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Submitted June 28, 2017, is a resubmission of NDA 208582  (fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution) 0.25%/0.4%, for topical use.  The original NDA 
was submitted on December 22, 2015. A Complete Response (CR) letter dated June 22, 2016, 
was issued. 

An amendment to the resubmission was submitted on: 8/11/17 (SDN-18).  Applicant now 
believes that the deficiencies identified in the CR regarding product quality and facilities 
inspections have been rectified. A safety update is also included in this submission.  The request 
for a proprietary name review was submitted under a separate document (SDN-17).

Reviewer’s Comments:
No change in the safety profile was identified in the safety update provided in the June 28, 2017, 
submission. From a clinical perspective, our conclusion on the safety and efficacy of  as 
a disclosing agent and anesthetic combination is unchanged. See original Clinical review 
finalized May 28, 2016, in DARRTS.  Attached is the Agency’s recommended draft labeling with 
its edits to the applicant’s labeling submitted on June 28, 2017.  The carton/container labeling 
submitted on August 11, 2017, is reviewed as well.

Conclusion/Recommended Regulatory Action:
NDA 208-582 is recommended for approval from a clinical perspective with the labeling 
revisions identified in this review, pending resolution of any remaining CMC or facility issues.

Rhea A. Lloyd, MD
Medical Officer
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5. Clinical Pharmacology 

The clinical pharmacology review notes that the submission is a literature-based 505(b)(2) 
application and the applicant has not conducted any clinical safety and efficacy studies, or any 
PK or clinical pharmacology studies to support the NDA.

The Clinical Pharmacology review team recommends the statement to this effect be included 
in the labeling and recommends approval.

6. Clinical Microbiology 
Not Applicable

7. Clinical/Statistical-Efficacy
In support of the present NDA, the Applicant submitted over 30 publications of clinical studies 
ranging from prospective controlled studies to retrospective review of patients from clinical 
practice in adult and pediatric patients. In these studies, as discussed in the Medical Officer 
and CDTL Reviews, the determination of efficacy is compared with other anesthetic agents, or 
studies of anesthetic with or without fluorescein, as well as studies of different concentrations 
of the individual products.  For the purpose of demonstrating efficacy, often the patient serves 
as his/her own control, representing a type of historical control as discussed in the Guidance to 
Industry - Providing Clinical Evidence of Effectiveness for Human Drug and Biological 
Products (May 1998).

Many of the publications discuss the use of fluorescein and benoxinate during Goldman 
applanation tonometry (GAT), a procedure to determine the intraocular pressure (IOP); to 
evaluate patients at risk for developing glaucoma. Most tonometers are calibrated to measure 
pressure in millimeters of mercury (mmHg). In applanation tonometry the intraocular pressure 
(IOP) is inferred from the force required to flatten (applanate) a constant area of the cornea. 
The Goldmann tonometer is the most widely used version in current practice, other tonometers 
are available. After instillation of a drop of drug product, the procedure involves a special 
disinfected prism mounted on the tonometer head that is placed against the cornea. The 
examiner then uses a cobalt blue filter to view two green semi circles. The force applied to the 
tonometer head is then adjusted using a dial connected to a variable tension spring until the 
inner edges of the green semicircles in the viewfinder meet. When an area of 3.06 mm 
(0.120 in) has been flattened, the opposing forces of corneal rigidity and the tear film are 
roughly approximate and cancel each other out allowing the pressure in the eye to be 
determined from the force applied.  Due to the subjective nature of optical endpoint and inter- 
and intra-observer variability, it should be assumed there may be an error of 2 mmHg in the 
reading.

The combination of the disclosing agent and local anesthetic may be helpful in visualizing 
injury to the cornea that must be treated or objects that need to be removed.
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As noted in the CDTL Review, the evaluation of the drug product for the intended indication 
begins with the acknowledgement that it is self-evident that a topical anesthetic is required to 
perform any ophthalmic procedure on a conscious patient.  Thus, the literature reports 
submitted support the efficacy of fluorescein sodium and benoxinate hydrochloride 
(0.25%/0.4%) for the intended indication in that the following are present in each report: 

 Fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% 
was administered.

 Fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% 
allowed applanation tonometry or other short corneal or conjunctival procedures to be 
successfully performed.

 Fluorescein sodium was necessary and the concentration sufficient to perform 
Goldmann applanation tonometry and/or visualize the corneal epithelium successfully 
and accurately.

 Benoxinate sodium 0.4% provided adequate anesthesia to perform Goldmann 
applanation tonometry, or other short corneal or conjunctival procedures successfully 
and accurately. 

Among the studies, 2 studies used the product manufactured by Altaire, other studies used 
products that appear to be qualitatively and quantitatively comparable, as discussed in Section 
3 Chemistry, and some reported on different (lower and higher) concentrations of fluorescein 
and benoxinate, and discussed the selection of the 0.25% and 0.4% concentrations, 
respectively, of the fluorescein sodium and benoxinate HCL in the final product.

A. Studies that specifically use Altaire product:    Flurox manufactured by Altaire 
for Ocusoft.

(1) Ng et al (2006) conducted a double masked randomized crossover clinical trial 
comparing fluorexon disodium 0.35% and 0.4% benoxinate (FluraSafe) to fluorescein 
0.25% and 0.4% benoxinate (AccuFluro) manufactured by Altaire. Each patient 
received one drop of the product before IOP was measured.  The ability to measure 
patients IOP due to the presence of the disclosing agent and the local anesthetic, 
compared to patients who have not received such pre-treatment, is the evidence of the 
product’s efficacy.  

Sixty seven patients completed the study, measurement of IOP was comparable using 
either drug combination, but there was more stinging and burning (17 vs. 11) reported 
at 1 minute with the AccuFluro product. In addition soreness and irritation after 
instillation of the drop was reported in 10 vs. 8, discomfort in 20 vs 13, and corneal 
damage in 11 vs 4 patients, AccuFluro and FluraSafe, respectively. The authors 
postulate that the different concentrations of the preservative chlorobutanol may 
account for these findings. Chlorobutanol has antimicrobial and cytotoxic effect on 
corneal epithelial cells. (Reference 4 in Appendix A) 
 

(2) Yeung et al (2000)1 compared the amount of corneal desquamation from Fluoracaine® 
(fluorescein/proparacaine) to Fluorox® (fluorescein /benoxinate) 2 after GAT.  One 
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drop Fluoracaine was instilled randomly in one eye and Fluorox in the opposite eye of 
the same patient.  IOP by GAT and tear break-up times (TBUTs) were taken.  Stinging 
was assessed and corneal integrity by Cornea and Contact Lens Research Unit 
(CCLRU) standards was evaluated at 0, 3, 7, 10, 15 and 20 minutes after instillation of 
the ophthalmic solutions. 

Sixty eyes of 30 patients were observed. Stinging was reported by 30% of patients to 
be no different between the solutions, 47% reported Fluorox stings more than 
Fluoracaine and 23% reported Fluoracaine stings more than Fluorox. Average TBUT 
was 6.87 and 7.17 seconds for Fluoracaine and Fluorox, respectively. Fluoracaine 
produced micro and macropunctate  keratitis of the superficial epithelium in 31-45% of 
the cornea. Fluorox caused superficial micropunctate keratitis in about 16-30% of the 
cornea. At 20 minutes essentially all eyes had some degree of corneal desquamation. 

B. Qualitatively similar (active and inactive)

(3) Hales (1967) reports on a products consisting of sodium fluorescein 0.25% and 
benoxinate hydrochloride 0.4% in a sterile isotonic boric-acid buffer containing 
polyvinylpyrrolidone 15% and distilled water. Chlorobutanol 1.0% and disodium 
edetate 0.1% are added as preservatives to protect against Pseudomonas aeruginosa. 
The pH was 5.0.  The solution was used in 1967 office procedures to measure IOP by 
GAT in 1381 patients.  Anesthesia was reported to have been rapid and adequate in all 
but 2 of 1381 patients, both with inflammation in the eye.  The drops were said to 
cause more discomfort than proparacaine and less discomfort than tetracaine.  The 
product was identified as Fluress by Barnes-Hind Laboratories, Sunnyvale, CA.

(4) Quickert (1967) reports on a product consisting of sodium fluorescein 0.25%, 
benoxinate hydrochloride 0.4%, povidone (polyvinylpyrrolidone) 15%, chlorobutanol 
1.0%, disodium edetate 0.1%, and boric acid quantify sufficient for buffering to pH 
5.0.  The formulation was made by Barnes-Hind Ophthalmic Products.
The author reports using the product in over 3000 patient visits during which 
applanation tonometry was done.  However, the current article reports on tonometry 
done comparing the use of the individual components to the combination product in 50 
patients and finding no significant difference. The onset of action was within 15 second 
and lasted 15 minutes. One drop was sufficient for tonometry and removal of a foreign 
object from the cornea. The author also stated that 0.05% fluorescein provided 
adequate fluorescence when using the Goldman Model 900 slit lamp.  

C. Quantitatively same active ingredients

1 The applicant spells the investigators name as Young in the submission, however, the publication lists the author 
as Karen K. Yeung, OD, FAAO, therefore this spelling is used in the review.
2 As noted in the application, this is manufactured by Altaire and marketed by OcuSoft under their private label, 
Fluorox.
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Four additional adequate and well controlled studies were submitted that evaluated 
sodium fluorescein 0.25% benoxinate hydrochloride 0.4%:  Katz 1976, Roper 1980, 
Bright 1981, Jose 1983 along with about a dozen supportive studies (see Appendix A). 

D. Quantitatively lower/higher fluorescein and benoxinate products

(1) Moses (1960) demonstrated that concentrations of fluorescein ranging from 0.125% 
to 0.5% were effective in for accurately determining the intraocular pressure. [see 
graph below].

(2) Grant (1963) compared 0.125%, 0.25%, 0.5% and 2.0% fluorescein in 200 patients 
and discussed the preference for 0.25% fluorescein, noting that the 0.125% is usable 
but the fluorescent semicircles at the tonometer-cornea interface appear less distinct, 
and noting that the 0.50% is satisfactory but leaves a stain on the cornea and residual 
fluorescein on the lid margin, and the 2% causes discoloration and does not fluoresce 
with dilution.

(3) Schlegel and Swan (1954), report that benoxinate was developed in Switzerland and 
known as Novesine, and the ocular and systemic effects in animals (rabbit, mouse, rat, 
guinea pig) was studies by Dr. P. Witmer, who also determined that 2 drops of 0.5% 
benoxinate induced topical anesthesia lasting for 20 to 30 minutes, and recommended 
0.1% to 0.2% for tonometry.  For removal or foreign bodies or minor surgery such as 
pterygium, the article recommends 6 to 8 drops may be given. They also summarize 
the experience with benoxinate in concentrations from 0.1% to 0.5% in more than 
1000 patients in the Oregon Medical School eye clinic, noting that 0.1% induces light 
surface anesthesia within 60 to 90 seconds lasting 10-15 minutes. Benoxinate 0.2% 
induces consisted anesthesia and 0.4% is considered the “most suitable concentration 
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for routine office use.” The article also reports that 100 patients with chronic 
glaucoma a received multiple (10 to 100) instillations of benoxinate over a period of 
12 months without development of hypersensitivity reactions. 

(4) Emmerich (1955) reports that the burning sensation on instillation of dorsacaine 
(benoxinate) is proportional to the concentration and a 0.4% drop caused more and 
longer lasting irritation in 21 of 30 subjects than the 0.2% drop, while the other nine 
subjects reported no difference. The onset of anesthesia in 85 patients was reported to 
be 0-45 seconds (average 10 seconds). Duration of anesthesia in 56 glaucoma patients 
ranged from 10 to 50 minutes (average 20 minutes) with younger patients having a 
shorter duration than elderly. In a study of 20 healthy young patients, anesthesia lasted 
for 4.5 to 12 minutes with an average of 9 minutes.

(5) Polse (1978) evaluated three concentrations of benoxinate: 0.1%, 0.2% and 0.4%.  
With a corneal threshold touch of 75 mg/mm2 needed to perform tonometry, the 0.4% 
concentration provides an adequate duration of effect for at least 20 minutes.

E. Pediatric evidence

Four publications (Yolton 1980, Applebaum 1980, Eisenberg 1998 and Qureshi 1997) 
provide study results on approximately 100 pediatric patients from ages 0-10 years and for 
approximately 1000 patients from ages 10 to 20 years.  

Reviewer Comments:
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Also, in response to a request from Altaire Pharmaceuticals,  conducted a review of all 
adverse event (AE) reports, submitted to the Food and Drug Administration’s Adverse Event 
Reporting System (FAERS) database between July 1, 2004 and June 30, 2014, in which either 
fluorescein or benoxinate was identified as a suspect product with an ophthalmic, topical, 
intraocular, or non-specific dosage form noted.  These events are shown in the table below.

The total 89 case reports for fluorescein or benoxinate reflected 310 AE terms. Of these 310 
AEs, the five most common event groups by SOC were: eye disorders (21.0%), nervous 
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system disorders (14.8%), general disorders and administration site conditions (13.2%), skin 
and subcutaneous tissue disorders (9.0%), and gastrointestinal disorders (5.5%).  Eye disorders 
were identified as possible safety signal based on a risk scoring system, indicating that they 
represent a higher proportion of reports for fluorescein or benoxinate than for the aggregate of 
all other drugs.

The most common adverse reactions at the Preferred Term level were: corneal disorder 
(3.9%), nausea (2.9%), dizziness (2.9%), eye pain (2.3%), vomiting (2.3%), and syncope 
(2.3%). Of these, corneal disorder, eye pain, syncope, represented potential safety signals. 
Other potential safety signals included drug hypersensitivity, eyelid edema, reduced visual 
acuity, post-procedural complication, ocular hyperemia, eye irritation, anaphylactic reaction, 
and toxic skin eruption.

A summary of the 5 deaths in the FAERS Database is provided.
1. A 79-year-old of unknown gender from the US received phenylephrine (primary suspect = 

PS) and fluorescein (secondary suspect =SS), and was reported to have an adverse drug 
reaction and overdose.

2. A 12-year-old male from the US received proparacaine (PS) and fluoron (SS) for 
ophthalmological examination, as well as cyclopentalate (SS), and was reported to have the 
wrong drug administered, drug dispensing error, prolonged drug effect, overdose, cardiac 
arrest, and sudden cardiac death.

3. A 63-year-old male from the US received fluorescein sodium (PS) for a diagnostic 
procedure, and was reported to have a communication disorder, malaise, general physical 
health deterioration, and retching.

4. A 4-year-old female from France received 0.5% ophthalmic fluorescein sodium (PS), 
phenylephrine (SS), and benoxinate HCl (concomitant) for mydriasis, as well as 
sevoflurane (SS) for general anesthesia and concomitant drugs atarax, tropicamide, and 
xalatan, and was reported to have multiple heart-related adverse events: 
bradycardia/decreased heart rate, abnormal heart sounds, abnormal carotid pulse, decreased 
blood pressure, ventricular hypertrophy, conduction disorder, cyanosis, aortic stenosis, 
acute pulmonary edema, cardiac arrest, and acute cardiac failure.

5. A 92-year old female from the US received fluorescite (PS), and was reported to have renal 
failure. It should be noted that the brand “Fluorescite” is administered via intravenous 
injection, but was included here because the report left the route of administration blank.

Reviewer Comment:
These reports were included in the analysis because they did not specify the route of 
administration, not because they were administered topically to the eye. The first two reports 
indicate there was overdose and medication error, respectively, suggesting these were not 
related to recommended dosage (although the route is not stated).  Report 3 describes systemic 
symptoms which are reported with systemic fluorescein angiography; whether they could 
occur with topical fluorescein is unknown.  Report 4 reports ophthalmic use, and multiple 
cardiac-related events. As noted for report 5, the product used was in intravenous product.

In a paper by Kwiterovich (1991) adverse reactions following fluorescein angiography in 
included nausea (2.9%), vomiting (1.2%), flushing/itching/hives (0.5%), and other reactions 
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(dyspnea, syncope, excessive sneezing) (0.2%). No cases of anaphylaxis, myocardial 
infarction, pulmonary edema, or seizures occurred. The percentage of reactions was 1.8% for 
patients who had had previous angiography without ever having had an adverse reaction. In 
contrast, the percentage of reactions was 48.6% for patients who had had an adverse reaction 
to angiography previously.3

The applicant reports that fluorescein users may also be at an increased risk for immune 
system disorders (e.g., hypersensitivity reactions, anaphylaxis), particularly among the elderly 
and more so in males than females. In addition, fluorescein use in young children may be 
associated with cardiac disorders, including cardiac arrest. Benoxinate users may also have 
an increased risk for immune skin and subcutaneous tissue disorders (e.g., rash, toxic skin 
eruption), particularly among the elderly and more so in females than males.

Thus the adverse reactions in report 5 is likely due to IV fluorescein based on the product 
name, report 3 may be systemic drug due to reported adverse reactions.  Report 1 and 2 may 
represent medications errors and the concomitant use of dilating agents suggests that the 
route of administration of the fluorescein was intravenous. The information on report 4 raises 
questions about the underlying medical conditions of the young patient and the cardiac 
disorders described above.

Regarding anaphylaxis, a 2010 review of the literature concluded that a “true anaphylactic 
reaction to topical fluorescein 2% is extremely rare,” with only three known reports at the 
time of the review, despite topical fluorescein’s widespread use.4

Review of the published studies most frequently identifies the burning and irritation sensation 
following the use of the combination product.  Exposure to fluorescein and benoxinate 
ophthalmic solution (0.25%/0.4%) ranged from one dose per study eye to dosing of the 
product at multiple visits, with up to 10-100 drops over a period up to 12 months.

The CDTL notes that the studies which did report of the safety and/or tolerability included six 
single-dose studies and a multiple dose study in which patients received six does per eye per 
day on Days 1, 8, and 15 for a total of 18 doses per eye during the 15 day study.

The adverse reactions reported in the published studies (Hales 1967, Quickert 1967, Katz 
1976, Yolton 1980, Applebaum 1983, Yeung 2000, and Ng 2006) with the use of fluorescein 
sodium and benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) were:  bulbar 
conjunctival erythema, burning, coldness, corneal desquamation, corneal staining, discomfort, 
dizziness, dull ache, fainting, irritation, mild conjunctival infection and punctate keratitis.

with warnings about corneal toxicity and corneal injury due to 
luded in labeling. The clinical reviewers recommend approval.

3  Kwiterovich KA1, Maguire MG, Murphy RP, Schachat AP, Bressler NM, Bressler SB, Fine SL. Frequency of 
adverse systemic reactions after fluorescein angiography. Results of a prospective study. Ophthalmology. 1991 
Jul;98 (7):1139-42. 
4 Shahid H, Salmon JF. Anaphylactic response to topical fluorescein 2% eye drops: a case
report. J Med Case Rep. 2010;4:27.
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Fluorescein sodium is represented by the following structural formula:

      

      

C20H10Na2O5                                                   Mol. Wt. 376.27

Chemical Name: Spiro [isobenzofuran-1 (3H),9’-9[9H] xanthene]-3-one, 3’,6’ dihydroxy, 
disodium salt.

Benoxinate hydrochloride is represented by the following structural formula:

      

C17H28N2O3 • HCl                                                 Mol. Wt. 344.88
Chemical Name: 2-(Diethylamino) etyl 4-amino-3butoxybenzoate monohydrochloride.Dosing 

Dosing Regimen: Instill 1 to 2 drops topically in the eye as needed
Age Groups: All age groups 

Fluorescein Sodium has been widely used topically for the examination of corneal epithelial 
integrity since 1882.  There are no approved new drug applications for topical use.  Fluorescein 
is also marketed as an injectable to be administered intravenously (IV). The IV form of 
fluorescein includes the Alcon product [NDA 21-980 Fluorescite (fluorescein injection, USP) 
10%] which was approved in 2006, and the Akorn products [NDA 22-186 AK-Fluor (fluorescein 
injection, USP) 10% and 25%]. The injectable product is indicated in diagnostic fluorescein 
angiography or angioscopy of the retina and iris vasculature.

Benoxinate hydrochloride is a topical anesthetic. Benoxinate hydrochloride ophthalmic solution, 
0.4%, was originally permitted in 1953 as Dorsacaine under NDA 08-729. The product was 
reviewed as part of the Drug Efficacy Study Implementation (DESI), found to be effective, 
approved and marketed by Dorsey until 1980. An abbreviated new drug application (ANDA) 
was also approved [Sola Barnes Hind (ANDA 84-149)] and marketed until 1991.
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4. Nonclinical Pharmacology/Toxicology

From the original Nonclinical Pharmacology/Toxicology Review dated 6/8/16:

Both fluorescein and benoxinate as single active ingredient products have a very long history of 
safe and effective use. The intended combination product has been marketed by the applicant, 
Altaire Pharmaceuticals, Inc. (Altaire), since 2005 without an approved application. In addition, 
several fluorescein sodium 0.25% and benoxinate hydrochloride 0.4% combination products are 
currently marketed without FDA approval by other pharmaceutical companies.

No original nonclinical studies were submitted to support the safety of the combination. The 
nonclinical support is based on published literature for each individual active component. Given 
the existent clinical experience with both fluorescein sodium 0.25% and benoxinate 
hydrochloride 0.4% used individually or in combination at the intended dose regimen, and the 
use of common inactive ingredients in the clinical formulation, there are no specific nonclinical 
concerns regarding the approval of this NDA.

There are no available data on  use in pregnant women to inform any drug associated 
risk. Adequate animal reproduction studies have not been conducted with fluorescein sodium or 
benoxinate hydrochloride.  should be given to a pregnant woman only if clearly needed.

There are no data on the presence of fluorescein sodium or benoxinate hydrochloride in human 
milk after ocular administration of  the effects on the breastfed infant, or the effects on 
milk production.

Long-term animal studies to evaluate the carcinogenic potential of  have not been 
conducted.

Approval is recommended.

5. Clinical Pharmacology/Biopharmaceutics 
From the Clinical Pharmacology Review dated 4/7/16:

The applicant has not conducted any clinical safety and efficacy studies, or any PK or clinical 
pharmacology studies to support the NDA.

The applicant did not request the waiver of evidence of in vivo bioavailability (BA) or 
bioequivalence (BE). However, evidence of BA/BE will not be needed for this ophthalmic 
product applied topically as drops onto the eye for diagnostic/anesthetic purposes only. In 
accordance with the 21 CFR§320.22(e), the reviewer grants the waiver of evidence of in vivo 
bioavailability or bioequivalence to this NDA.

The Clinical Pharmacology recommends approval.
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7. Clinical/Statistical - Efficacy

From the original Medical Officer Review dated 5/25/16:

No clinical trials were conducted by the Applicant to assess the safety and/or efficacy of 
fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4%.   This is a 
505(b)(2) application based on literature reports provided by a literature review conducted by the 
applicant and by an additional literature review conducted by the Medical Officer.

The study objectives of many of the submitted literature references were different than those of 
interest in this application.  In this review, references are evaluated to determine if evidence of the 
proposed drug product’s effectiveness to provide adequate fluorescence and topical anesthesia in 
order that IOP measurement or other ophthalmic procedures could be performed was demonstrated.  

The evaluation of the drug product for the intended indication begins with the acknowledgement 
that it is self-evident that a topical anesthetic is required to perform any ophthalmic procedure on 
a conscious patient.  Thus, the literature reports submitted support the efficacy of fluorescein 
sodium and benoxinate hydrochloride (0.25%/0.4%) for the intended indication in that the 
following are present in each report: 

 Fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% was 
administered.

 Fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% 
allowed applanation tonometry or other short corneal or conjunctival procedures to be 
successfully performed.

 Fluorescein sodium was necessary and the concentration sufficient to perform Goldmann 
applanation tonometry and/or visualize the corneal epithelium successfully and 
accurately.

 Benoxinate sodium 0.4% provided adequate anesthesia to perform Goldmann applanation 
tonometry, or other short corneal or conjunctival procedures successfully and accurately. 

Six literature reports of controlled, prospective studies evaluating fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution 0.25%/0.4% in providing visualization and topical 
anesthesia form the primary basis of support for efficacy.   An additional five literature reports of 
controlled, prospective studies evaluating fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution 0.25%/0.4% in providing adequate visualization and topical anesthesia in 
pediatric patients form the primary basis of support for efficacy in the pediatric population.  

Reference ID: 3947659

(b) (4)



NDA 208582 Original
CDTL memo

 (fluorescein sodium and benoxinate hydrochloride ophthalmic solution) 0.25%/0.4%

12

Table 7-1 Key Clinical Efficacy Studies

Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic Solution 
Information

Manufacturer

Comments / 
Findings

Hales 1967 Assess IOP (by GAT) 
using a sterile 
Benoxinate and 
Fluorescein Ophthalmic 
Solution

Retrospective, non-
randomized, unmasked

Provo, UT

N=1381 
M/F:  644/737

Age range: 
5-96 yrs 

Fluress (fluorescein 
0.25%- benoxinate 
0.4%)

Barnes-Hind Labs a, b 

DP provided adequate 
anesthesia and dye 
patterns for GAT

Quickert 1967 Assess effectiveness 
and tolerability of 2 
fluorescein-anesthetic 
solutions

Double-blind crossover trial

Dept. of Ophthalmology 
UCSF, San Francisco, CA

N=50; 
100 eyes underwent 
IOP assessment 
using 2 different 
fluorescein-
anesthetic solutions

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 
0.5% proparacaine and 
0.25% fluorescein 
ophth. soln. 

Manufacturer not 
specified. b

Both products 
appeared to be 
similarly effective.

Katz et al. 1976 Compare IOP-lowering 
effect of timolol to that 
of placebo in healthy 
volunteers

Double-blind RCT. Patients 
assigned to timolol or 
placebo.  IOP was assessed by 
GAT at 6 time points on Days 
1, 8, and 15.

N=30
Ages 20-48 years

Fluress (fluorescein 
0.25%- benoxinate 
0.4%)

Manufacturer not 
specified. d

Some patients  
experienced bulbar 
conjunctival 
erythema or 
punctate keratitis.

Bright et al. 
1981

Compare IOP assessed 
by GAT with or without 
fluorescein

Randomized, unmasked, 
crossover; matched-pairs 
analysis on 1 randomly 
selected eye from each patient

Southern California College 
of Optometry, Fullerton, CA

N=100

200 eyes assessed 
with and without 
fluorescein

Fluress (fluorescein 
0.25%- benoxinate 
0.4%);
Ophthetic 
(proparacaine HCl) 
0.5% only

Manufacturer not 
specified

 GAT w/o 
fluorescein 
underestimated IOP 
by approximately 
7 mmHg.

 Safety and 
tolerability not 
reported.

Jose et al. 1983 Compare IOP assessed 
by GAT using 
benoxinate-fluorescein 
ophthalmic solution to 
that assessed by GAT 
using 0.5% 
proparacaine and 
fluorescein strip

Randomized, unmasked, 
crossover;  first eye assessed 
selected randomly by coin flip

School of Optometry, 
University of CA, Berkeley

N=14; 
28 eyes underwent 
IOP assessment 

Gender, Age: NR

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 
Proparacaine 0.5% 
ophth. soln. with 
fluorescein strip

Manufacturer not 
specified. b

 IOP assessed using 
fluorescein-
benoxinate was 
significantly lower 
than that assessed 
using proparacaine- 
fluorescein strip.  
The difference was 
not considered 
clinically 
meaningful.

 Safety and 
tolerability not 
reported.
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Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic Solution 
Information

Manufacturer

Comments / 
Findings

Ng et al. 2006 Compare the safety, 
validity, and comfort of 
benoxinate 0.4% and 
0.35% fluorexon 
disodium to that of 
benoxinate 0.4% and 
0.25% fluorescein 
ophthalmic soln.

Double-masked, randomized, 
crossover

Southern CA college of 
Optometry, Fullerton, CA 

N= 67; 
134 eyes underwent 
IOP assessment 
with each 
comparator

M/F:  35/32
Age: NR
Adults = 67

AccuFluoro 
(fluorescein 0.25%-
benoxinate 0.4%) 
FluraSafe (0.35% 
fluorexon-benoxinate 
0.4%)

Altaire 
Pharmaceuticals c

Fluorescein and 
fluorexon appear to 
be equally effective.

Table 7-2 Key Clinical Efficacy Studies in Pediatric Patients

Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic Solution 
Information

Manufacturer

Other Comments

Yolton et al. 
1980

Assess adverse events 
associated with 
ophthalmic diagnostic 
drugs in clinical setting

Cross-sectional study
N=NR; study tracked
applications of drug
rather than patient
numbers; study
evaluated more than
15,000 applications of
various drugs,
including 2,323
applications of
fluorescein-benoxinate
solution

Pacific University College of 
Optometry, Forest Grove, OR

Feb. 1979 – April 1979

N=247

Age 0-20 yr: 236
Age 0-10 yr:  11

Fluress (fluorescein 
sodium and 
benoxinate HCl, 
USP) 0.25%/0.4%;
Proparacaine 0.5%;
Tropicamide 0.5% 
and1.0%;
Cyclopentolate 0.5 
and1.0%;
Phenylephrine 2.5%;
and 10% ;
Fluorescein; 
Rose Bengal

Manufacturer not 
specified

Fluress applications 
recorded:  
2323 total
Age 0-10:        11
Age 11-20:    225
Age 21-30:    788
Age 31-40:    417
Age 41-50:    483
Age 51-60:    284
Age >60:       101
Age not spec.: 14
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There are several articles which evaluate the concentration needed of each ingredient to perform 
procedures such as applanation tonometry.  The best of these is one by Robert Moses [Moses 
RA.  Fluorescein in Applanation Tonometry. American Journal of Ophthalmology. 49:1149-
1155, 1960] which demonstrated that the minimal concentration needed to accurately determine 
the intraocular pressure was 0.125% fluorescein solution. [see graph below].
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From an article by Jauregui et al. [Jauregui MJ, Sanders TL, Polse KA.  Anesthetic effects from 
low concentrations of proparacaine and benoxinate.  Journal of the American Optometric 
Association.  1980; 51(1):37-41.]  the minimal concentration of benoxinate needed to reliably 
perform tonometry on patients of all ages was 0.4%.  [see graph below].
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Another paper evaluated the duration of effect of each of these concentrations of benoxinate 
[Polse KA, Keener RJ, Jauregui MJ.  Dose-Response Effects of Corneal Anesthetics.  American 
J Optometry Physiological Optics 1978; 55(1):8-14.].  With a corneal threshold touch of 75 
mg/mm2 needed to perform tonometry, the 0.4% concentration provides an adequate duration of 
effect for at least 20 minutes.
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Summary Efficacy Statement

The literature studies contained in this submission support the efficacy of fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution, 0.25%/0.4% for use in ophthalmic procedures 
requiring a disclosing agent in combination with an anesthetic. 

The effect of the fluorescein sodium as a disclosing agent occurs immediately upon instillation 
and lasts for 10 to 15 minutes (Schlegel et al. 1954).  The anesthetic effect of the benoxinate 
hydrochloride occurs within 60 – 90 seconds and lasts up to 45 minutes (Polse et al. 1978).

The safety and effectiveness of  have been established for pediatric patients.  Use of 
 is supported by evidence from adequate and well controlled studies.  
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8. Safety

No clinical trials were conducted by the Applicant to assess the safety of fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution 0.25%/0.4% as a disclosing agent and topical 
anesthetic for ophthalmic procedures; therefore, the safety of the product is based on the 
published literature and postmarketing reports.

Fluorescein sodium and benoxinate hydrochloride ophthalmic solution, 0.25%/0.4% has been 
commercially available since the late 1960s and widely used in routine eye examinations and 
ophthalmic procedures which required a disclosing agent and topical anesthetic.  Due to the long 
history and frequent use of fluorescein sodium and benoxinate hydrochloride ophthalmic 
solution, 0.25%/0.4%, there has been adequate exposure for safety evaluation.

Given its episodic and short term use, there are no published trials which evaluated its long term 
continuous use.  Exposure to fluorescein and benoxinate ophthalmic solution (0.25%/0.4%) 
ranged from one dose per study eye to eight doses per study eye in one day in the studies in 
Table 7-1 and 7-2.  In studies in which dosing of the product occurred at multiple visits, the 
number of visit days ranged from 2 to 7 days over a period of 2 days to 12 months.

The studies which did report of the safety and/or tolerability included six single-dose studies and 
a multiple dose study in which patients received six does per eye per day on Days 1, 8, and 15 
for a total of 18 doses per eye during the 15 day study.

Reporting of adverse reactions attributable to the use of fluorescein sodium and benoxinate 
hydrochloride ophthalmic solution (0.25%/0.4%) was rare in clinical studies. The literature 
reports of the clinical studies which did report on these adverse reactions were described in Table 
7.2.1-1 and were reviewed in depth.  

The adverse reactions reported in these studies with the use of fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) were:  bulbar conjunctival 
erythema, burning, coldness, corneal desquamation, corneal staining, discomfort, dizziness, dull 
ache, fainting, irritation, mild conjunctival infection and punctate keratitis.
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Safety Summary Statement 

The literature studies contained in this submission support the safety of fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution 0.25%/0.4% for use in ophthalmic procedures 
requiring a disclosing agent in combination with an anesthetic. 

The adverse reactions reported in these studies with the use of fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) were:  bulbar conjunctival 
erythema, burning, coldness, corneal desquamation, corneal staining, discomfort, dizziness, dull 
ache, fainting, irritation, mild conjunctival infection and punctate keratitis.
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9. Advisory Committee Meeting 

No Advisory Committee Meeting was held.  There were no new issues raised in the review of the 
application which were thought to benefit from an Advisory Committee Meeting. 

10. Pediatrics

Literature reports on the use of fluorescein sodium and benoxinate hydrochloride ophthalmic 
solution (0.25%/0.4%) in the pediatric population of all age groups were submitted.  See Table 7-
2 of this review.  Given the short term episodic use of the product, no long term studies of its 
effect on growth have been performed.

This application was presented at the Pediatric Review Committee (PeRC) for assessment on 
May 11, 2015.  PeRC concurred that adequate clinical studies in the pediatric population had 
been completed. 

11. Other Relevant Regulatory Issues 

BIOSTATISTICS
Per the Biostatistics filing review dated 3/9/16 for the resubmission:

During the filing meeting, the statistical reviewer commented that the published studies 
submitted in this NDA appeared to use the combination product or its individual components as 
an active control to evaluate the effectiveness of other products. The statistical team raised the 
question on how these studies could be used to evaluate the efficacy of the combination product. 
The clinical review team responded that in clinical practice the combination product is used as a 
gold standard for the proposed indication and its efficacy was demonstrated not through the 
typical clinical trials.

Therefore the statistical team defers the filability decision to the clinical review team and agrees 
with the clinical team that the statistical team doesn’t need to write a separate statistical review 
for this NDA.

DMEPA
In this review cycle, the Division of Medication Error Prevention and Analysis (DMEPA) 
finalized a review of originally proposed proprietary name,  and granted conditional 
acceptance on April 21, 2016. Their proprietary name risk assessment did not find the name 
vulnerable to confusion that would lead to medication errors and did not consider the name 
promotional.  DMEPA completed a labeling review on June 2, 2016. 
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OPDP
The Office of Prescription Drug Promotion (OPDP) completed a formal review of the package 
insert and labeling on 6/13/16.  

FINANCIAL DISCLOSURE
This is a 505(b)(2) new drug application primarily based on literature.    In accordance with 21 
CFR Part 54, no financial disclosure is appropriate for this application. There are no “covered 
clinical studies” in this submission. 

OSI
An Office of Scientific Investigations (OSI) audit was not requested.  This is a 505(b)(2) 
supplemental application primarily based on literature. 

12. Labeling 

The labeling found at the end of this review may be acceptable for approval once the issues 
regarding the manufacturing facility  and inadequate DMF  are 
resolved.  A re-review of the labeling will be completed once the quality issues associated with 
the drug product are resolved. 
 

13. Recommendations/Risk Benefit Assessment 

RECOMMENDED REGULATORY ACTION: 
NDA 208582,  (fluorescein sodium and benoxinate hydrochloride ophthalmic solution) 
0.25%/0.4%, is not recommended for approval for ophthalmic procedures requiring a disclosing 
agent in combination with anesthetic agent.  

The following deficiency items are recommended for the Complete Response letter:

1. The methods to be used in, and the facilities and controls used for, the manufacture, 
processing, packing, or holding of the drug substance or the drug product must comply 
with the current good manufacturing practice regulations in parts 210 and 211. During a 
recent inspection of the  drug substance manufacturing 
facility for this application, our field investigator conveyed deficiencies to the 
representative of the facility. Satisfactory resolution of these deficiencies is required 
before this application may be approved or an alternative source of the drug substance 
must be included in the application. 

2. Your application relies on the Drug Master File (DMF)  to support your proposed 
new drug product. This DMF was found inadequate to support your submission and a 
deficiency letter was sent to the DMF holder on April 7, 2016. These deficiencies must 
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1 Recommendations/Risk Benefit Assessment

1.1 Recommendation on Regulatory Action

NDA 208-582 is recommended for approval with the labeling changes identified in this 
review.  The literature studies contained in this submission support the use of 
fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% for 
use in ophthalmic procedures requiring a disclosing agent in combination with 
anesthetic.

1.2 Risk Benefit Assessment

The benefits of using this drug product outweigh the risks for the intended indication.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies

There are no postmarket risk evaluation or mitigation strategies recommended for this 
product.

1.4 Recommendations for Postmarket Requirements and Commitments

There are no postmarket requirements or commitments recommended for this product.

2 Introduction and Regulatory Background

2.1 Product Information

 (fluorescein sodium and benoxinate hydrochloride ophthalmic solution) 
0.25%/0.4% is a combination product that contains fluorescein, a disclosing agent, and 
benoxinate, a topical anesthetic. This combination is beneficial for use in corneal and 
conjunctival eye procedures. Fluorescein sodium as a single ingredient product has a 
long history of use as an unapproved product.

There is a United States Pharmacopeia (USP) monograph for Fluorescein Sodium and 
Benoxinate Hydrochloride Ophthalmic Solution.  Fluorescein sodium is a dye and is 
currently used extensively as a diagnostic tool.  The purpose of the anesthetic in this 
combination product is to permit contact with the ocular surface and to reduce 
discomfort from the ophthalmic procedure. 
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Fluorescein Sodium has been widely used for the examination of corneal epithelial 
integrity since 1882. Fluorescein sodium is currently used extensively as a diagnostic 
tool.

Fluorescein is also marketed as an injectable to be administered intravenously (IV). The 
IV form of fluorescein includes the Alcon product [NDA 21-980 Fluorescite (fluorescein 
injection, USP) 10%] which was approved in 2006, and the Akorn products [NDA 22-
186 AK-Fluor (fluorescein injection, USP) 10% and 25%]. The injectable product is 
indicated in diagnostic fluorescein angiography or angioscopy of the retina and iris 
vasculature.

Benoxinate hydrochloride is a topical anesthetic. Benoxinate hydrochloride ophthalmic 
solution, 0.4%, was originally permitted in 1953 as Dorsacaine under NDA 08-729. The 
product was reviewed as part of the Drug Efficacy Study Implementation (DESI) and 
found to be effective.

2.2 Tables of Currently Available Treatments for Proposed Indications

There are no approved combinations of fluorescein sodium and benoxinate 
hydrochloride ophthalmic solution 0.25%/0.4%.  There is no approved topical 
fluorescein product.

Following is a list of the fluorescein sodium and benoxinate hydrochloride (0.25/0.4%) 
ophthalmic solution combination products that are currently marketed without approved 
new drug applications. Products such as these have been available since the mid-
1960s.

• Fluress (Akorn)
• EyeFlur (Eye Supply)
• Flurox (Ocusoft)
• Fluoron (Eye Care & Cure)
• FluorBenox (Wilson)
• Fluorescein Sodium and Benoxinate Hydrochloride Solution (Altaire, Bausch & 

Lomb, Rosestone, Hub)

2.3 Availability of Proposed Active Ingredient in the United States

Fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25/0.4% has 
been commercially available since at least the mid-1960s for use as a disclosing agent 
and topical anesthetic for ophthalmologic procedures. 

2.4 Important Safety Issues With Consideration to Related Drugs

There are no specific safety concerns that have arisen.
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2.5 Summary of Presubmission Regulatory Activity Related to Submission

A pre-IND meeting was held with the Agency for this product in August 2013.

2.6 Other Relevant Background Information

None.

3 Ethics and Good Clinical Practices

3.1 Submission Quality and Integrity

The original submission from the Applicant did not allow for a substantive review of the 
product without requiring additional information.  Supplemental literature searches were 
conducted.  The applicant was requested to submit additional literature references to 
support the application.

3.2 Compliance with Good Clinical Practices

No clinical trials were conducted by the Applicant to assess the safety and/or efficacy of 
fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4%.

3.3 Financial Disclosures

No covered clinical studies are included in this application and, therefore, no financial 
certification or financial disclosure, as outlined in 21 CFR 54.4, was provided by the 
sponsor.

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines

4.1 Chemistry Manufacturing and Controls

The drug product is  (fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution) 0.25%/0.4% is a sterile disclosing agent / anesthetic combination 
that has been manufactured by Altaire Pharmaceuticals, Inc. and marketed without an 
approved New Drug Application.  The drug product is filled with 5 mL into  
glass bottle, with  cap and  liner.
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Composition of  (fluorescein sodium and benoxinate HCl ophthalmic 
solution) 0.25%/0.4%

mg/mL Ingredients CAS# Percentage Role in 
Formulation

Fluorescein USP 0.22 % Active

Sodium Hydroxide NF pH Adjuster

Benoxinate Hydrochloride USP 0.4% Active

Chlorobutanol NF 1.1% Preservative

Povidone  USP

Hydrochloric Acid % NF pH Adjuster

Water for Injection USP --

Qs
May contain Hydrochloric Acid 
and/or Sodium Hydroxide to 
adjust a target pH of 

--

4.2 Clinical Microbiology

Not applicable for this application.

4.3 Preclinical Pharmacology/Toxicology

No new nonclinical testing was conducted with fluorescein sodium and benoxinate 
hydrochloride ophthalmic solution 0.25%/0.4% to support the submitted application.  
Only limited information on the pharmacology and pharmacokinetics of the compound is 
available through literature reports provided by the applicant.  See the Pharmacology 
Toxicology review for a review of these references.

4.4 Clinical Pharmacology

No new preclinical or clinical studies were performed or were included in this NDA 
submission.    

4.4.1 Mechanism of Action

Fluorescein sodium is a diagnostic dye which has been widely used to examine corneal 
integrity since 1882.  Fluorescein sodium is a water soluble hydroxyxanthene dye with 
fluorescent properties.  The drug response to electromagnetic radiation or light between 
the wavelengths of  nm and emits yellowish-green light wavelengths of  

 nm.  
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Benoxinate hydrochloride is a topical anesthetic which binds to sodium channels and 
reversibly stabilizes the neuronal membrane which decreases its permeability to sodium 
ions.  Depolarization of the neuronal membrane is inhibited, thereby blocking the 
initiation and conduction of nerve impulses.  

4.4.2 Pharmacodynamics

Pharmacodynamic studies have not been conducted for this product by the applicant.

4.4.3 Pharmacokinetics

Pharmacokinetics studies have not been conducted for the product by the applicant.
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5 Sources of Clinical Data
See Appendix 9.1 for a list of all literature references submitted by the Applicant.

5.1 Tables of Studies/Clinical Trials

Sources used to compile the tables in Section 5.1 include the literature references as well as, information found in Module 
2.5.4 (Tables 2.5.4.3 and 2.5.4.4) and Module 2.7 (Tables 2.7.3.1, 2.7.3.2, 2.7.4.7.1) and the April 11, 2016, amendment 
to the application.

Table 5.1-1 Key Clinical Efficacy Studies Submitted by the Applicant

Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic 
Solution 
Information

Manufacturer

Comments / 
Findings

Hales 1967 Assess IOP (by GAT) 
using a sterile 
Benoxinate and 
Fluorescein 
Ophthalmic Solution

Retrospective, non-
randomized, unmasked

Provo, UT

N=1381 

M/F:  644/737

Age range: 
5-96 yrs 
(No. of pediatric 
patients NR)

Fluress (fluorescein 
0.25%- benoxinate 
0.4%)

Barnes-Hind Labs a, 

b 

DP provided 
adequate 
anesthesia and dye 
patterns for GAT
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Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic 
Solution 
Information

Manufacturer

Comments / 
Findings

Quickert 1967 Assess effectiveness 
and tolerability of 2 
fluorescein-anesthetic 
solutions

Double-blind crossover trial

Dept. of Ophthalmology 
UCSF, San Francisco, CA

N=50; 
100 eyes 
underwent IOP 
assessment using 
2 different 
fluorescein-
anesthetic 
solutions

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 
0.5% proparacaine 
and 0.25% 
fluorescein ophth. 
soln. 

Manufacturer not 
specified. b

Benoxinate 0.4% 
and fluorescein 
0.25% ophth. soln 
appeared to be 
similarly effective.

Katz et al. 
1976

Compare IOP-
lowering effect of 
timolol to that of 
placebo in healthy 
volunteers

Double-blind RCT. Patients 
assigned to timolol or 
placebo.  IOP was 
assessed by GAT at 6 time 
points on Days 1, 8, and 
15.

N=30
Ages 20-48 yrs

Fluress (fluorescein 
0.25%- benoxinate 
0.4%)

Manufacturer not 
specified. d

Some patients 
(n=NR) 
experienced 
bulbar 
conjunctival 
erythema or 
punctate keratitis.

Bright et al. 
1981

Compare IOP 
assessed by GAT 
with or without 
fluorescein

Randomized, unmasked, 
crossover; matched-pairs 
analysis on 1 randomly 
selected eye from each 
patient

Southern California College 
of Optometry, Fullerton, CA

N=100

200 eyes 
assessed with and 
without fluorescein

Fluress (fluorescein 
0.25%- benoxinate 
0.4%);
Ophthetic 
(proparacaine HCl) 
0.5% only

Manufacturer not 
specified

 The correlation 
between IOP 
readings with and 
without 
fluorescein was 
significant 
(r=0.0552, 
p<0.01)

 GAT w/o 
fluorescein 
underestimated 
IOP more in eyes 
with higher IOP.

 Safety and 
tolerability not 
reported.
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Table 5.1-2 Key Clinical Efficacy Studies in Pediatric Patients Submitted by the Applicant

Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic 
Solution 
Information

Manufacturer

Other Comments

Yolton et al. 
1980

Assess adverse 
events associated 
with ophthalmic 
diagnostic drugs in 
clinical setting

Cross-sectional study
N=NR; study tracked
applications of drug
rather than patient
numbers; study
evaluated more than
15,000 applications of
various drugs,
including 2,323
applications of
fluorescein-benoxinate
solution

Pacific University College 
of Optometry, Forest 
Grove, OR

Feb. 1979 – April 1979

N=247

Age 0-20 yr: 236
Age 0-10 yr:  11

Fluress 
(fluorescein 
sodium and 
benoxinate HCl, 
USP) 0.25%/0.4%;
Proparacaine 0.5%;
Tropicamide 0.5% 
and1.0%;
Cyclopentolate 0.5 
and1.0%;
Phenylephrine 2.5%;
and 10% ;
Fluorescein; 
Rose Bengal

Manufacturer not 
specified

Fluress applications 
recorded:  
2323 total
Age 0-10:        11
Age 11-20:    225
Age 21-30:    788
Age 31-40:    417
Age 41-50:    483
Age 51-60:    284
Age >60:       101
Age not spec.: 14
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Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic 
Solution 
Information

Manufacturer

Other Comments

Appelbaum 
et al. 1983

Assess adverse 
events associated 
with ophthalmic 
diagnostic drugs in 
clinical setting

Cross-sectional study
N=12493 patients (eyes 
NR), including n=5153 
patients who received 
Fluress (fluorescein-
benoxinate solution)

Southern CA College of 
Optometry, Fullerton, CA 

Oct 1981 – March 1982

N= 12493
M/F:  7350/ 5143

Age:  NR

698 pts rec’d 
Fluress age 0-20 
yrs, (98 patients 
age 0-10 yrs)

Fluress 
(fluorescein 
sodium and 
benoxinate HCl, 
USP) 0.25%/0.4%
Proparacaine 0.5%;
Tropicamide 0.5% 
and1.0%;
Cyclopentolate 0.5 
and1.0%;
Phenylephrine 2.5%;
Hydroxyamphetamine 
1.0%

Manufacturer not 
specified b

Fluress applications 
recorded:  
5153 total
Age 0-10:        98
Age 11-20:    600
Age 21-30:   1148
Age 31-40:    717
Age 41-50:    890
Age 51-60:    804
Age >60:       896

Eisenberg et 
al. 1998

Compare IOP 
assessed by GAT 
with IOP assessed by 
pneumotonometry

Non-randomized, 
unmasked, crossover, IOP 
was assessed by GAT first, 
followed by 
pneumotonometry; if data 
from both eyes of a patient 
were available, the average 
was reported

New England Eye Center, 
Tufts Univ. School of 
Medicine, Boston, MA

Nov. 1995 and July 1996

N= 72
GAT with Fluress 
N=33 pts 
presenting to the 
Pediatric Ophth. 
And Strabismus 
service 

Mean age:  14.5
Range (0-50 yrs)

Adult/Ped:  4/29
Age 0-10 yrs:    7
Age 11-20 yrs: 12

Fluress (fluorescein 
sodium and 
benoxinate HCl, 
USP) 0.25%/0.4%

Akorn, Inc.a

None
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Table 5.1-3 Supportive Clinical Safety and Efficacy Studies Submitted by the Applicant

Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic 
Solution 
Information

Manufacturer

Other Comments

Atkinson et al. 
1992

Compare IOPs 
assessed by 3 
different  Pulsair non-
contact tonometers to 
GAT 

Non-randomized, 
unmasked, crossover

St. Paul’s Eye Hospital , 
Liverpool, UK
Queens’s Medical Centre, 
Nottingham, UK

N=NR
N = 403 eyes 
(GAT); 
64 eyes 
(Pulsair A vs. 
GAT); 
223 eyes
(Pulsair B vs. 
GAT); 
116 eyes
(Pulsair C vs. 
GAT) 

Oxybuprocaine a 

0.4%-fluorescein 
0.25% ophthalmic 
solution

Manufacturer 
information not 
specified.

Safety and 
tolerability not 
reported.

Freiberg et al. 
2012

Assess corneal 
thickness after 
overnight wear of an 
IOP fluctuation 
contact lens sensor

Non-randomized, 
unmasked, cross-sectional 
study

Dept. of Ophthalmology 
Julius Maximilians Univ., 
Wurzberg, Germany

N=20; 
40 eyes 
underwent GAT, 
20 eyes randomly 
selected for other 
assessments

M/F: 11 / 9
Mean age: 64 yrs
Adult/ Ped: 20/0

Oxybuprocaine a 

0.4%-fluorescein 
0.25% ophthalmic 
solution

OmniVision AG, 
Switzerland

Safety and 
tolerability not 
reported..

Gloster and 
Poinoosawmy 
1973

Assess IOP (by GAT) 
at baseline and at 5- 
to 20-minute intervals 
following a 1-hour 
period spent in 
complete darkness

Non-randomized, 
unmasked, cross-sectional 
study

Institute of Ophthalmology 
University of London

N= NR
176 eyes

Gender: NR
Age: NR

Novesine b 

(benoxinate 0.4%)-
fluorescein 0.25% 
ophthalmic solution

Manufacturer not 
specified

Safety and 
tolerability not 
reported.
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Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic 
Solution 
Information

Manufacturer

Other Comments

Hillman 1974 Assess effectiveness 
of a pilocarpine-
soaked soft CLs for 
patients with acute 
angle closure 
glaucoma

Non-randomized, 
unmasked, historical 
control

Birmingham and Midland 
Eye Hospital, 
Birmingham, UK

N=22
25 eyes, acute 
angle closure 
glaucoma

Gender: NR
Age: NR

Benoxinate 0.4%-
fluorescein 0.25% 
ophthalmic solution

Manufacturer not 
specified

Safety and 
tolerability not 
reported.

Klein et al. 
1992

Assessment of IOP in 
the Beaver Dam 
Study, a population-
based study of age-
related eye disease in 
US adults

Prospective cohort study

Beaver Dam, WI

N=4926
 4926 eyes were 
assessed with 
GAT

M/F:  2135 / 2721
Age: 43-86 yrs

Fluress (fluorescein 
0.25%- benoxinate 
0.4%)

Armour

Safety and 
tolerability not 
reported.

Pekmeczi 
et al.  2011

Assess whether order 
of measurement 
between OD and OS 
affects observed IOP

Randomized, unmasked N=105
(210 eyes had 
GAT IOP 
assessed 
repeatedly

M/F:  41/64
Age:  39 yrs 
(mean)
No pediatric pts.

Benoxinate 0.4%-
fluorescein 0.25% 
ophthalmic solution

Manufacturer not 
specified d

Safety and 
tolerability not 
reported..

Pepose et al.
2007

Compare pre- and 
post-LASIK IOP 
assessed by GAT, 
ORA, and PDCT

Prospective, non-
randomized, cohort study

Pepose Vision Institute, 
St. Louis, MO

N= 33 (66 eyes) 
underwent IOP 
assessment using 
GAT, ORA and 
PDCT prior to and 
1 week following 
LASIK

Benoxinate 0.4%-
fluorescein 0.25% 
ophthalmic solution

Akorn, Inc.d 

Safety and 
tolerability not 
reported.
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Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic 
Solution 
Information

Manufacturer

Other Comments

Qureshi et al. 
1996

Assess seasonal 
variation of IOP in 
healthy Chinese 
subjects

Prospective cohort study

Shanghai Medical 
University, China

N= 103 (206 eyes)
Healthy subjects 
underwent 
bimonthly 
assessments of 
IOP during a 14-
month period

103 males
Mean  age: 26.3 
Range: 21-30 yrs

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 

Manufacturer not 
specified d

Safety and 
tolerability not 
reported.

Realini et al. 
2010

Assess repeatability 
of diurnal IOP 
patterns in healthy 
subjects

Prospective cohort study

West Virginia University 
Eye Inst.
Morgantown, WV

N= 40 healthy 
adults (80 eyes)

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 

Akorn, Inc. d

Safety and 
tolerability not 
reported.

Wilkerson et 
al. 1993

Assess safety and 
efficacy of topical 
dorzolamide

Double-masked, 
randomized, placebo-
controlled, parallel-group 
trial

N= 48 adult 
patients (96 eyes) 
with POAG or 
OHT

M/F:  23/25
Age: Mean 59.9 -
65 y

Benoxinate 0.4%-
fluorescein 0.25% 
ophthalmic solution

Manufacturer not 
specified 

Safety and 
tolerability not 
reported.

Xi et al. 1996 Assess diurnal 
variation of IOP in 
normal and ocular 
hypertensive subjects 
in China

Cross-sectional study

Shanghai Medical 
University, China

N= 67 healthy 
subjects 
(134 eyes)

N=59 subjects 
with OHT 
(118 eyes)

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 

Manufacturer not 
specified d

Safety and 
tolerability not 
reported.
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Reference Study Objective Study Design
Study Setting

No. of Patients/ 
Patient 
Demographics

Fluorescein and 
Benoxinate 
Ophthalmic 
Solution 
Information

Manufacturer

Other Comments

Yeung et al. 
2000

Assess tolerability 
and corneal epithelial 
cell desquamation 
after GAT using 
fluoracaine or fluorox

Cross-sectional study 

Optometric Center of LA, 
Southern CA Colelge of 
Optometry
Fullerton, CA 

N= 30 healthy 
subjects
(60 eyes)

M/F:  12/18
Age:  Healthy 
mean 27 y (range 
18-42 yrs)

Fluorox (0.25% 
fluorescein- 0.4% 
benoxinate)

Fluorocaine (0.25% 
fluorescein- 0.5% 
proparacaine)

Altaire 
Pharmaceuticals

None.

Akpek et al. 
2009

Assess patients with 
dry eye for Sjogren’s 
syndrome

Cross-sectional study and 
retrospective chart review

Wilmer Eye Institute, The 
Johns Hopkins University 
of School of Medicine
Baltimore, MD

N= 220 pts with 
dry eye syndrome

M/F: 24.1%/75.9%
Age: Median 59 y
Range 10-91 yrs

25% of patients 
age 10-21 years

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 

Akorn, Inc. d

Safety and 
tolerability not 
reported.

Liu et al.  
2005

Assess whether 
abnormal tear film 
dynamics contribute 
to floppy eyelid 
syndrome (FES)

Cross-sectional study

Bascom Palmer Eye Inst., 
Univ. of Miami, School of 
Medicine
Miami, FL

N= 16 pts
(32 eyes) with 
FES

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 

Akorn, Inc. d

Safety and 
tolerability not 
reported.

Prabhasawat 
et al.  1998

Assess symptoms 
and response to 
topical steroids in 70 
patients with normal 
tear production but 
delayed tear 
clearance

Prospective cohort study

Bascom Palmer Eye Inst., 
Univ. of Miami, School of 
Medicine
Miami, FL

N= 70 (127 eyes)

M/F:  24/46
Mean age: 71.9y

Fluress (fluorescein 
0.25%- benoxinate 
0.4%); 

Akorn, Inc. d

2147 FCT tests 
performed between 
1986 – 1995.
Safety and 
tolerability not 
reported.
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Table 5.1-4 Key Literature References Supporting Fluorescein Sodium Concentration 

Reference Study Objective Study Description Study Drug Dose Study Findings

Moses, R.A.  
1960

Evaluate the optimum 
concentration and pH 
of fluorescein 
solutions in 
applanation 
tonometry.

Fluorescein solutions of various 
concentrations were prepared and used 
to perform applanation tonometry on a 
Lucite ball (diameter 25 mm) held by a 
clamp to the headrest of the Haag-Streit 
slit lamp microscope.  The tonometer 
prism was held against the ball with a 
force of 1 gm.  A drop of fluorescein 
solution was placed between the ball and 
prism.  The resulting pattern was viewed 
through the slit lamp to calculate the 
applanated area and mires.  The error in 
IOP caused by the different applanated 
areas by the different solutions was 
calculated.

Various concentrations of 
fluorescein were prepared 
by diluting stock 2.0% 
fluorescein with 
 Normal saline (NS), 
 Equal parts NS and 

0.2% Novesine a, 
 Novesine
 Equal parts NS and 

0.5% Ophthaine b, 
 0.5% Ophthaine and 
 Seven parts phosphate 

buffer (ph 7) and 
Ophthaine

 Goldmann applanation tonometry (GAT) 
measurements were most accurate with 
fluorescein solution concentrations of 0.5% 
to 0.125% regardless of the diluent used.  

 GAT with an insufficient concentration of 
fluorescein in the tear fluid will 
underestimate IOP.

 Topical anesthetic solutions tested quench 
much of the fluorescence of fluorescein.

Grant, W.M. 
1963

To determine the 
optimum 
concentration of 
fluorescein to be used 
in Goldmann 
applanation 
tonometry

Sodium fluorescein solutions of 0.125, 
0.25, 0.5 and 2.0 percent were instilled 
after one drop of proparacaine in a series 
of 200 patients to determine which 
concentration provided the best 
tonometer-cornea interface and patient 
experience.

Sodium fluorescein solutions 
of 0.125, 0.25, 0.5 and 2.0 
percent prepared by Barnes-
Hind Laboratories, 
Sunnyvale, CA

The 0.25% sodium fluorescein gave the best 
results.  The 0.125% and 0.5% solutions 
were usable but produced less distinct mires. 
interference with visualization in gonioscopy 
was present with the 0.5% and 2.0%.  
Discoloration of the lid margins was 
unacceptable with the 2.0% > 0.5% solutions.

Fenton, P.J. 
1965

To determine the best 
anesthetic to mix with 
fluorescein solution 
and the best 
concentration of each

Mixtures of 0.125% fluorescein and 
multiple anesthetics (lignocaine HCl, 
cocaine, amethocaine, butacaine 
proparacaine and Novesine (benoxinate) 
0.4%) were prepared in neutral glass 
bottles.  The solutions were observed at 
25C for 1 hour.  Those with minimal 
precipitates were then observed at 4C, 
25C and 37C for 24 hours and 1 week.

0.125% sodium fluorescein  
multiple anesthetics

The recommended mixture was 0.3% 
Novesine (benoxinate) and 0.125% 
fluorescein because of good, quick 
anesthetic action, adequate fluorescent 
mires, no vasodilator/vasoconstrictor activity, 
no effect of pupil, low corneal/conjunctival 
toxicity and no precipitate formation.
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Reference Study Objective Study Description Study Drug Dose Study Findings

Roper, D.L. 
1980

To demonstrate that 
applanation 
tonometry is more 
accurate with 
fluorescein

Full staining of the tear film with 0.25% 
fluorescein-0.4% benoxinate solution; 
partial staining with topical anesthetic 
followed by briefly touching the tear 
meniscus with a fluorescein impregnated 
paper strip and no staining were 
compared in two groups.  

0.25% sodium fluorescein 
-0.4% benoxinate solution; 
proparacaine with 
fluorescein impregnated 
strip

Applanation tonometry underestimated IOP 
by 5.62 mmHg (p<.001) when fluorescein 
was not used and by 1.68 mmHg (p<.05) 
when a “partial” staining with a topical 
anesthetic followed by a fluorescein 
impregnated strip was used.

Reviewer’s Comment:
Sodium fluorescein has been tested and utilized as a disclosing agent for Goldmann applanation tonometry at 
concentrations ranging from 0% to 2.0%.  The 0.125% concentration has produced satisfactory results.  The literature 
describes that the best results were achieved with the 0.25% fluorescein sodium ophthalmic solution. 
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Table 5.1-5 Key Literature References Supporting Benoxinate Hydrochloride Concentration 

Reference Study Objective Study Description Study Drug Dose Study Findings

Schlegel H.E. 
and Swan, 
K.C.
1954

Evaluation of 
improved methods 
and agents for 
inducing anesthesia 
local to the eye and 
its adnexa for clinical 
(office) use.

Report of a series of nonclinical and 
clinical investigations of benoxinate 
performed by multiple researchers – 
including the Univ. or Oregon Medical 
School.  At the Univ. of Oregon Medical 
School 1000 patients in the eye clinic 
were administered 0.1% to 0.5% 
benoxinate.

Benoxinate 0.1%, 0.2%, 
0.4% and 0.5%

 A single instillation of 0.1% permitted 
tonometry within 60-90 seconds.  Duration 
of anesthesia, 10-15 min.

 A single instillation of 0.2% induced more 
consistent anesthesia but required multiple 
instillations for minor surgery i.e., suture 
removal, removal of embedded corneal 
foreign body.

 0.4% benoxinate deemed most suitable for 
routine office use – produced adequate 
anesthesia for office use and isotonic so 
produced very little irritation.

 1 ml instilled in the lacrimal sac produced 
excellent anesthesia for probing and 
irrigation.

 0.5% benoxinate solution was well 
tolerated and induced conjunctival and 
corneal anesthesia lasting 20-30 min

 0.4% benoxinate solns not easily 
contaminated with bacteria, even when left 
open for 1 week.

Emmerich, et 
al.  1955

To evaluate 
experimentally the 
clinical utility of 
dorsacaine 
(benoxinate HCl 
0.4%)

Subjective reactions to 0.2% and 0.4% 
benoxinate were evaluated in 408 
unselected patients from the glaucoma 
and emergency services at NYEEI.

Benoxinate 0.2% and 0.4%  Irritation directly proportional to amount of 
the anesthetic and concentration instilled.

 Confirmation that 0.4 % benoxinate was 
effective for tonometry, CLs fitting, probing 
and irrigation of lacrimal sac, removal of 
corneal FBs, gonioscopy, excision of 
chalazia, and suture removal.
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Reference Study Objective Study Description Study Drug Dose Study Findings

Polse et al. 
1978

To describe the dose 
response effects of 
corneal anesthetics

The changes in corneal sensitivity for 3 
concentrations each of proparacaine and 
of benoxinate were determined by 
monitoring changes in corneal sensitivity 
psychophysically, using a modified 
Cochet-Bonnet esthesiometer.  Doses 
required to produce sufficient anesthesia 
for GAT were also determined.
(N=7)

Benoxinate 0.1%, 0.2% and 
0.4% 
(only the amount of active 
ingredient was changed to 
achieve the required 
concentration)

 Threshold sensitivity 75 mg/mm2  before 
GAT could be performed.

 Tonometry can be performed with as little 
as 1 drop of 0.1% benoxinate.

 0.2% benoxinate provides sufficient GAT 
threshold anesthesia for long enough (2-4 
min) to be clinically useful.

 Duration of action of 0.4% benoxinate is ≥ 
45 min compared with approx. 33 min for 
0.2% benoxinate.  Thus, 0.4% benoxinate 
is appropriate for longer more involved 
procedures (i.e., gonioscopy, FB removal).

Jauregui et al. 
1980

To study the dose 
response effects of 
corneal anesthetics 
(benoxinate and 
proparacaine) for 
Goldmann 
applanation 
tonometry

Patients for routine eye examination 
were selected to have one drop of one of 
the six concentrations of anesthetic 
instilled prior to Goldmann applanation 
tonometry.

The examiner judged adequacy of the 
anesthesia, patient tolerance to the drop 
and induced conjunctival hyperemia.

Benoxinate 0.1%, 0.2% and 
0.4%; Proparacaine 0.125%, 
0.25%, 0.5%
(only the amount of active 
ingredient was changed to 
achieve the required 
concentration)

 70% of subjects achieved anesthesia 
satisfactory for GAT for all concentrations.

 0.1% benoxinate did not provide 
satisfactory anesthesia for 27% of patients

 0.2% benoxinate provided satisfactory 
anesthesia for GAT for patients over 40.

Reviewer’s Comment:
Benoxinate hydrochloride has been tested as a topical ophthalmic anesthetic for Goldmann applanation tonometry and 
general office use for ophthalmology at concentrations ranging from 0.1% to 0.5%.  The 0.4% concentration produced the 
best results for Goldmann applanation tonometry and other ophthalmic office procedures (i.e., gonioscopy, foreign body 
removal).
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5.2 Review Strategy

This is a 505(b)(2) application primarily based on literature reports provided by a 
literature review conducted by the applicant and by an additional literature review 
conducted by the Medical Officer.

The study objectives of many of the submitted literature references were different than 
those of interest in this application.  In this review, references are evaluated to 
determine if evidence of the proposed drug product’s effectiveness to provide adequate 
fluorescence and topical anesthesia in order that IOP measurement or other ophthalmic 
procedures could be performed was demonstrated.  

The evaluation of the drug product for the intended indication begins with the 
acknowledgement that it is self-evident that a topical anesthetic is required to perform 
any ophthalmic procedure on a conscious patient.  Thus, the literature reports submitted 
support the efficacy of fluorescein sodium and benoxinate hydrochloride (0.25%/0.4%) 
for the intended indication in that the following are present in each report: 

 Fluorescein sodium and benoxinate hydrochloride ophthalmic solution 
0.25%/0.4% was administered.

 Fluorescein sodium and benoxinate hydrochloride ophthalmic solution 
0.25%/0.4% allowed applanation tonometry or other short corneal or conjunctival 
procedures to be successfully performed.

 Fluorescein sodium was necessary and the concentration sufficient to perform 
Goldmann applanation tonometry and/or visualize the corneal epithelium 
successfully and accurately.

 Benoxinate sodium 0.4% provided adequate anesthesia to perform Goldmann 
applanation tonometry, or other short corneal or conjunctival procedures 
successfully and accurately. 

Six literature reports of controlled, prospective studies evaluating fluorescein sodium 
and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% in providing visualization 
and topical anesthesia form the primary basis of support for efficacy.  

An additional five literature reports of controlled, prospective studies evaluating 
fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% in 
providing adequate visualization and topical anesthesia in pediatric patients form the 
primary basis of support for efficacy in the pediatric population.  

Eighteen additional literature reports were submitted and provide supportive safety and 
efficacy information for fluorescein sodium and benoxinate hydrochloride ophthalmic 
solution 0.25%/0.4% for applanation tonometry and other procedures.
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In order to establish dose-response information for both drug products in the drug 
product, a literature search was performed by this reviewer.  Based on this search, the 
applicant was requested to submit additional literature reports during the review cycle.  
Refer to Section 5.1 for further details.

5.3 Discussion of Individual Studies/Clinical Trials

This is a 505(b)(2) application primarily based on literature. The key efficacy studies 
listed in Section 5.1.

Reference ID: 3936521

(b) (4)



Clinical Review
Rhea A. Lloyd, MD
NDA 208-582 

 (fluorescein sodium and benoxinate HCl ophthalmic solution) 0.25% /0.4%

27

6 Review of Efficacy
Efficacy Summary
This is a 505(b)(2) application primarily based on literature reports.

There is adequate support from the literature to support the following indications for 
fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4%:

For ophthalmic procedures requiring a disclosing agent in combination with an 
anesthetic agent

6.1 Indication

The indication is for use in ophthalmic procedures requiring a disclosing agent in 
combination with an anesthetic agent.

6.1.1 Methods

The support for efficacy for fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution 0.25% / 0.4% is provided in the following references:  Hales 1967, 
Quickert 1967, Bright 1981, Jose 1983 and Ng 2006.

6.1.2 Demographics

Hales 1967 Quickert 1967 Bright 1981 Jose 1983 Ng 2006

Number of 
Subjects

1381 50 100 14 67

Gender
male 644 NR NR NR 35
female 737 NR NR NR 32

Age 5-96 years

Age 
breakdown 
not provided

NR NR NR NR

The adequacy of fluorescein sodium and benoxinate hydrochloride ophthalmic solution 
0.25%/0.4% was assessed during the ophthalmic examination within minutes after drop 
instillation in that Goldmann applanation tonometry was able to be performed.
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6.1.3 Subject Disposition

The efficacy results are based on all enrolled subjects who received fluorescein sodium 
and benoxinate hydrochloride ophthalmic solution 0.25%/0.4%.

6.1.4 Analysis of Primary Endpoint(s)

For the purposes of this clinical review, the primary endpoint was the ability of 
fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% to 
provide adequate visualization and anesthesia to enable ophthalmic procedures to be 
performed.  

6.1.5 Analysis of Secondary Endpoints(s)

Not applicable.

6.1.6 Other Endpoints

Not applicable.

6.1.7 Subpopulations

The overall age range of patients from the key efficacy studies (Tables 5.1-1 and 5.1-2) 
was 0 – 96 years.  Neonates were evaluated for safety and efficacy.  

No clinically relevant differences were observed based on demographic characteristics 
(i.e., age, race, sex) in the submitted literature reports.

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations

Fluorescein sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% has 
been marketed since at least 1995.  The USP monograph for fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution 0.25%/0.4% drug product specification for 
assay, proposed an upper limit of %.  

Regarding fluorescein sodium ophthalmic solution, concentrations ranging from 0% to 
0.5% were tested in four different literature reports.  The 0.125% - 0.5% solutions were 
usable.

Regarding benoxinate hydrochloride ophthalmic solution, concentrations ranging from 
0.1% to 0.5% were tested in four different literature reports.  All concentrations provided 
adequate anesthesia for tonometry.  

Two references (Moses 1960 and Fenton 1965) tested a range of concentrations of 
fluorescein sodium and benoxinate hydrochloride ophthalmic solutions.  Concentrations 
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as low as 0.125% fluorescein sodium and 0.1% benoxinate hydrochloride were effective 
at providing adequate fluorescence/visualization and anesthesia.

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects

The effect of the fluorescein sodium as a disclosing agent occurs immediately upon 
instillation and lasts for 10 to 15 minutes.

The anesthetic effect of the benoxinate hydrochloride occurs within 60 – 90 seconds 
and lasts up to 45 minutes.

6.1.10 Additional Efficacy Issues/Analyses

None.
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7 Review of Safety
Safety Summary
The adverse event profile for fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution 0.25%/0.4% based on the published studies and postmarketing 
reporting of marketed, unapproved products suggest that the most common adverse 
events are bulbar conjunctival erythema, burning, coldness, corneal desquamation, 
corneal staining, discomfort, dizziness, dull ache, fainting, irritation, mild conjunctival 
infection and punctate keratitis.

7.1 Methods

No clinical trials were conducted by the Applicant to assess the safety of fluorescein 
sodium and benoxinate hydrochloride ophthalmic solution 0.25%/0.4% as a disclosing 
agent and topical anesthetic for ophthalmic procedures; therefore, the safety of the 
product is based on the published literature and postmarketing reports.

7.1.1 Studies/Clinical Trials Used to Evaluate Safety

A review of the submitted literature reveals that fluorescein sodium and benoxinate 
hydrochloride ophthalmic solution 0.25%/0.4% is safe for the proposed indication in 
adult and pediatric patients

7.1.2 Categorization of Adverse Events

The adverse event profile for fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution 0.25%/0.4% is based on the published literature and postmarketing 
reporting; therefore, the coding used to categorize adverse events is not available.

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence

The safety data available for review does not allow for a quantitative determination of 
the exact incidence of each type of adverse events.  Pooling of the safety results from 
the published reports and postmarketing is not appropriate.
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7.2 Adequacy of Safety Assessments

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of Target Populations

Fluorescein and Benoxinate Ophthalmic Solution (0.25%/0.4%) has been commercially available since the late 1960s and 
widely used in routine eye examinations and ophthalmic procedures which required a disclosing agent and topical 
anesthetic.  Due to the long history and frequent use of fluorescein and benoxinate ophthalmic solution (0.25%/0.4%), 
there has been adequate exposure for safety evaluation.

Given its episodic and short term use, there are no published trials which evaluated its long term continuous use.  
Exposure to fluorescein and benoxinate ophthalmic solution (0.25%/0.4%) ranged from one dose per study eye to eight 
doses per study eye in one day in the studies in Table 7.2.1-1.  In studies in which dosing of the product occurred at 
multiple visits, the number of visit days ranged from 2 to 7 days over a period of 2 days to 12 months.

The studies which did report of the safety and/or tolerability included six single-dose studies and a multiple dose study in 
which patients received six does per eye per day on Days 1, 8, and 15 for a total of 18 doses per eye during the 15 day 
study.
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Table 7.2.1-1 Key Studies which Reported on the Safety and/or Tolerability of Fluorescein and Benoxinate 
Ophthalmic Solution 0.25%/0.4% a

Fluorescein sodium and benoxinate HCl 
ophthalmic solution 0.25%/ 0.4% Comparator

Reference Treatment Arm

No. of 
Patients 
Enrolled/ 

Completed Adverse Events Tolerability Adverse Events Tolerability

Hales 1967 GAT with 
Fluorescein 0.25% 
- benoxinate 0.4% 
ophthalmic solution

1381 / 1381 No allergic rxns
No toxic rxns
No infections

Some patients 
(n=NR) experienced 
a burning sensation 
in eye after 
instillation.  
Discomfort was 
described as similar 
to that seen with 
proparacaine HCl 
and less than that 
seen with tetracaine 
HCl

N/A N/A

Quickert 
1967

GAT with 
Fluorescein 0.25% 
- benoxinate 0.4% 
ophthalmic solution

Comparator:  
Proparacaine 0.5% 
and fluorescein 
0.25% ophthalmic 
solution

50 / 50

50 / 50

NR Some patients 
reported mild to 
moderate stinging 
(n=17; 34.0%) or 
marked stinging 
(n=3; 6.0%) after 
instillation

NR Some patients 
reported mild to 
moderate stinging 
(n=13; 26.0%) or 
marked stinging 
(n=2; 4.0%) after 
instillation.

Katz et al. 
1976

GAT with 
Fluorescein 0.25% 
- benoxinate 0.4% 
ophthalmic solution

30 / 30 Some (n=NR) 
patients experienced 
bulbar conjunctiva 
erythema and/or 
punctate keratitis

NR N/A N/A
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Reference Treatment Arm

No. of 
Patients 
Enrolled/ 

Completed

Fluorescein sodium and benoxinate HCl 
ophthalmic solution 0.25%/ 0.4% Comparator

Adverse Events Tolerability Adverse Events Tolerability

Yolton et al. 
1980

Benoxinate 0.4% 
and 0.25% 
fluorescein 
ophthalmic solution

2323 
applications 
(patient 
number NR)

Benoxinate 0.4% and 
0.25% fluorescein 
ophthalmic solution 
had a side effect rate 
of 1.7 per 1000 
applications.  

AEs: 2 cases of mild 
conjunctival infxn 
(self-limited)

In 236 applications of 
benoxinate 0.4% and 
0.25% fluorescein 
ophthalmic soln. in 
pts age 0-20, there 
were 2 cases of mild 
conjunctival infxn 
(self-limited)

NR NR NR
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Reference Treatment Arm

No. of 
Patients 
Enrolled/ 

Completed

Fluorescein sodium and benoxinate HCl 
ophthalmic solution 0.25%/ 0.4% Comparator

Adverse Events Tolerability Adverse Events Tolerability

Appelbaum 
et al 1983

Benoxinate 0.4% 
and 0.25% 
fluorescein 
ophthalmic solution

5153 / 5153 Patients receiving 
benoxinate 0.4% and 
0.25% fluorescein 
ophthalmic solution 
experienced 5 AEs:
 IOP elevation that 

resolved in 30 min, 
 Stinging that 

resolved quickly, 
 Coldness/dizziness

/fainting that 
resolved in 10 min. 

 Burning/itching 
morning after tx 
resolved in 48 h.

 Dull ache, resolved 
in 24 h.

Of the 698 pts age 0-
20 who rec’d 
benoxinate 0.4% and 
fluorescein 0/25% 
only 1 experienced 
an AE.

NR NR NR
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Reference Treatment Arm

No. of 
Patients 
Enrolled/ 

Completed

Fluorescein sodium and benoxinate HCl 
ophthalmic solution 0.25%/ 0.4% Comparator

Adverse Events Tolerability Adverse Events Tolerability

Yeung et al. 
2000

Fluorescein 0.25% 
- benoxinate 0.4% 
ophthalmic solution

Comparator:  
Proparacaine 0.5% 
and fluorescein 
0.25% ophthalmic 
solution

30 / 30

30 / 30

Compared to eyes 
that rec’d benoxinate 
0.4% and 0.25% 
fluorescein 
ophthalmic solution, 
those that received 
proparacaine 0.5% 
and 0.25% 
fluorescein 
ophthalmic solution 
had clinically and 
statistically more 
severe types of 
corneal 
desquamation 
(p=0.04 at 3 min, 
p<0.001 at 5, 7, 10, 
15, and 20 min).

47% of pts reported 
more stinging in the 
eye that rec’d 
benoxinate 0.4% and 
0.25% fluorescein 
ophthalmic soln, 23% 
reported more 
stinging in the eye 
that rec’d 
proparacaine 0.5% 
and 0.25% 
fluorescein 
ophthalmic soln. and 
30% reported equal 
stinging in both eyes.

Ng et al. 
2006

Benoxinate 0.4% 
and 0.25% 
fluorescein 
ophthalmic soln.

Comparator:
Benoxinate 0.4% 
and  0.35% 
fluorexon disodium 

67 / 67 Corneal staining was 
present in some 
(n=11; 16.4%) 
patients following 
GAT according to 
physician survey 

Some pts.reported 
discomfort (n=20; 
29.9%), soreness or 
irritation (n=10; 
14.9%), and burning 
or stinging (n=17; 
25.4%) after 
instillation

Corneal staining was 
present in some 
(n=4; 6.0%) patients 
following GAT 
according to 
physician survey

Some patients 
reported discomfort 
(n=13; 19.4%), 
soreness or irritation 
(n=8; 11.9%), and 
burning or stinging 
(n=11; 16.4%) after 
instillation.

GAT = Goldmann applanation tonometry; NR = Not reported
a Taken from the studies listed in Section 5.1.
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7.2.2 Explorations for Dose Response

The currently marketed dose of fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution is 0.25% and 0.4%, respectively.  The recommended dosing is one 
to two drops topically in the eye as needed prior to the procedure.

7.2.3 Special Animal and/or In Vitro Testing

Special animal / in vitro testing has not been conducted for this product.

7.2.4 Routine Clinical Testing

Routine clinical testing has not been conducted for this product.

7.2.5 Metabolic, Clearance, and Interaction Workup

Metabolic, clearance, and interaction workups were not conducted for this product.

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

Not applicable.

7.3 Major Safety Results

7.3.1 Deaths

There were no deaths attributable to fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution (0.25%/0.4%) reported in the published literature reports.

7.3.2 Nonfatal Serious Adverse Events

There were no nonfatal serious adverse events attributable to fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) reported in the published 
literature.

7.3.3 Dropouts and/or Discontinuations

The effect of fluorescein sodium and benoxinate hydrochloride ophthalmic solution 
(0.25%/0.4%) was seen within seconds of instillation and coincident with the 
performance of ophthalmic procedures.  Therefore, all subjects in the studies were 
available for evaluation.
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7.3.4 Significant Adverse Events

There were no severe or significant adverse events reported in the published literature.

7.3.5 Submission Specific Primary Safety Concerns

There are no submission specific safety concerns.

7.4 Supportive Safety Results

7.4.1 Common Adverse Events

Reporting of adverse reactions attributable to the use of fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) was rare in clinical studies. 
The literature reports of the clinical studies which did report on these adverse reactions 
were described in Table 7.2.1-1 and were reviewed in depth.  

The adverse reactions reported in these studies with the use of fluorescein sodium and 
benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) were:  bulbar conjunctival 
erythema, burning, coldness, corneal desquamation, corneal staining, discomfort, 
dizziness, dull ache, fainting, irritation, mild conjunctival infection and punctate keratitis.

7.4.2 Laboratory Findings

There was no information on laboratory findings associated with the use of fluorescein 
sodium and benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) available.

7.4.3 Vital Signs

There was no information on vital signs associated with the use of fluorescein sodium 
and benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) available.

7.4.4 Electrocardiograms (ECGs)

There was no information on electrocardiograms associated with the use of fluorescein 
sodium and benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) available.

7.4.5 Special Safety Studies/Clinical Trials

No special safety studies/ clinical trials were conducted by the Applicant.
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7.4.6 Immunogenicity

Allergic reactions to topical fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution (0.25%/0.4%) have not been specifically reported in the literature.

7.5 Other Safety Explorations

No studies which evaluated the safety-related intrinsic or extrinsic factors, drug 
interactions, demographic factors, concomitant disease or concomitant medication use 
were available.

7.5.1 Dose Dependency for Adverse Events

Not applicable.  

7.5.2 Time Dependency for Adverse Events

Not applicable.  

7.5.3 Drug-Demographic Interactions

Not applicable.  

7.5.4 Drug-Disease Interactions

Not applicable.  

7.5.5 Drug-Drug Interactions

Not applicable.  

7.6 Additional Safety Evaluations

No additional safety evaluations which evaluated carcinogenicity, human reproduction 
and pregnancy, drug abuse potential, withdrawal or rebound effects were performed.

7.6.1 Human Carcinogenicity

Not applicable.  
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7.6.2 Human Reproduction and Pregnancy Data

Not applicable.  

7.6.3 Pediatrics and Assessment of Effects on Growth

Literature reports on the use of fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution (0.25%/0.4%) in the pediatric population of all age groups were 
submitted.  See Table 5.1-2.  Given the short term episodic use of the product, no long 
term studies of its effect on growth have been performed.

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound

Fluorescein sodium and benoxinate hydrochloride ophthalmic solution (0.25%/0.4%) is 
utilized in the clinical setting by a healthcare practitioner for short term use only.  When 
topical anesthetics are used outside of this setting with repeated instillations, cases of 
corneal ulceration, thinning and perforation, some requiring full thickness corneal 
transplantation has occurred.  

7.7 Additional Submissions / Safety Issues

The 120 Day Safety Update report has not been submitted to date.  Refer to the Cross 
Discipline Team Leader (CDTL) review for details.
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There was only one report of fluorescein or benoxinate in an interacting drug role:  an 
81 year old female from Japan received oral fluvastatin (primary suspect) for 
dyslipidemia, oral cetirizine (concomitant) HCl for allergic rhinitis, and intravenous 
fluorescein sodium and indocyanine (each interacting)

Table 8-3 Demographic and Characteristics Summary
Food and Drug Administration Adverse Event Reporting System (FAERS) 

database between July 1, 2004 and June 30, 2014
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Table 8-3 (continued)

Reviewer’s Comment:
Of the adverse event reports received during this reporting period, the route of 
administration was ‘unknown/not reported’ for approximately 60% of all the reports, and 
60% of the reports for the combination (fluorescein and benoxinate).
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Table 8-4 Overall, All Reports a
Food and Drug Administration Adverse Event Reporting System (FAERS) 

database between July 1, 2004 and June 30, 2014

Adverse Event Term

MedDRA Preferred Term MedDRA 
System Organ Class n (%) b

Corneal disorder Eye 12 (3.9%)
Nausea Gastrointestinal 9 (2.9%)
Dizziness Nervous system 9 (2.9%)
Eye pain Eye 7 (2.3%)
Vomiting Gastrointestinal 7 (2.3%)
Syncope Nervous 7 (2.3%)
Drug hypersensitivity Immune system 6 (1.9%)
Headache Nervous system 5 (1.6%)
Eyelid edema Eye 5 (1.6%)
Visual acuity reduced Eye 4 (1.3%)
Chest pain General 4 (1.3%)

Post procedural complication Injury, poisoning, procedural 
complications 3 (1.0%)

Overdose Injury, poisoning, procedural 
complications 3 (1.0%)

Ocular hyperemia Eye 3 (1.0%)
Vision blurred Eye 3 (1.0%)
Product quality issue General 3 (1.0%)
Eye irritation Eye 3 (1.0%)
Anaphylactic reaction Immune system 3 (1.0%)
Erythema Skin and subcutaneous 3 (1.0%)
Blood pressure decreased Investigations 3 (1.0%)
Visual impairment Eye 3 (1.0%)
Cardiac arrest Cardiology 3 (1.0%)
Toxic skin eruption Skin 3 (1.0%)
Pruritus Skin 3 (1.0%)
Rash Skin 3 (1.0%)
Urticaria Skin 3 (1.0%)
Fatigue General 3 (1.0%)
Feeling abnormal General 3 (1.0%)
Hyperhidrosis Skin 3 (1.0%)
Hypersensitivity Immune System 3 (1.0%)
a MedDRA SOC and most frequently reported preferred term adverse event terms for total fluorescein or 
benoxinate reports.
b All percents calculated based on the total number of AE terms for each group.

Reviewer’s Comment:
The ocular adverse events reported at ≥ 1% were blurred vision, corneal disorder, eye 
irritation, eye pain, eyelid edema, ocular hyperemia, reduced visual acuity and visual 
impairment.
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The systemic adverse events reported at ≥ 1% were nausea, dizziness, vomiting, 
syncope, drug hypersensitivity, headache and chest pain. However, it is likely that a 
number of the reports are associated with IV fluorescein dosing.
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Table 8-5 Seriousness-stratified, All Reports a
Food and Drug Administration Adverse Event Reporting System (FAERS) database 

July 1, 2004 and June 30, 2014

Adverse Event Term
Deaths

 (5 reports)
25 AE terms

Other Serious 
Outcomes (72 reports)

250 AE terms

Non-Serious 
(12 reports)
35 AE terms

MedDRA Preferred 
Term

MedDRA
System Organ Class n (%) b n (%) b n (%) b

Corneal disorder Eye 0 12 (4.8%) 0
Nausea Gastrointestinal 0 7 (2.8%) 2 (5.7%)
Dizziness Nervous system 0 6 (2.4%) 3 (8.6%)
Eye pain Eye 0 6 (2.4%) 1 (2.9%)
Vomiting Gastrointestinal 0 6 (2.4%) 1 (2.9%)
Syncope Nervous 0 5 (2.0%) 2 (5.7%)
Drug hypersensitivity Immune system 0 4 (1.6%) 2 (5.7%)
Headache Nervous system 0 5 (2.0%) 0
Eyelid edema Eye 0 4 (1.6%) 1 (2.9%)
Visual acuity reduced Eye 0 4 (1.6%) 0
Chest pain General 0 4 (1.6%) 0
Post procedural 
complication 

Injury, poisoning, procedural 
complications 0 3 (1.2%) 0

Overdose Injury, poisoning, procedural 
complications 2 (8.0%) 1 (0.4%) 0

Ocular hyperemia Eye 0 2 (0.8%) 1 (2.9%)
Vision blurred Eye 0 3 (1.2%) 0
Product quality issue General 0 3 (1.2%) 0
Eye irritation Eye 0 3 (1.2%) 0
Anaphylactic reaction Immune system 0 2 (0.8%) 1 (2.9%)
Erythema Skin and subcutaneous 0 3 (1.2%) 0
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Adverse Event Term
Deaths

 (5 reports)
25 AE terms

Other Serious 
Outcomes (72 reports)

250 AE terms

Non-Serious 
(12 reports)
35 AE terms

MedDRA Preferred 
Term

MedDRA
System Organ Class n (%) b n (%) b n (%) b

Blood pressure 
decreased Investigations 1 (4.0%) 2 (0.8%) 0

Visual impairment Eye 0 3 (1.2%) 0
Cardiac arrest Cardiology 2 (8.0%) 1 (0.4%) 0
Toxic skin eruption Skin 0 3 (1.2%) 0
Pruritus Skin 0 2 (0.8%) 1 (2.9%)
Rash Skin 0 3 (1.2%) 0
Urticaria Skin 0 1 (0.4%) 2 (5.7%)
Fatigue General 0 2 (0.8%) 1 (2.9%)
Feeling abnormal General 0 2 (0.8%) 1 (2.9%)
Hyperhidrosis Skin 0 3 (1.2%) 0
Hypersensitivity Immune System 0 1 (0.4%) 2 (5.7%)
a MedDRA SOC and most frequently reported preferred term adverse event terms for total fluorescein or benoxinate reports.
b All percents calculated based on the total number of AE terms for each group.

Reviewer Comments:
There were five reports which resulted in death.  The Med Watch reports for these deaths were obtained from the Office 
of Surveillance and Epidemiology and reviewed.  Below are brief summaries of the MedWatch reports:

 63 yo male with a history of poorly controlled diabetes and diabetic retinopathy received IV fluorescein prior to an 
[ophthalmologic] examination. Approximately 2 minutes into the procedure, he complained of not feeling well and 
quickly deteriorated.  EMS arrived and began CPR. Patient dead on arrival to the hospital. The source of the 
report was a nurse.

 79 yo patient (sex unknown) received phenylephrine and fluorescein (strengths and routes of administration 
unknown). The patient died of an adverse drug reaction (not otherwise specified) and died.  This source of this 
report was literature. The source of the report was a pharmacist from the American Association of Poison Control.
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 92 yo female received IV fluorescein during an initial examination for macular degeneration.  The following day she 
was admitted to the hospital in renal failure.  The patient died approximately 1 week later.  Medical evaluation of 
the patient revealed acute on chronic renal failure with multiple other medical problems.  Report states that though 
IV fluorescein administration was temporally related, it was not likely causal in the patient’s decline.  The patient’s 
ophthalmologist was the source of the report.

 4 yo female with bilateral congenital glaucoma and heart murmur underwent an examination under general 
anesthesia.  During the examination, she received topical fluorescein sodium, phenylephrine 10%.after which she 
experienced cardiac arrest, acute pulmonary edema and death.  The autopsy report revealed supraventricular 
aortic stenosis with [left] ventricular thickening possibly related to a genetic abnormality monitored in her family 
(William’s Syndrome).  The French Health Authority was the source of the report.

 12 yo male with congenital palsy and S/P adenoid removal surgery received cyclopentolate 1%, proparacaine 
0.5%, and “fluoron” drops during an eye examination.  He received the “fluoron” drops several times prior to his 
IOP check.  The following day, he complained of blurred vision and dilated eyes.  At noon, he died of sudden 
cardiac arrest. The source of the report was the patient’s mother.

Thus, two of the reports involved the IV route of administration and other medical history which may explain the deaths.  
The aortic stenosis and LVH in the death of the 4 yo female make fluorescein sodium an unlikely cause of death.  The 12 
yo male also received cyclopentolate which is known to rarely cause CNS and some cardiovascular adverse reactions 
including death in pediatric patients.  Lastly, the report of the 63 yo does not have sufficient information to draw any 
conclusions.

There were 72 reports which were considered serious.  The adverse reactions within the ‘Eye disorders’ SOC which 
occurred in ≥ 1% considered serious were corneal disorder, eye pain, eyelid edema, reduced visual acuity, ocular 
hyperemia, blurred vision and eye irritation and visual impairment.  

Systemic serious adverse events which occurred in ≥ 1% were hyperhidrosis, rash, toxic skin eruption, erythema, product 
quality issue, post-procedural complication, chest pain, headache, drug hypersensitivity, syncope, vomiting, dizziness and 
nausea. 

The non-serious adverse events which were reported in >1% were dizziness, drug hypersensitivity, hypersensitivity, 
nausea, syncope, urticaria, eye pain, eyelid edema, vomiting, ocular hyperemia, anaphylactic reaction, pruritus, fatigue 
and feeling abnormal.
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Table 8-6 Age-stratified, All Reports a
Food and Drug Administration Adverse Event Reporting System (FAERS) database 

July 1, 2004 and June 30, 2014

Adverse Event Term
Young Children: 

2 to <12 years
(2 reports)

Adolescents:
12 to <18 years

(3 reports)

Adults:
18 to <65 years

(29 reports)
Elderly:

≥ 65 years
MedDRA 
Preferred 

Term

MedDRA
System Organ 

Class n (%) b n (%) b n (%) b n (%) b
Corneal 
disorder Eye 0 0 1 (0.9%) 2 (2.4%)

Nausea Gastrointestinal 0 1 (7.1%) 6 (5.5%) 1 (1.2%)

Dizziness Nervous 
system 0 1 (7.1%) 4 (3.6%) 1 (1.2%)

Eye pain Eye 0 0 3 (2.7%) 2 (2.4%)

Vomiting Gastrointestinal 0 0 4 (3.6%) 2 (2.4%)

Syncope Nervous 0 0 1 (0.9%) 5 (5.9%)
Drug 
hypersensitivity

Immune 
system 0 0 2 (1.8%) 4 (4.7%)

Headache Nervous 
system 0 1 (7.1%) 3 (2.7%) 1 (1.2%)

Eyelid edema Eye 0 0 0 2 (2.4%)
Visual acuity 
reduced Eye 0 0 1 (0.9%) 2 (2.4%)

Chest pain General 0 0 2 (1.8%) 2 (2.4%)

Post procedural 
complication 

Injury, 
poisoning, 
procedural 
complications

0 0 2 (1.8%) 1 (1.2%)
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Adverse Event Term
Young Children: 

2 to <12 years
(2 reports)

Adolescents:
12 to <18 years

(3 reports)

Adults:
18 to <65 years

(29 reports)
Elderly:

≥ 65 years
MedDRA 
Preferred 

Term

MedDRA
System Organ 

Class n (%) b n (%) b n (%) b n (%) b

Overdose

Injury, 
poisoning, 
procedural 
complications

0 1 (7.1%) 1 (0.9%) 1 (1.2%)

Ocular 
hyperemia Eye 0 0 1 (0.9%) 1 (1.2%)

Vision blurred Eye 0 0 2 (1.8%) 0
Product quality 
issue General 0 0 2 (1.8%) 0

Eye irritation Eye 0 0 1 (0.9%) 0
Anaphylactic 
reaction

Immune 
system 1 (7.7%) 0 1 (0.9%) 0

Erythema Skin and 
subcutaneous 0 0 0 2 (2.4%)

Blood pressure 
decreased Investigations 1 (7.7%) 1 (7.1%) 1 (0.9%) 0

Visual 
impairment Eye 0 0 0 2 (2.4%)

Cardiac arrest Cardiology 1 (7.7%) 1 (7.1%) 1 (0.9%) 0
Toxic skin 
eruption Skin 0 0 0 2 (2.4%)

Pruritus Skin 0 0 0 1 (1.2%)
Rash Skin 0 0 1 (0.9%) 0
Urticaria Skin 0 0 1 (0.9%) 1 (1.2%)
Fatigue General 0 0 2 (1.8%) 1 (1.2%)
Feeling 
abnormal General 0 0 2 (1.8%) 0

Hyperhidrosis Skin 0 0 2 (1.8%) 0
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Adverse Event Term
Young Children: 

2 to <12 years
(2 reports)

Adolescents:
12 to <18 years

(3 reports)

Adults:
18 to <65 years

(29 reports)
Elderly:

≥ 65 years
MedDRA 
Preferred 

Term

MedDRA
System Organ 

Class n (%) b n (%) b n (%) b n (%) b

Hypersensitivity Immune 
System 0 0 0 1 (1.2%)

a MedDRA SOC and most frequently reported preferred term adverse event terms for total fluorescein or benoxinate reports.
b All percents calculated based on the total number of AE terms for each group.

Reviewer Comments:
Though there were fewer reports for younger age groups, there was no difference in the adverse event profile across the 
different age groups.  
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9 Appendices

9.1 Literature Review/References

An additional literature review was performed during the review cycle to establish the 
selected concentrations of fluorescein sodium and benoxinate hydrochloride and to 
establish a range of effective concentrations of each (Tables 5.1-4 and 5.1-5).  The 
results of this review were shared with the applicant who submitted the references in the 
May xx, 2016 amendment.

9.2 Advisory Committee Meeting 

The application did not raise any issues which were thought to benefit from a discussion 
at an Advisory Committee meeting.

9.3 Labeling Recommendations

Following is the applicant’s proposed labeling submitted in the April 30, 2014, 
submission.  

The reviewer’s additions are noted in underline and deletions by.
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NDA/BLA Number: 

208852

Applicant: 

Altaire Pharmaceuticals

Stamp Date: 

December 22, 2015

Drug Name: 
 (fluorescein sodium and 

benoxinate HCl ophthalmic solution) 
0.25%/0.4%

NDA/BLA Type:

505(b)(2)

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes No NA Comment
FORMAT/ORGANIZATION/LEGIBILITY
1. Identify the general format that has been used for this 

application, e.g. electronic common technical document 
(eCTD).

Electronic CTD

2. Is the clinical section legible and organized in a manner to 
allow substantive review to begin?

X

3. Is the clinical section indexed (using a table of contents) 
and paginated in a manner to allow substantive review to 
begin? 

X

4. For an electronic submission, is it possible to navigate the 
application in order to allow a substantive review to begin 
(e.g., are the bookmarks adequate)?

X

5. Are all documents submitted in English or are English 
translations provided when necessary?

X

LABELING
6. Has the applicant submitted a draft prescribing information 

that appears to be consistent with the Physician Labeling 
Rule (PLR) regulations and guidances (see 
http://www.fda.gov/Drugs/GuidanceComplianceRegulatory
Information/LawsActsandRules/ucm084159.htm

X

SUMMARIES
7. Has the applicant submitted all the required discipline 

summaries (i.e., Module 2 summaries)?
X

8. Has the applicant submitted the integrated summary of 
safety (ISS)?

X

9. Has the applicant submitted the integrated summary of 
efficacy (ISE)?

X

10. Has the applicant submitted a benefit-risk analysis for the 
product?

X

11. Indicate if the Application is a 505(b)(1) or a 505(b)(2).  505(b)(2)
505(b)(2) Applications
12. If appropriate, what is the relied upon listed drug(s)? Benoxinate HCl 

Ophthalmic Solution, 
0.4% (ANDA 84149) 
– Sola Barnes Hind

Fluorescein sodium 
Intravenous Injection, 
25% (NDA 17-869) - 
Novartis
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Content Parameter Yes No NA Comment
13. Did the applicant provide a scientific bridge demonstrating 

the relationship between the proposed product and the listed 
drug(s)/published literature?

X The applicant 
currently manufactures 
the drug products in 
the supportive 
literature studies (i.e., 
Fluress) as a 
“unapproved drug”.

14. Describe the scientific bridge (e.g., BA/BE studies) X See 13 above.
DOSAGE
15. If needed, has the applicant made an appropriate attempt to 

determine the correct dosage regimen for this product (e.g., 
appropriately designed dose-ranging studies)?
Study Number:
Study Title:
Sample Size:                                       
Treatment Arms:
Location in submission:

X

EFFICACY
16. Do there appear to be the requisite number of adequate and 

well-controlled studies in the application?

Pivotal Study #1 – Bright et al. 1991 – Goldmann 
Applanation Tonometry without Fluorescein
                                                        
Pivotal Study #2 – Hales 1967 – Combined 
Solution of Fluorescein and Anesthetic for 
Applanation Tonometry

Pivotal Study #3 – Jose et al. 1983 – Lack of 
Effects of Anesthetic on Measurement of 
Intraocular Pressure by Goldmann Tonometry

Pivotal Study #4 – Ng et al. 2006 – Validity of 
Fluorexon Disodium Versus Sodium Fluorescein 
for Use in Goldmann Tonometry

Pivotal Study #5 – Quickert 1967 – A 
Fluorescein-Anesthetic Solution for Applanation 
Tonometry

X

17. Do all pivotal efficacy studies appear to be adequate and 
well-controlled within current divisional policies (or to the 
extent agreed to previously with the applicant by the 
Division) for approvability of this product based on 
proposed draft labeling?

X

18. Do the endpoints in the pivotal studies conform to previous 
Agency commitments/agreements?  Indicate if there were 
not previous Agency agreements regarding 
primary/secondary endpoints.

X

19. Has the application submitted a rationale for assuming the 
applicability of foreign data to U.S. population/practice of 
medicine in the submission?

X

SAFETY
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Content Parameter Yes No NA Comment
20. Has the applicant presented the safety data in a manner 

consistent with Center guidelines and/or in a manner 
previously requested by the Division?

X

21. Has the applicant submitted adequate information to assess 
the arrhythmogenic potential of the product (e.g., QT 
interval studies, if needed)?

X

22. Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product?

X

23. For chronically administered drugs, have an adequate 
number of patients (based on ICH guidelines for exposure1) 
been exposed at the dosage (or dosage range) believed to be 
efficacious?

X

24. For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 
exposed as requested by the Division?

X

25. Has the applicant submitted the coding dictionary2 used for 
mapping investigator verbatim terms to preferred terms?

X

26. Has the applicant adequately evaluated the safety issues that 
are known to occur with the drugs in the class to which the 
new drug belongs?

X

27. Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)?

X

OTHER STUDIES
28. Has the applicant submitted all special studies/data 

requested by the Division during pre-submission 
discussions?

X

29. For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)?

X

PEDIATRIC USE
30. Has the applicant submitted the pediatric assessment, or 

provided documentation for a waiver and/or deferral?
X

PREGNANCY, LACTATION, AND FEMALES AND 
MALES OF REPRODUCTIVE POTENTIAL USE

1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose 
range believed to be efficacious.
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to 
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted 
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions 
(verbatim -> preferred and preferred -> verbatim).
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31. For applications with labeling required to be in Pregnancy 

and Lactation Labeling Rule (PLLR) format, has the 
applicant submitted a review of the available information 
regarding use in pregnant, lactating women, and females 
and males of reproductive potential (e.g., published 
literature, pharmacovigilance database, pregnancy registry) 
in Module 1 (see 
http://www.fda.gov/Drugs/DevelopmentApprovalProcess/D
evelopmentResources/Labeling/ucm093307 htm)?

X

ABUSE LIABILITY
32. If relevant, has the applicant submitted information to 

assess the abuse liability of the product?
X

FOREIGN STUDIES
33. Has the applicant submitted a rationale for assuming the 

applicability of foreign data in the submission to the U.S. 
population?

X

DATASETS
34. Has the applicant submitted datasets in a format to allow 

reasonable review of the patient data? 
X

35. Has the applicant submitted datasets in the format agreed to 
previously by the Division?

X

36. Are all datasets for pivotal efficacy studies available and 
complete for all indications requested?

X

37. Are all datasets to support the critical safety analyses 
available and complete?

X

38. For the major derived or composite endpoints, are all of the 
raw data needed to derive these endpoints included? 

X

CASE REPORT FORMS
39. Has the applicant submitted all required Case Report Forms 

in a legible format (deaths, serious adverse events, and 
adverse dropouts)?

X

40. Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division?

X

FINANCIAL DISCLOSURE
41. Has the applicant submitted the required Financial 

Disclosure information?
X

GOOD CLINICAL PRACTICE
42. Is there a statement of Good Clinical Practice; that all 

clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures?

X

IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? ___Yes_____

If the Application is not fileable from the clinical perspective, state the reasons and provide 
comments to be sent to the Applicant.

Not applicable.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

There are no potential review issues for the 60/74-day letter.
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