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Abstract
For topical corticosteroid ophthalmic suspensions
indicated for patients undergoing cataract surgery, FDA
recommends a pharmacokinetic (PK) study conducted in
aqueous humor to demonstrate its bioequivalence (BE)
when compared to its reference listed drug (RLD). The
aqueous humor PK study design is either a pseudo
crossover or parallel, single dose, sparse sampling in
patients undergoing cataract surgery. However, the impact
of patient specific covariates on the aqueous humor
bioavailability (BA) is not well understood. To identify and
minimize possible patient specific covariate effects, such
as age, race, and gender on the aqueous humor PK, and to
better evaluate the formulation effect on aqueous humor
PK endpoint studies, the aqueous humor PK studies
submitted to FDA for corticosteroid ophthalmic
suspensions were evaluated. Seven BE studies containing
aqueous humor PK data submitted in New Drug
Applications (NDAs) and Abbreviated New Drug
Applications (ANDAs) for two corticosteroid ophthalmic
suspension products were evaluated with a total of 3238
aqueous humor PK samples. There were five studies for
drug I, and two studies for drug II. In the two age groups,
race and gender were evaluated separately to identify
patient specific covariate effects on the aqueous humor PK
and elevated intraocular pressure (IOP) that may be caused
by aqueous humor PK fluctuations. BA was higher in the
older patients than it was in the younger patients.
Additionally, higher aqueous humor PK fluctuations
observed in the group of older patients may cause elevated
IOP, as compared to the group with younger patients. The
results of evaluating the impact of race on aqueous humor
PK showed that BA was higher in Caucasians than that in
African Americans. No significant gender related effect on
aqueous humor PK was observed in this analysis. Possible
patient specific covariate effects on the aqueous humor PK
of corticosteroid ophthalmic suspensions and elevated IOP
were observed. To minimize the possible patient specific
covariate effects on BE studies, a pseudo crossover
design, for example, dosing and sampling from both eyes
of each patient for test and reference products,
respectively, may be favorable to identify the formulation
differences, as compared to the parallel design. Further
investigation on the impact of patient specific covariates is
desirable.

Methods

Results and Discussion

BE studies containing aqueous humor PK data submitted in
NDAs and ANDAs for two topical ophthalmic corticosteroid
suspension products were evaluated with a total of 3238
aqueous humor PK samples. For drug 1, the formulations of
the drug products used in the all five studies for drug I are
considered qualitatively (Q1) and quantitatively (Q2) the
same. Studies 1, 2 and 3 include one product, and Studies 4
and 5 include two products in each study. Drug II was
utilized for validation studies to verify the trends observed in
Drug I.
Figure 1(A) Study Design
Pseudo Crossover Study Design
Patients undergoing bilateral cataract surgery are randomly
assigned to one of two treatment sequences. Each patient
contributes two measurements (one right eye & one left eye),
a pair of same-time point aqueous humor drug
concentrations. The wash-out period for the crossover study
should not exceed 35 days.

Figure 2. Comparing aqueous humor (AH) concentration distributions of Drug 1 in
younger and older groups at each sampling time point. Younger group: ≤ 50 years old
(n=365) and Older group: > 50 years old (n=2314).

Randomization

Figure 6. Logistic regression showing the percentage of IOP increased ≥ 5 mmHg following
administration of ophthalmic topical corticosteroid across patient’s age.

Wash Out
Period

Disclaimer: The information in these materials is not a formal dissemination
of information by the FDA and does not represent agency position policy.

Age
Subject
Mean
Characteristics
(Range)

Parallel Study Design
Each patient is randomly assigned to one of two treatments
and contributes one measurement.

Pooled Data

Parallel

62.1
(20–91)

Male

Native
Female American
(%)

43.80% 56.20%

8
(0.3)

Asian
(%)
1115
(40.3)

African
Caucasian
American
(%)
(%)
96
(3.5)

1533
(55.3)

Other
(%)
18
(0.6)

Table 1. Patient demographics in the pooled data of Drug 1.

Randomization

Figure 3. Comparing AH concentration distributions of Drug 1 in Caucasian and African
American at each sampling time point. Most (4 out of 5) studies were conducted in the
US.

Figure 1(B) Aqueous Humor (AH) Sample Collection
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Table 2. Total number of samples per sampling time between 0.5 – 5 h in the pooled study of Drug 1.
As only one study obtained AH sample after 5 h post-dose (i.e., 8 h post-dose), the pooled data was
truncated at 5 h post-dose for the current analysis.
AH Sample at Cataract Surgery

Conclusion

Instill a Single Dose

Figure 4. Comparing AH concentration distributions of Drug 1 in male and
female at each sampling time point. Approximately 40-45% of patients were
male in each study.

Introduction
The impact of patient specific covariates on the aqueous
humor BA is not well understood. Here, we discuss
possible patient specific covariate effects (e.g., age, race,
and gender) on the aqueous humor PK and IOP to better
evaluate the formulation effect in aqueous humor PK
endpoint studies. Seven aqueous humor PK studies
submitted
to
FDA for
corticosteroid
ophthalmic
suspensions were evaluated.

BA was higher in the older patients (> 50 years) than it was in the younger patients (≤ 50 years). Additionally, aqueous humor PK fluctuations observed in the group
of older patients may cause elevated IOP, as compared to the group with younger patients. The results of evaluating the impact of race on aqueous humor PK
showed that BA was higher in Caucasians than that in African Americans. The results of evaluating the impact of race on aqueous humor PK showed that BA was
higher in Caucasians than that in African Americans. No significant gender related effect on aqueous humor PK was observed in this analysis. Physiological
changes in the eyes such as age-related reduction of aqueous flow1, volume of aqueous humor2, lower cell density in cornea3 with higher epithelial permeability of
ophthalmic products may increase aqueous humor drug concentrations in the older patients. Higher capacity of pigmented iris color to bind to certain compounds4
may also have an impact on the aqueous humor concentrations.
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Figure 5. IOP distribution at baseline (prior to administration of ophthalmic topical
corticosteroid) across patient’s age. There is no correlation between IOP and age
at the baseline.

Possible patient specific covariate effects on the aqueous humor PK of corticosteroid
ophthalmic suspensions and elevated IOP were observed. In order to better evaluate
the formulation effect in aqueous humor PK endpoint studies, enrollment of patients
should consider possible covariate effects such as age and race for ophthalmic
topical corticosteroids. A pseudo crossover design (e.g., dosing and sampling from
both eyes of each patient for test and reference products at the same time point in the
separate arm) may be favorable to identify the formulation differences in aqueous
humor PK study, as compared to the parallel design to minimize the possible patient
specific covariate effects on BE studies. Major limitations evaluating the pooled data
in the current study are differences in bioanalytical methods and locations of the
clinical studies. In this analysis, subgroup (e.g., each race) was evaluated, separately,
to reduce the impact of limitations and confounding factors. Additionally, not only the
pooled data but also each aqueous humor PK study was evaluated, separately.
Further investigation on the impact of patient specific covariates is desirable.

