pue “O1dy)saue A} JO UONOR Y}
noqe suonneddrd pue sFuruIe A\

"PO[2gE[ oSN JAYIIAU ‘UONRI)SIUIUPE

[eo1d0} OTUOIYD [IIM PIIBIDOSSE SUOISI WNIAYIIAD [BIUIOD PUB SN [BISWERILIUL
1oye Am(ur erjoyopud 103 [enudlod ayp se yons ‘asn derrdorddeur yim oo jey)
suonedr[dwod pajrodar oy spnjour s3ururem [euonIppy “Anfur [eaurod juaAdid 0y
POZnayIsaue J[IYM payoNo} 9q J0U P[NOYS A Ay} Jety) AJeJIpul SUI[dqe] Ul SSUTUIE A\

JudISue} 918 pue ‘paqnsut st doip
oy} UdYM uonE)LLI 03 dnp ured

JO 110JWOoSIp ‘Suruing ‘3urguns
JO ISISUOD SJUIAD ISIOAPE JSON

‘S9INUIW ()Z-0] SISE] PuB UOHB[[IISUL J9)JB
SPU023s ()Z-0] PAOU A[[BIdUAS SI dUTBIBIIA) JO 193119 (d1dyjsaue) orwreuipooeurreyd

siy 1, “doIp 9y} Jo uone[isul uo 1oy ured pue 10JwodsIp ‘Furduns ‘Suruing Ay}
0] 9Je[al1 A[JSOW pUE SNOLIIS-UOU I8 9SN PI[AQR[ YIM PAJRIDOSSE SJUIAD ISIQAPE Y [,

9661 2oUls
paSueyoun uddq sey AJJUdLINd

SuLmjornuew I19Y) PUB ‘6661
20UIS 9,,6°() uonnjos srwyeyydo
OPLIO[YJ0IPAY dUIBILII)
Sunoyaew pue JuLmidoeINULW
ud9q Ay A3y} “pr

‘YoIeasay UOJ[Y 0} SUIPIOIIY

"10npoid uod[y Ay} 910

A[1eoryroads sarpnis 9say) JO 0Mm] O1AYISOUR UB Sk 901 S OUTBORI)O) JJelSUOWIp Jey)
(sarpmys pajjonuod [[om pue enbope Jurpnjour) sarpms [ed1UId paysijqnd papnjout
uonedrdde (7)(q)S0S SIYL “sonurw ()Z-(] I0F SISe[ Pue UONB[[IISUL Jd)J& SPU0IIS ()7
-01 Aporewrxoxdde st uonoe Jo 3asuo ay [, -ondysaue drwpeyiydo eordoy Suroe-1oys
pue prder e Sunbar sompoaocold 10 pasn udaq sey I “6S6 1 AOUIS “ouf U0y Aq ‘SN
o ur 3nup paaoiddeun ue se pajadIEW ‘QUIBILII) JO UOIIB[NULIOJ 331) dANBAIdSAId

D[L12)S € S1 LINN-THALS %S0 U0nn{os d1wfeyiydQ SpLO[Yd0IpLH SuIEsend L

SUOSeay pue suoisnjouod

Saljulellsdun pue aduspIng uoisuswid

onasaue orurpeyiydo [eordoy Sunoe-1roys pue prdes e Surnnbor samnpasoid 10,
LINN-TIALS %S0 uonnjos orupeyiydo 9pLIO[yooIpAy duresena],
SE€180C VAN



NDA 208135
Tetracaine hydrochloride ophthalmic solution 0.5% STERI-UNIT
For procedures requiring a rapid and short-acting topical ophthalmic anesthetic

2. Background

Tetracaine Hydrochloride Ophthalmic Solution 0.5% STERI-UNIT is a sterile, preservative
free formulation of tetracaine, currently marketed as an unapproved drug in the U.S. by Alcon,
Inc. According to Alcon, the product has been marketed since 1959, and the product
marketed currently has been manufactured essentially using the same method since 1996. (See
section 3). Although there are currently no approved tetracaine ophthalmic products, two
dermatologic tetracaine products are approved for marketing (NDA 21717 and NDA 21623).

Ophthalmic solutions of tetracaine have the status of “unapproved drug” by the U.S. Food and
Drug Administration. Tetracaine’s ophthalmic use predates the Kefauver—Harris Amendments
of 1962. A pre-IND 115866 meeting was held with the Agency for this product in April 2013,
during which agreement was reached that published nonclinical and clinical study reports
would be submitted in this 505(b)(2) application. Alcon has not requested to rely on findings
of safety and effectiveness of an FDA-approved tetracaine product.

Tetracaine is intended for use in procedures requiring a short-acting topical ophthalmic
anesthetic such as during cataract surgery, tonometry, and removal of foreign body from the
cornea. The dose is one drop instilled topically to the cornea. The current product is amendable
for use in the office, clinic or operating room because the product and container are both
sterilized.

Topical ophthalmic anesthetics currently approved are Akten (licocaine) 3.5% and
proparacaine 0.5% (ANDA 40074, ANDA 40277, ANDA 80027, NDA 87681). Tetracaine
provides another option.

3. Product Quality

Tetracaine Hydrochloride is a compendial drug substance and is described in the US
Pharmacopeia. It is manufactured by @@ nder DMF' @ and tested by
multiple methods to confirm that it has the correct chemical structure, complies with
applicable standards and acceptance criteria. Tetracaine hydrochloride is chemically
designated as benzoic acid, 4-(butylamino)-,2-(dimethylamino) ethyl ester,
monohydrochloride. Its chemical formula 1s C;5H»4N,O, * HCI. Tetracaine hydrochloride is a
fine, white, crystalline, odorless powder and has a molecular weight of 300.82.

The tetracaine hydrochloride drug product is manufactured by Alcon, and in addition to the
active ingredient, tetracaine hydrochloride 0.5% w/v (equivalent to 0.44% w/v tetracaine),
includes sodium acetate as a ®® sodium chloride as a 0@ acetic acid
®® as a pH adjustor, and water for injection as’ ‘. Tetracaine

Hydrochloride Ophthalmic Solution 0.5% has a pH of 3.7 to 5.5.

Based on 24-month stability testing, two impurities were identified in the drug product that

exceeded the (g% levels (approximately ®®png/day based on| ®®mg bilateral dose) as
recommended by ICH Q3B(R2). These are the ©O® formed
CDER Division Director Summary Review Template 2015 Edition 6
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(b) (4) (OIC]

during the and

a degradant; the applicant proposed specifications at g and g% of active, respectively.
These impurities were identified using a newly developed HPLC method, which was not used
historically. The impurities were not qualified in nonclinical studies and were believed to have
been present historically. At the Division’s request as part of the review, the applicant
provided a summary of manufacturing changes since 1996 when the o
sterilization method was last changed from ®® The Chemistry reviewers
reviewed the history of the formulation, the manufacturing process, the key process parameters
and controls for ®®@ sterilization of blister packs and concluded that the processes
for the proposed drug product are ®® those of the historically marketed commercial
product. Furthermore, several batches near expiry were tested using the new HPLC method,
and corroborated that these two impurities were at similar levels. Taken together, the
consistency in the manufacturing process and confirmation of these impurities using the new
HPLC method at concentrations above § indicate they have most likely been present in the
marketed product at comparable levels historically. The applicant therefore has proposed to
update their Drug Product specifications as listed below, as amended February 25, 2016, in the
NDA.

Table 3.2.P.5.3-1 Regulatory Acceptance Specifications for Tetracaine Hydrochloride Ophthalmic
Solution, 0.5% (FID 94152)

Test Specification
Tetracaine Hydrochloride Identity (HPLC) 2 Positive
Tetracaine Hydrochloride Identity (TLC)? Positive

Tetracaine Hydrochloride Assay (HPLC)

90 to 110% Label

Tetracaine Hydrochloride Impux(il;}ig)s (HPLC)®

Any Single Unspecified Impurity ©
Total Impurities

NMT P04 of Active
®) &by, of Active
NMT | ®b4 of Active
NMT = % of Active
NMT % of Active
NMT | ® @ of Active

pH (Potentiometric)

3.7-5.5

Osmolality (Freezing Point Depression)

O@ 1Oosm/kg

Aé)gle:rrance (Visual): @
Clarity NMT Ph. Eur. I
Precipitate None
Particulate Matter by HIAC Meets USP Requirements
NMT %panicles/mL =>10pum
NMT g;particles/mL >25um
NMT | particles/mL = 50pum
Sterility ¢ Meets USP Requirements
2 Release Test only
bReport any impurity = 2% of active.
¢ ©V®;re included under Any Single Unspecified Impurity.
d routinely conducted on production lots except at release. However, if tested,

samples will comply with USP requirements. Sterility testing will also be performed at expiry for any
commercial lots placed on stability.

NMT = Not more than

LT = Less than

CDER Division Director Summary Review Template 2015 Edition 7
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(b) (4) @ -

The acceptability (qualification) of these limits for the and 1s

discussed in Section 8.

Additionally, as noted in the pharmacology/toxicology review, the applicant has proposed the

following drug product acceptance limits for e
© @

The pharmacology/toxicology reviewer notes that while ®® is considered a

mutagen, the single use of the drug product as prescribed mitigates concern over potential
calcmogemcﬂv The applicant referenced published articles and o

'on ®® in drugs and devices. The maximum total
daily intake of these impurities falls below limits set in the ®®and the
references published articles establish ocular safety for ploposed acceptance limits. Testing of
historically marketed batches showed ®® and b
concentrations which reasonably approximate the acceptance limits. To date, no adverse
events have been reported with Tetracaine Ophthalmic Solution 0.5% which were attributable
to the ®® within the drug product.

Tetracaine Hydrochloride Ophthalmic Solution, 0.5% 1s supplied in a medium density natlu'al
polyethylene (MDPE) round bottle with a natural low density polyethylene (LDPE) % t
dispensing plug and polypropylene (PP) closure. The product has a 4 mL fill in 4 mL
configuration and blister packed. As noted above, the bottle and plug components are sterilized
by ®® and the closure is ®® The filled bottle with plug and closure
are sealed imto the blister we
Tamper evidence is provided by the heat sealed Tyvek backing on the blister.

The final recommendation from facilities inspections for the drug substance and drug product
was acceptable on 12/11/2015.

The CMC review team recommends approval of the product.

4. Nonclinical Pharmacology/Toxicology

This 505(b)(2) application relied on published literature for nonclinical information.

The Pharmacology/Toxicology reviewer summarized that the applicant referenced published
nonclinical studies which characterized tetracaine safety pharmacology, ocular absorption
properties, effect on tear dynamics and effect on intraocular pressure. In dogs, intravenously
administered tetracaine hydrochloride decreased blood pressure, heart rate, cardiac output, and
stroke volume at a dose of 10 mg/kg and increased pulmonary arterial pressure at a dose of 9
mg/kg. Intravenously administered tetracaine hydrochloride, at a dose of 3 mg/kg, induced
convulsions in dogs. Ocular effects following topical instillation described in the referenced

CDER Division Director Summary Review Template 2015 Edition 8
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studies include a temporary decrease in intraocular pressure and reduced tear production and
turnover. No other ophthalmic toxicity was reported.

The published literature did not include animal development and reproductive toxicology
studies, or effects on fertility. Studies to assess the genotoxicity of tetracaine hydrochloride
have not been reported in the published literature. Long-term animal studies have not been
conducted to evaluate the carcinogenic potential of tetracaine hydrochloride.

However, as discussed in Section 8, there is clinical experience with tetracaine ophthalmic
solution products since approximately 1959 as a local anesthetic for procedures requiring a
rapid and short-acting topical ophthalmic anesthesia. Alcon has provided a summary of
manufacturing history for the past 20 years and data on utilization for the past 15 years of the
Alcon product. Published controlled clinical trials, review articles and other marketing data
provide information on the adverse event profile of the product and serve to characterize the
reasonable safety of tetracaine when used for the intended purpose.

Alcon included a copy of a redacted pharmacology/toxicology review of another tetracaine
NDA along with literature publications in their NDA 208135. On February 26, 2016, Alcon
amended Sections 2.4, 2.6.6., and 2.6.7. to clarify that the application only relied on published
studies and not on the findings of safety and effectiveness from an FDA-approved product.

The Pharmacology/Toxicology review team recommends approval.

5. Clinical Pharmacology

This 505(b)(2) application relied on published literature for clinical pharmacology
information. Tetracaine is purported to induce local anesthesia by reversibly blocking
conduction through nerve fibers by decreasing or preventing transient increases in the
permeability of the membrane to sodium ions. Tetracaine blocks sodium ion channels required
for the initiation and conduction of neuronal impulses thereby affecting local anesthesia.

The systemic exposure to tetracaine following topical ocular administration of Tetracaine
Hydrochloride Ophthalmic Solution 0.5% has not been studied. Tetracaine hydrochloride is
metabolized by plasma pseudocholinesterases and nonspecific esterases in ocular tissues.

Pharmacodynamic studies have not been conducted for this product by the applicant; however,
prior studies have studied the duration of anesthesia for tetracaine. Identified studies include
Bartfield 1994 in which the duration of action for tetracaine to last approximately 9.4 minutes.
Nomura 2001 measured the duration of action of tetracaine by esthesiometry and found a
duration of 10 minutes. In clinical practice, the duration of onset is seen 10-20 seconds after
instillation and lasts between 10-20 minutes.

The Clinical Pharmacology review team recommends approval.

CDER Division Director Summary Review Template 2015 Edition 9
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6. Clinical Microbiology
Not Applicable

7. Clinical/Statistical-Efficacy

This is a 505(b)(2) application and relied on published clinical studies (including adequate and
well controlled studies) of tetracaine hydrochloride ophthalmic solution, including two that
specifically named the Alcon product. Other publications described studies using products
from other manufacturers’ products or did not state the source of the drug product. After a
preliminary review of the studies, the applicant was asked to identify and submit additional
publications and the review team conducted an independent search of the literature to augment
the publications available for review.

In all, 16 clinical studies, including 4 clinical studies in pediatric patients, were reviewed for
this application (see Appendix A). Two publications for support of efficacy and safety for
tetracaine hydrochloride ophthalmic solution 0.5% specify the Alcon product (Moshifar 2014
and Rifkin 2012). In other publications, the drug source is not specified or the unapproved
product is manufactured by a company other than Alcon. These publications of 0.5% and 1%
tetracaine hydrochloride were also reviewed, given they contained the same active ingredient,
mostly at the same concentration, which is a scientifically relevant consideration. The
summaries of these studies below are derived from the CDTL review.

Moshifar 2014 was a prospective, single-masked, randomized study of 256 eyes from 128
patients being treated with LASIK or PRK who received either tetracaine 0.5% in the first
eye or proparacaine in the first eye. Pain levels were graded on a 0-10 scale and were
assessed upon instillation, during surgery, immediately postoperatively, 30 minutes
postoperatively, overnight and on postoperative day 1. The outcome is shown in Table 2
from the publication (below).

In all patients, the tetracaine 0.5% patients had a higher pain score on instillation than
proparacaine patients (3.2 vs. 1.1) which is statistically significant and a recognized
adverse reaction to instillation of tetracaine. Once the anesthetic onset of action occurs, the
results show that the pain scores during surgery and immediately post-surgery appear
similar between the products. Tetracaine is then statistically superior to proparacaine in
pain 30 minutes postoperatively, which may be due to shorter duration of pain control for
proparacaine, an FDA approved product for topical short-term anesthesia. No difference in
pain scores is seen at day 1 post-operatively.
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Rifkin 2012 was a prospective, randomized, single center study designed to determine
factors associated with patients comfort during routine in-office intravitreal injection.
Sixty (60) patients receiving intravitreal injections over 15 months for macular edema
because of diabetes, age-related macular degeneration, or retinal vein occlusion were
randomized to receive either tetracaine HC1 0.5% gel, proparacaine HCl or tetracaine HC1
ophthalmic solution before receiving intravitreal injections. A single drop was given 3
times over a S-minute period. Each patient received at least 5 injections at monthly
intervals. For those patients who received more than five injections within the study
period, only the first five were studied for pain analysis. Patients who received less than 5
injections were excluded from the analysis. Fifteen (15) minutes after the intravitreal
injection was given, patients were asked to rate the pain of injection from 0 (no pain/no
distress) to 10 (agonizing pain/unbearable distress) using a Visual Analog Pain score
survey.

The results were stratified by age, gender, diagnosis, injected eye, injection number,
substance injected, needle gauge, and perception of visual acuity improvement from
previous injection. Patients with any previous eye surgery other than routine and
uncomplicated cataract surgery and diabetic patients with known peripheral neuropathy
were excluded from the study. Analysis of variance was used as the statistical analysis of
choice to compare the three groups of anesthetics, substance injected, diagnosis, injection
number, and needle gauge. Student’s t-test was used to compare effect of perception of
visual acuity measurement from previous injection on pain score, and gender, age, and
injected eye. As shown in the table below, subjects who received tetracaine ophthalmic
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solution reported the lowest pain score. The authors report that tetracaine is statistically
superior to the comparator arms as noted below, although this difference may not
necessarily be clinically meaningful. What is clinically meaningful is that the pain score is
comparable and not higher than proparacaine (approved drug).

Treatment Mean Pain Score
tetracaine HCL 0.5% gel (N=100) 3.39+2.26
proparacaine HCL (N=100) 3.17£2.18
tetracaine HCL ophthalmic solution (N=100) | 3.05£2.01*

*statistically significant difference (p<0.01) reported between tetracaine HC1 ophthalmic solution and the
other two treatment groups.

The following studies used other sources of tetracaine hydrochloride:

Challam 2009 compared lidocaine 2% with tetracaine 0.5% (Tetravisc Ocusoft product)
for cataract surgery. This was a randomized, multi-surgeon, controlled study in 122
cataract cases randomly assigned to receive lidocaine 2% or tetracaine 0.5% before clear
corneal phacoemulsification. Subjects graded intra-operative pain using a visual analog
scale (0-10) within 10 minutes of completion of surgery. The visual analog pain score was
lower for the tetracaine compared to the lidocaine 2% (0.7% vs 1.8%). The Tetravisc
product (unapproved) has a different formulation compared to Alcon product, and the
approved lidocaine product has a concentration of 3.5%. Nevertheless, results indicate that
both products were associated with an anesthetic effect based on the low pain scores.

Barequet 1999 compared the efficacy of a single application of lidocaine 2% gel with
tetracaine 0.5% drops (manufacturer unknown) for topical anesthesia in clear corneal
cataract surgery in 25 eyes of 25 patients. Corneal sensation was measured with the
Cochet-Bonnet aesthesiometer before application of the topical anesthesia, 5 minutes after
application and at the conclusion of surgery. In this study, the corneal sensation pre-
operatively was 5-6 on a scale of 0-6, and when assessed at 5 minutes post drop and post-
operatively, the score was zero. In this historically controlled study (patient acting as
his/her control), the significant change (reduction) in sensation at 5 minutes is attributable
to the anesthetic effect of the drug, and would be extremely unlikely if not impossible to
occur spontaneously in 13 and 12 patients, respectively.

Treatment Mean Corneal Sensation
Pre-op S min post drop Post-op
Tetracaine 0.5% (N=13) 6 0 0
Lidocaine 2% (N=12) 5 0 0
Scale (0-6)
®) @
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(b) (4)

Shafi 1998 was conducted to evaluate discomfort with topical proxymetacaine 0.5% on
instillation by comparing it against topical amethocaine 0.5% (another name for tetracaine,
manufacturer unknown). This was a randomized, masked, double masked prospective
study involving 53 patients. Each patient received one drop of amethocaine 0.5% in one
eye and one drop of proxymetacaine 0.5% in the other. The severity (0-4 point scale) and
duration of discomfort for each topical anesthetic was assessed. To confirm proper
instillation of the anesthetic drop, tonometry using a Tonopen was performed 5 minutes
after drop instillation. Tonometry was regarded as a success if it was easily performed and
without patient discomfort. Tonometry was regarded as unsuccessful if the patient felt
uncomfortable. The results showed that on instillation, tetracaine had more reports of
mild/moderate/severe pain compared to proxymetacaine. Successful tonometry was
possible in 98% (n=52) and 93% (n=49%) patients, respectively. This would not have been
expected if the patient’s eye had not achieved anesthesia.

Watson 1991, Carden 1998, Kim 2003, Anninger 2007 Four trials were submitted to
support the use of tetracaine in the pediatric population. Each evaluated the use of
tetracaine in strabismus surgery. Two of the studies were with tetracaine 0.5% and two
used tetracaine 1% (manufacturers were not specified in the publications). While the
studies conducted with the 0.5% formulation did not demonstrate efficacy; this was likely
due to the design of the trials and not to the inability to anesthetize the pediatric eye. The
support efficacy for the use of 0.5% in the pediatric population can be extrapolated from
the adult population. This is appropriate since the effect of topical anesthesia on the ocular
surface is similar in both populations.

Castellanos 2013 an additional pediatric study, assessed pain in premature infants treated
with intravitreal antiangiogenic therapy for retinopathy of prematurity under topical
anesthesia.

Additional studies are summarized in Medical Officer and CDTL review, and generally report
results consistent with those summarized above. (See Appendix C)

Based on the Statistical Review, there are some limitations to the statistical interpretation of
the studies. The following excerpt provides a summary of the issues:

CDER Division Director Summary Review Template 2015 Edition 13
Version date: July 29, 2015. For initial rollout (NME/original BLA reviews)

Reference ID: 3894523



NDA 208135
Tetracaine hydrochloride ophthalmic solution 0.5% STERI-UNIT
For procedures requiring a rapid and short-acting topical ophthalmic anesthetic

Nine published studies were examined by the Statistical reviewer. Because the published
studies used slightly different scales for pain measurement and evaluated different dosing
regimen of tetracaine 0.5% in patients undergoing different procedures, the reviewer did
not perform a formal meta-analysis. Three publications (Moshirfar 2014, Chalam 2009 and
Ritkin 2009), in which a total of 209 subjects received at least one dose of tetracaine 0.5%,
reported a statistically significant efficacy results for tetracaine 0.5%. However, the results
in two of these publications (Rifkin 2009 and Moshirfar 2014) should be interpreted with
caution because the results in Moshirfar 2014 were not adjusted for multiple comparisons,
and the reviewer’s analysis of the data from Ritkin 2009 did not show statistically
significant results for the pairwise comparison of tetracaine 0.5% to the other treatment
groups. For the reasons briefly summarized above, the evaluation of the clinical relevance
of the study findings was deferred to the clinical reviewers.

As summarized and discussed above, tetracaine hydrochloride ophthalmic solution 0.5% is
administered as a single drop (although more than one drop may be used by optometrists or
ophthalmologist depending on the type and duration of procedure); it is for use as a short-
acting local topical anesthetic for various examination and surgical procedures on the anterior
segment. In these studies, as most directly illustrated by the Berequet 1999 study, the
short-term anesthetic effect of tetracaine (and other anesthetics) was demonstrated by the
reduction in patient corneal sensitivity from the baseline score so that various surgical or
examination procedures can be conducted. This type of study is a historically controlled study
where the patient acts as their own control and demonstration of an anesthetic effect is
extremely unlikely if not impossible to occur spontaneously. The reduction in the pain score
(on a scale of 0-10) is shown also in the Moshifar 2014 study at different time points from
drug instillation, during surgery and after surgery, and similarly the anesthetic effect is
demonstrated in the Ritkin 2012 study. These trials report the efficacy of the Alcon product,
while additional published literature corroborates these findings with products where the
manufacturer is not specified or a different manufacturer makes the product (unapproved
drug). Given information on utilization data, the Alcon product is marketed primarily in the
US and represents 30 to 80% of the market, depending on the source of information. Of note,
among the submitted MedWatch forms, there have been reports of lack of efficacy, generally
addressed by the health care provider by using additional product or changing product.

The clinical reviewer, CDTL and Deputy Division Director recommend approval, the
Statistical reviewer defers to clinical for interpretation of some of the study data.

8. Safety

No clinical studies were conducted by Alcon, therefore the evaluation of safety is based on
published literature and post-marketing reports. This includes two studies which identify the
Alcon product and include 188 patients. In Moshirfar 2014, 128 patients and 256 eyes were
evaluated, in the Rifkin study, 60 patients received 5 injections needing anesthesia so 100
injections were evaluated in 20 patients administered tetracaine. The recommended dosing is
one drop to the eye; however, additional drops are sometimes given if adequate anesthesia has
not been induced. Doses in the studies ranged from one to three drops.
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The safety data available for review do not allow for a quantitative determination of the exact
incidence of each type of adverse events. The adverse event profile for tetracaine based on the
published studies suggests that the most common adverse events are transient events
associated with instillation of the drop. These include events such as burning, stinging,
discomfort, irritation and pain. Moshirfar 2014 (and Shafi 1998) noted pain on instillation of
the anesthetic drop.

Toxicity related to inappropriate use has also been reported: Corneal toxicity with damage to
the epithelium occur with chronic use/abuse of anesthetics which is rare since patients are
normally not prescribed these drops for self-administration. There are also reports of
endothelial cell toxicity when the drug is injected intracamerally, into the anterior chamber of
the eye.

Due to limited or lacking adverse event reporting in published controlled studies, two review
articles on the toxicity of topical anesthetics Havener 1983 and McGee 2007 and an article by
Rosenwasser 1990, were submitted and provided a qualitative overview of adverse events:

e Patients receiving topical administration of tetracaine eye drops may report burning
sensation of about 30 seconds, also described as stinging and discomfort in the affected
eye. Patients will typically experience numb sensation in the instilled eye ranging in
duration from 10 to 20 minutes depending on dosage (number of drops).

e Repeated administration of tetracaine anesthetic has the potential to cause superficial
corneal epithelial lesions; therefore, it is recommended that tetracaine not be
prescribed for patient home-use. Topical anesthetics reportedly have the potential to
cause punctate corneal epithelial erosions as well as inhibit the migration of corneal
epithelial cells and to cause direct damage to their microvilli. Longterm use is not
recommended; Rosenwasser 1990 reported cases of corneal ulceration, thinning and
perforation, some requiring full thickness corneal transplantation with long term abuse.

e Inrare cases, tetracaine may cause allergic contact dermatitis after repeated use.

e Physicians are warned not to hyperdermically inject tetracaine solution for
ophthalmologic procedures as cases of death have been reported.

e Systemic side effects associated with topical ophthalmic anesthetics have also been
reported, including anxiety, shortness of breath, and seizure.

As noted, Alcon has marketed tetracaine hydrochloride ophthalmic solution 0.5% since 1959,
and the current product has been manufactured using essentially the same method since 1996.
The applicant also provided information on the marketing of the product, indicating that since
about 2002, over ®@ yials are marketed annually in the United States, with smaller
numbers before that time. Alcon submitted 86 MedWatch forms for their unapproved product
which included reports of adverse reactions associated with installation as described above,
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along with some reports of lack-of—efficacy that were addressed by giving additional drops or
using a new bottle. (See Appendix B) Other events such as toxic anterior segment syndrome
(TASS) and endophthalmitis were reported for patients undergoing cataract surgery — these
cases sometimes occurred in clusters and patients received multiple medications
peri-operatively. These cases were usually investigated, changes were made (e.g., new
procedures for cleaning instruments) and when follow up was available, further TASS cases
were not seen; the reports did not conclude that tetracaine was the causative factor.

) 4)
(b) (4)

E

In the original proposed labeling, there was a statement about a

which had been present in labeling of the unapproved drug. However, this was based on a
single publication concerning an unusual reaction to a formulation of proparacaine (containing

®® which is no longer marketed. Among the 86 MedWatch forms, one cited

®@® but upon review of the submitted text, lidocaine testing was negative and
Solumedrol was implicated in the report. The applicant reported that they adopted the
®® Jabeling from the ®® product. The Division found that similar

labeling was included in the Federal Register notice published in 1969 of a DESI review for
two other local topical anesthetics o

The Medical Officer, CDTL and Deputy Division Director recommend approval.

9. Advisory Committee Meeting

This application did not raised new scientific issues that needed input from the Advisory
Committee.

10. Pediatrics

The application was discussed at the January 20, 2016, Pediatric Review Committee (PeRC)
meeting and the commuttee agreed that full pediatric assessment is based on published
literature (including adequate and well-controlled trials) in pediatric patients as well as
uncontrolled data on use of tetracaine as a topical ocular anesthetic in infants with retinopathy
of prematurity.

11. Other Relevant Regulatory Issues

This 1s a 505(b)(2) application that relied on published literature for nonclinical and clinical
studies. The product is a solution, and has been marketed by Alcon since 1959. One issue
raised in the application is the presence of 2 impurities related to the sterilization process of
tetracaine with ®® " These impurities exceed ICH recommended limits of %, and
nonclinical studies were not conducted to qualify these impurities. Therefore, the applicant
was asked to provide evidence that their product historically contained these impurities and
was not associated with unexpected toxicities related to their presence. Alcon stated that
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impurities were not historically measured, but was able to provide information that their
manufacturing process has not essentially unchanged since 1996 and provided impurity testing
on batches of expired/near expired product confirming the presence of these 2 impurities to
substantiate this statement. The CMC reviewers concluded that based on this information, it is
reasonable to conclude that the product, and therefore other characteristics such as the
impurities are have been in the marketed product.

The applicant provided information on their examination of these impurities using Derek
Nexus system (Derek KB 2014 1.0, DEREK NVS 42.5). As Alcon reported, this database and
search engine considers the potential for effects on all organ systems, including ocular,

developmental toxicity, carcinogenicity, sensitization, and mutagenicity. For ®@ no
structural alerts were identified for any potential toxicity (Derek Nexus Report — B
For the ®® two alerts were identified, phospholipidosis and

carcinogenicity, both were identified as “plausible” by the system (Derek Nexus Report — 2

). The alerts are based on substructures within the b
which would require breakdown of the parent

molecule. The risk of systemic effects is further mitigated by the expected low systemic
exposure following topical ocular dosing (typically 1 to 10% bioavailability |
In conclusion, although two of the impurities are above the qualification threshold described in
the ICH Q3B(R2) Guideline for Impurities in New Drug Products, no additional health risk is
assumed based on the nonclinical risk assessment, the short-term, single-use clinical indication
of this product, and the long history of safe clinical use; presumably with product containing
the @ impurities.

®@

To support the above conclusion, the applicant provided utilization data demonstrating that
over ®®@ vials are distributed annually since 2002. Other information suggests that the
Alcon product represents 30 to 80% of the market, and as already discussed, this product when
used on label is given as one drop (possible more depending on the type and duration of
procedure) by an optometrist or ophthalmologist to induce short-term local topical anesthesia
during examinations or surgical procedures. Adverse reactions that might occur would be
reported by the patient (as they are following instillation) and observed by the
ophthalmologist. In the Derek analysis above, there was no toxicity signal for
while phospholipidosis and carcinogenicity were potential signals for the

The development of phospholipidosis in the cornea would be an observable finding, and
carcinogenicity with single topical drops is highly unlikely, and would be more likely to be
reported with chronic use or other routes. Although it is difficult to prove a negative, the
absence of reports that might indicate attributable toxicity to the o8

® @

wy 4)

can reasonably serve to qualify these components of the drug product at 24-months.

12. Labeling

The INDICATIONS AND USAGE section in HIGHLIGHTS OF PRESCRIBING
INFORMATION will include the established pharmaceutical class for tetracaine: an ester
local anesthetic.

(
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Link to established pharmaceutical class text page:
http://www .fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/LawsActsa
ndRules/UCM428333.pdf

The FULL PRESCRIBING INFORMATION portion of labeling will include the following
text in Section 1 and 2.

1 INDICATIONS AND USAGE
Tetracaine Hydrochloride Ophthalmic Solution 0.5% is indicated for procedures
requiring a rapid and short-acting topical ophthalmic anesthetic.

2 DOSAGE AND ADMINISTRATION

2.1 Topical Administration

One drop topically in the eye as needed. Discard unused portion.

2.2 Sterile Field Administration

Open package using standard aseptic technique. The DROP-TAINER® dispenser may
then be allowed to fall upon a sterile surface. The entire outer surface of the
DROP-TAINER® dispenser and its contents are sterile.

(b) (4)

The proposal to include a Contraindication of presumably based on a pre-

1969 report of a @ whose description sounded similar to an
adverse reaction reported in the 1969 FR Notice for the DESI review of two other topical
anesthetics, @@ A reasonably detailed review of the literature by the

applicant and the review team was not able to identify cases of tetracaine causing this reaction;
even reports of ®® were either from other routes/sites or due to another drug.

The Warnings include information on adverse reactions associated with inappropriate use
(chronic administration, intracameral administration), and caution about the eye’s insensitivity
when anesthetized.

Adverse Reactions includes reports of stinging on instillation, reported in the literature and
post-marketing.

The labeling notes that some of the usual animal studies in development have not been done,
but as discussed in Section 8, the long and broad use of Alcon’s product (marketed since 1959,
manufacturing process essentially unchanged since 1996, 15 years of marketing experience

with an average of over ®® yials per year), provides reasonably abundant information on
clinical experience in patients with this short-acting anesthetic.

13. Postmarketing

e Postmarketing Risk Evaluation and Mitigation Strategies
Not applicable

e Other Postmarketing Requirements and Commitments
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Not applicable
APPENDIX A: List of Published Clinical Studies (Source: Medical

Officer Review)

Study Design Objective Subject | Treatment Alcon
s Product
Listing of Published Clinical Efficacy Studies of Tetracaine in Adults Provided by the Applicant
Barequet Randomized To compare the efficacy of | 25 Single application of lidocaine | unknown
1999 lidocaine with tetracaine 2% gel or
for topical anesthesia in 1 drop of 0.5% tetracaine
clear corneal cataract
surgery
(b) (4
Yu 2003 Randomized, To compare the efficacy of | 14 1 mL lidocaine 2% gel in one | No
double-masked, | lidocaine with amethocaine eye and (1%
double dummy | as the sole anesthetic agent 1 drop of 1% amethocaine* 5 | solution)
for strabismus surgery min apart x 3 in fellow eye o
Tsoumani Randomized, To compare the efficacy of | 51 0.5 cm lidocaine 2% gel plus 1 | unknown
2010 controlled, tetracaine and the drop of 0.5% tetracaine or
double- masked | combination of lidocaine 1 drop of 0.5% tetracaine 5
application and instillation min apart X 3
of tetracaine as methods of
topical anesthesia for
cataract surgery
Listing of Published Clinical Efficacy Studies of Tetracaine in Pediatric Patients Provided by the Applicant
Watson 1991 | Randomize, To assess the effect of 40 (1-12 | 2 drops of 1% amethocaine* | No
observer topical amethocaine on yIs) versus placebo (saline) (1%
masked postoperative analgesia solution)
after strabismus surgery in
children
Carden 1998 | Randomize, To test the effect of 62 2 drops of 0.5% Unknown
controlled, amethocaine on reducing (6 mos— | amethocaine*,
observer postoperative pain, 15 yrs) subconjunctival bupivacaine
masked vomiting, and length of 0.5%, or placebo (saline)
stay in children having
strabismus repair
Kim 2003 Randomize, To compare the effect of 51 (2-7 2 drops of 0.5% Unknown
double-masked, | placebo to intraoperative yrIs) amethocaine*, 0.5%
placebo- 0.5% topical amethocaine ketorolac, or placebo (saline)
controlled or 0.5% topical ketorolac at the start and end of
on pain control after strabismus repair surgery
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strabismus surgery in
children

Anninger
2007

Randomize,
double-masked

To test the effect of
tetracaine on reducing the
intensity and incidence of
postoperative pain and
emergence agitation after
strabismus surgery in
children

88 (1-12
yIs)

2 drops of 1% tetracaine
before and after surgery with
placebo (saline) controls

No
(1%
solution)

Additional literature reports submitted by the applicant during the review cycle to support the efficacy of
tetracaine 0.5%

Moshifar prospective, To evaluate the efficacy of | 256 eyes | Tetracaine 0.5% Yes
2014 single-masked, | proparacaine and tetracaine | from 128 | Proparacaine 0.5%
randomized for pain control in patients | patients
undergoing LASIK and
PRK
Rifkin 2012 | prospective, to determine factors 60 Proparacaine 0.5% Tetravisc
randomized associated with patients TetraVisc (Cynacon/
comfort during routine in- Tetracaine 0.5% Ocusoft)
office intravitreal injection. Tetracaine
(Alcon)
Shafi 1998 prospective, to evaluate the claim that 53 Proxymetacaine 0.5% Unknown
randomized, topical proxymetacaine Amethocaine* 0.5%
double masked | produces little or no
discomfort on instillation
by comparing it against
topical amethocaine
Sanabria prospective, to evaluate the efficacy of | 156 Tetracaine 0.5% Unknown
2013 randomized, different anesthetics and +naphazoline
double-masked | topical anti-inflammatory
treatment in patients Lidocaine 5%
undergoing intravitreal
injection (IVI)
Sabermogha | pilot study to find a new form of 30 Tetracaine unknown
dam 2012 lidocaine to give a
sufficient level of Lidocaine cyclodextrin
anesthesia
Additional published article provided by the Agency
Chalam randomized, to compare the clinical 122 lidocaine 2% No
2009 multi-surgeon, efficacy of lidocaine 2% tetracaine 0.5% (Ocusoft)
controlled study | with tetracaine 0.5% for
cataract surgery
(b) (4
* Tetracaine is also known as amethocaine and pontocaine.
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APPENDIX B: Postmarketing adverse events

Body System Preferred Term lIEreut ];wut
T Seriousness Count
Cardiac disorders Bradycardia Serious 1
Cardiac disorders - Total 1
Corneal oedema Not serious 1
Corneal opacity Not serious 2
Corneal thinning Serious 1
Evye irritation Not serious 12
Eve oedema Not serious 3
Eye pain Not serious 9
Evelid ptosis Not serious 1
Eve disorders Foreign body sensation in eyes Not serious 1
Lacrimation increased Not serious 1
Mydriasis Not serious 1
Ocular discomfort Not serious 19
Ocular hyperaemia Not serious 2
Ulcerative keratitis Not serious 1
Vision blurred Not serious 3
Visual acuity reduced Not serious 1
Eyve disorders - Total 58
Dirug effect decreased Not serious -4
General disorders and administration site - - -
Conditiint Drug ineffective Not serious 18
No adverse event Not serious 2
General disorders and administration site conditions - Total 24
Immune system disorders | Hypersensifivity Not serious 1
Immune system disorders - Total 1
Infections and infestations | Endophthalmitis Serious 9
Infections and infestations - Total 9
Circumstance or information capable of e 4
leading to medication error Mot sexinus -
Corneal abrasion Not serious 1
Injury, poisoning and procedural Graft complication Serious 1
SO, Medication error Not serious 3
Surgical procedure repeated Serious 1
Toxic anferior segment syndrome Serious 30
Injury, poisoning and procedural complications - Total 38
Investigations Oxygen saturation decreased Serious 1
Investigations - Toral 1
Dizziness Not serious 1
Nervous system disorders Paraesthesia Not serious 1
VIIth nerve paralysis Not serious 1

CDER Division Director Summary Review Template 2015 Edition
Version date: July 29, 2015. For initial rollout (NME/original BLA reviews)

Reference ID: 3894523



NDA 208135
Tetracaine hydrochloride ophthalmic solution 0.5% STERI-UNIT
For procedures requiring a rapid and short-acting topical ophthalmic anesthetic

Body System Preferred Term 59]'];:;-;‘;]1:955 E;Eﬂtt
Nervous svstem disorders - Total 3
Respiratory, thoracic and mediastinal Throat tightness Not serious 1
disorders Wheezing Not serious 1
Respiratory, thoracic and mediastinal disorders - Total 2

) ) Not serious 3
Surgical and medical procedures Off label use -

Serious 3

Surgical and medical procedures - Total [}
Overall - Total 143
EVENT SERIOUS OVERALL COUNT
Event seriousness Seriousness Event Count
Serious 47
Not serious 06
Overall - Total 143

Source — Medical Officer Review (Ref 2.7.4. Summary of Clinical Safety, Table 2.7.4.7-1)
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