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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 Regimen: Instill 1 to 2 drops topically in the eye as needed
Age Groups: All age groups 
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Benefit-Risk Assessment Framework

Benefit-Risk Integrated Assessment

Altafluor Benox (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. 

The literature studies contained in this submission support the safety and 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 (more commonly 15-20 
minutes) (Polse et al. 1978).

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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Benefit-Risk Dimensions

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Some minor ophthalmic procedures require the use of a topical 
anesthetic and a disclosing agent (i.e., applanation tonometry, 
evaluation of conjunctival or corneal foreign bodies). 

Fluorescein sodium is a dye which stains layers 
of the cornea below the epithelium, but does 
not stain the epithelium.  Fluorescein sodium is 
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. 

Current 
Treatment 

Options

 Although not approved, fluorescein sodium  is widely used topically 
for the examination of corneal epithelial integrity.  There are no 
approved new drug applications for topical use of fluorescein sodium.

 Benoxinate hydrochloride is a topical anesthetic. Benoxinate 
hydrochloride ophthalmic solution, 0.4%, was originally permitted in 
1953 as Dorsacaine under NDA 08-729. Proparacaine and lidocaine 
hydrochloride are approved as topical anesthetics for ocular procedures 
but are not available in a fixed combination with a disclosing agent.

There are no fluorescein sodium 
approved new drug applications for 
topical use.

There are no topical anesthetics for 
ocular procedures available in a fixed 
combination with a disclosing agent.

Benefit

 The literature studies contained in this submission support the safety 
and 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.

This combination is safe and effective for use 
in corneal and conjunctival eye procedures.

Risk and Risk 
Management 

 No risk management activities are recommended beyond the routine 
monitoring and reporting of all adverse events.  There are no 
recommended Postmarketing Requirements or Phase 4 Commitments.

Routine monitoring and reporting of all adverse 
events are adequate.
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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.

6. Clinical Microbiology 

Not applicable.  This product is not an anti-infective. 

7. Clinical/Statistical- Efficacy

See the Medical Officer Review #2 in DARRTS dated 10/12/2017.

From the original Medical Officer Review in DARRTS dated 5/25/2016:

No new 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.
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 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: 4194509
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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

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 years)

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

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

Akorn, Inc.a

None

Qureshi 1997 Assess association 
between gender and 
IOP in subjects of 
different age groups

Cross-sectional study

Rawalpindi Medical College, 
Rawalpindi, Pakistan

N= 7965 (15390 
eyes) healthy 
subjects underwent 
assessment of IOP

M/F:  5307/2388
Age ≥ 11 years
Adult/Ped: 6152/
1543 (age 11-20)

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

Manufacturer not 
specified b

Safety and tolerability 
not reported.

Bradfield et al. 
2012

Assess agreement of 
IOP measured with 
Tono-Pen and GAT in 
normal children/ 
adolescents

Randomized, masked study

Dept. of Ophthal and Visual 
Sciences, Univ. of WI, 
Madison

N= 439 (878 eyes) 
children/ 
adolescents (age 0-
<18) underwent IOP

“fluorescein combined 
with a topical 
anesthetic”

No manufacturer 
information

None

Reference ID: 4194509
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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.  

8. Safety

See the Medical Officer Review #2 in DARRTS dated 10/12/2017.

From the original Medical Officer Review in DARRTS dated 5/25/2016:

No new 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 
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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, 2016.  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.

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.

DIVISION OF MEDICATION ERROR PREVENTION AND ANALYSIS (DMEPA)
In the original 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. 

In this review cycle, the Division of Medication Error Prevention and Analysis (DMEPA) 
finalized another review of the proposed proprietary name, and denied conditional 
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acceptance on 9/22/2017. They found the proposed name,  is misleading pursuant to 
21 CFR 201.6(b) which states:

The labeling of a drug which contains two or more ingredients may be misleading by
reason,among other reasons, of the designation of such drug in such labeling by a 
name which includes or suggests the name of one or more but not all such ingredients, 
even though the names of all such ingredients are stated elsewhere in the labeling.

DMEPA) finalized a review of the proposed proprietary name, Altafluor Benox, on 12/8/2017, 
and found the name conditionally acceptable.  A letter was issued by DMEPA on 12/12/17. 

DMEPA completed a second labeling review on 10/6/2017. 

OFFICE OF PRESCRIPTION DRUG PROMOTION (OPDP)
The Office of Prescription Drug Promotion (OPDP) completed a formal review of the package 
insert and labeling on 6/13/16.  They completed a second review on 12/12/17.  

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. 

OFFICE OF SCIENTIFIC INVESTIGATIONS (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 
NDA 208582 Altafluor Benox (fluorescein sodium and benoxinate hydrochloride ophthalmic 
solution) 0.25%/0.4%, is recommended for approval with the attached labeling submitted 
December 8 (carton and container) and December 12 (package insert), 2017, as combination 
disclosing agent and local ester anesthetic indicated for procedures requiring a disclosing agent 
in combination with a topical ophthalmic anesthetic. 

13. Postmarketing Recommendations
There are no risk management activities recommended beyond the routine monitoring and 
reporting of all adverse events. There are no recommended Postmarketing Requirements or 
Phase 4 Commitments.
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