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NDA 208582 for Altafluor Benox (fluorescein sodium and benoxinate hydrochloride 
ophthalmic solution) 0.25%/0.4% by Altaire was  issued a Complete Response letter on June 
22, 2016, because there were CMC deficiencies in the  DMF  for the 
fluorescein sodium drug substance and Compliance had issued an overall recommendation of 
“withhold” following the GMP inspection of the  manufacturing facility. The 
following deficiencies were included in the action 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 21 CFR 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 referenced 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 be adequately addressed before this application can be approved or 
an alternative drug substance source must be provided in the application. If you intend 
to continue to reference DMF  as part of your response to this letter, include the 
date the DMF holder amended their DMF to address the deficiencies. 

The action letter acknowledged the amendment of June 13, 2016, in response to FDA’s 
Information Request dated March 16, 2016 on the in-use stability of the product after the 
bottle is opened to support the storage statement in the labeling, and volatile impurities for the 
extractable/leachable study. These amendments were reviewed in the current review cycle.

Other review disciplines recommended approval and revised product labeling was sent to the 
applicant in the first cycle.

In the current review cycle, the proposed levels (NMT % for  
 were deemed qualified by the pharm/tox reviewer Dr. Maria Rivera (email 

communication to Chunchun Zhang dated 11/9/2017). In addition, there has been clinical 
marketing of the unapproved product since 2005, without a change in the adverse event 
profile. The DMF was found to be adequate. The Office of Process and Facilities issued an 
overall acceptable recommendation for all the facilities on 11/20/2017.

Labeling has been finalized and this combination product is ready for approval. It is indicated 
for ophthalmic procedures requiring a disclosing agent in combination with a topical 
ophthalmic anesthetic agent.
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lack of adverse findings in vivo. The Pharmacology/Toxicology reviewer concluded there is 
minimal safety concern, given the in vivo test results and that it is not expected that the drug 
product solution will be in contact with the rubber bulb to any significant extent.

The Pharmacology/Toxicology review recommends approval, and proposed labeling revisions 
to Sections 8 and 13 that have been incorporated.

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 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 tear fluid 
overlying 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 tearfilm. 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.  The combination of fluorescein in the tear 
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film and the cobalt blue filter allows the semicircles to be visualized.  The anesthetic properties 
of the benoxinate allow the tonometer to be placed in near proximity to the cornea without a 
resultant blink reflex by the patient.

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.

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:  Altafluor, 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 
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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 
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 corneas. Fluorox caused superficial micropunctate keratitis in about 16-30% of the 
corneas. At 20 minutes essentially all eyes had some degree of corneal desquamation. 

B. Qualitatively similar (active and inactive)

(3) Hales (1967) reports on a product 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.  

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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C. Quantitatively same active ingredients

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. The ocular and systemic effects in animals (rabbit, mouse, rat, 
guinea pig) was studied 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 
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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 consistent anesthesia and 0.4% is considered the “most suitable concentration 
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.  
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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 
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.
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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 
(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.

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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 warnings about corneal toxicity and corneal injury due to 
insensitivity, will be included in labeling. The clinical reviewers recommend approval.

9.         Advisory Committee Meeting  
This application did not raise new scientific issues that needed input from the Advisory 
Committee.

10. Pediatrics
The safety and effectiveness of  have been established for pediatric patients.  Use of 
Altafluor Benox is supported by evidence from adequate and well controlled studies.  The 
application included studies that included pediatric patients from birth to 17 years in age. 

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

a. 505(b)(2) application relies on published literature for nonclinical and clinical data.  It 
was cleared for action by the 505(b)(2) committee on October 27, 2017 via email with 
the following language:
The applicant relies on non-product-specific literature for the approval of its proposed 
product.  The proposed product is a solution and contains fluorescein sodium and 
benoxinate hydrochloride to measure intraocular pressure. Many of the studies cited in 
the literature used ophthalmic solutions with the same active ingredients in the same 
concentration. We would not expect any difference in excipients to affect the safe and 
effective use of the product.

b. OSI Inspection was not applicable for this literature-based 505(b)(2) application.

c. Financial Disclosure none, literature-based 505(b)(2) application.

12. Labeling

The INDICATIONS AND USAGE section in HIGHLIGHTS OF PRESCRIBING 
INFORMATION.
Altafluor Benox is a combination product that contains flurorescein, a disclosing agent, and 
benoxinate hydrochloride, an ester local anesthethic, for use in ophthalmic procedures 
requiring a disclosing agent in combination with a topical ophthalmic anesthetic.
Link to established pharmaceutical class text page:
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http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/LawsActsa
ndRules/UCM428333.pdf
The Division’s proposed labeling has been shared with the applicant, and reviews have been 
received from OPDP and DMEPA. Labeling revisions have been incorporated and labeling is  
finalized.

Trade Name
DMEPA concluded that the proposed proprietary name,  was granted in a letter to the 
applicant dated 4/21/2016, however, on re-review it was determined that the name should 
include both components, the Altafluor Benox was found acceptable and a letter issued to the 
applicant on 12/12/2017.

13. Postmarketing

 Postmarketing Risk Evaluation and Mitigation Strategies
Not applicable

 Other Postmarketing Requirements and Commitments
Not applicable
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