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Disclaimer

This presentation reflects the views of the 
author and should not be construed to 

represent FDA’s views or policies.
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Outline
• Background

• Brinzolamide suspension PBPK/PD models for rabbit and 
human

• Brinzolamide suspension PBPK/PD models for ANDAs

• VBE analysis and sensitivity analysis

• Summary
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Ophthalmic Suspensions for IOP Reduction 
• An in vitro BE option has been recommended for multiple ophthalmic suspension 

products (API: steroids or NSAID). However, an in vitro only approach has not yet 
been recommended for ophthalmic suspension products indicated for intraocular 
pressure (IOP) reduction. 

• IOP reduction products, such as brinzolamide ophthalmic suspensions, are 
associated with high risk due to their long term (chronic) use as well as high risk to 
the patient caused from uncontrolled IOP by a non-therapeutically equivalent 
product.

• An in vitro approach may be recommended for IOP products when a better 
understanding of how their in vitro characteristics affect in vivo performance, 
e.g., studies/data demonstrating an in vitro-in vivo relationship.
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PSG for Brinzolamide Suspensions

Current PSG recommends comparative clinical endpoint BE study to demonstrate BE between T and R

Coma ns NOJtbJnding Rerummendat!ons 

Draft Gwdance on B ri117Dlnmide 

This draft guifo.nce, when finalized, w ill. represenl 1he cutret1t chinking of the Food and Drug 
Adm:inistration (FDA, or the Agency) on lhis topi:. It does not establish any rights for any person 
aru:I is nor bindlllg on FDA ot the public. You can 11se a.n alternative approach af it saris fies the 
requireme-nlS ohhe applicable tamtes and f'e!,'1.llations. To discuss an a.ltern.at:ive appr,oach, contact 
the Offic of Ge-iletic Drugs . 

Ad i e h1gre di.ent: 

Dosage Form· Route: 

trength: 

Recommended t udies: 

Brin20lli.mide 

Suspensio1 drops; ophtha hni:: 

1% 

One sturly 

'fype of study: !Bioequivalernce (BE) study w ith c\iJ.rical endpoint ! 
Design: Randornrze.d ( 1:1 double-'masked, paralle~ two-am1, in vivo 
Strength: l % 
Subjects: fales and females w ith chroni:: opern angle gbuco:ma or ocular hwertensian in 
both eyes 
Adrl:itional comments: pecific recon1menda1ions are provided below 

n.allytes fo me11JJ ure {in appropriate bi.ofogical flu id) : Not applicable 

Bioequivnleoce based on (95% I): Clinical endpoint 

dditional rn mmeots reganling the B E s tudy l1ith dinkail e ndpoint: 

l . The Office of Ge:neric Drugs OGD) recommernds conductilg a B study w ith a clirnical 
endpoilt ii the lre.atment of open angle glaucoma and ocular h)<pertension convarin:g the 
test pnxlucl to die reference listed drug (RLD), each applied as one drop in both eyes 
three rimes da.ily at approximately 8:00 a.m., 4:00 p.rn.., and IOilO p. m. for 42 days (6 
weeks . 

2. lnclns i:m criteria (the sponsor may add additional criterii:i): 
a.. ale or oonpregnaut fema.les aged al least 18 years with chronic open angle 

glaucoma or ocular hyperternsion in both eyes 

b. Sub· cl requirces rreahnent of both eyes and i;; able 10 discontinue use of an ocular 
hypoteusive medication(s) or switch ocuhr hypoternsive medications and undergo 
approprnte washout period 

c. Adequate wash-out period prior to baseline of any ocular hypotensi:ve 1.nedica1io11 
see Table I). In order t o, miumize potential risk to patients due to intraocular 

pressure (JOP) elevatt::ms durilg the washout period, the inves tigator may choose 
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In vitro Option for Brinzolamide Suspensions?
• Comparative clinical endpoint BE study: challenges

o Confounded by patient disease severity

o Variability in measuring drug response

o Lack of meaningful discrimination to formulation characteristics
   
• In vitro option for BE?

o In vitro characterization of ophthalmic suspensions

o The impact of formulation in vitro characteristics on in vivo performance

o Could PBPK modeling approaches be used to understand and demonstrate the in 
vitro-in vivo relationship?  
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Data Available for Brinzolamide Suspensions

• Formulation CQAs
oMultiple publications and FDA funded research 

• Rabbit PK and IOP data available from literature and 
FDA funded research

• Human IOP data available from literature

• FDA internal data: Human IOP and formulation CQA 
data available from submissions

Brinzolamide 
Suspensions 

(RLD and Test 
formulations)

CQA: critical quality attribute; IOP: intraocular pressure 
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PBPK/PD Modeling
Purpose: Correlate formulation CQAs with the ocular PKs/PDs in a mechanistic model 
using data from ANDAs.

Question: Are the RLD and test products bioequivalent in ocular tissue?

PBPK modeling approach:
Baseline PBPK/PD model Extrapolated from validated rabbit model, validated the 

human model using literature human IOP data

Data from ANDAs Data from ANDAs, including formulation particle size and 
viscosity, were incorporated into models

Predict IOP and PK Predicted IOP was compared with the submitted 
measurement in ANDAs for model validation purposes

VBE Assessment VBE analysis was conducted to assess BE in ocular tissue



www.fda.gov 9

Brinzolamide PBPK Models for Rabbit 

Brinzolamide suspension 

Rabbit PBPK model 
development and 
validation

1U01FD006927: Simulations Plus, Inc.

AH: aqueous humor; ICB: iris ciliary body 
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Brinzolamide PBPK/PD Models for Rabbit 

Brinzolamide suspension 

Rabbit PBPK/PD model 
development and 
validation

AH: aqueous humor; ICB: iris ciliary body 

1U01FD006927: Simulations Plus, Inc.
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• Validated rabbit model was
extrapolated to human

• Interspecies differences in 
anatomy and physiology were
accounted for

• Human model extrapolation was
validated against literature IOP 
data

Brinzolamide PBPK/PD Models for Human

1U01FD006927: Simulations Plus, Inc.

Twice daily (BID) study
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• Validated rabbit model was
extrapolated to human

• Interspecies difference in 
anatomy and physiology was
accounted for

• Human model extrapolation was
validated against literature IOP 
data

Brinzolamide PBPK/PD Models for Human

Three times daily (TID) study

1U01FD006927: Simulations Plus, Inc.
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PBPK/PD Modeling for ANDAs 

• PBPK/PD models for ANDAs utilizing 
o In vitro formulation characterization data 

including particle size distributions and 
viscosity

o IOP data from comparative clinical 
endpoint BE studies

• Virtual BE assessments between RLD and test 
products in local eye tissue 

• Sensitivity analysis or safe space exploration

Baseline PBPK/PD model 

Internal data from ANDA submissions 

Predict IOP and PK 

VBE Assessment 



PBPK modeling plan for ANDAs:



www.fda.gov 14

14

16

18

20

22

24

26

28

0 200 400 600 800 1000

IO
P 

(m
m

 H
g)

t (hours)

IOP Predictions in Human
IOP (PD) model prediction:

14
16
18
20
22
24
26
28

325 330 335 340 345

IO
P 

(m
m

 H
g)

Day 14

14
16
18
20
22
24
26
28

1000 1005 1010 1015 1020
IO

P 
(m

m
 H

g)

Day 42



www.fda.gov 15

VBE Assessment in Ocular Tissue 

Ocular PK BE in aqueous humor: pass for all ANDAs

Virtual BE assessment results between RLD and T in ANDAs based on predicted 
aqueous humor drug concentrations (N=50)

T/R ratio 90% CI lower 90% CI upper BE outcome
ANDA A Cmax 90.56 82.44 99.48 PASS

AUC 92.98 84.44 102.39 PASS
ANDA B Cmax 98.20 95.97 100.47 PASS

AUC 98.22 95.75 100.75 PASS
ANDA C Cmax 98.81 96.77 100.90 PASS

AUC 96.96 96.46 101.06 PASS
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Sensitivity Analysis
Particle size distribution

Drug exposure in ocular tissues decreases as particle size increases

*Mean particle radius of 1.42 µm measured for RLD: Naageshwaran V et al, Int J of Pharma. 2023, 642:123183
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Drug exposure in ocular tissues reaches a plateau when viscosity reaches ~50 cps
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• Brinzolamide PBPK/PD model predictions were in agreement with the 
human IOP data from ANDA submissions through CCEP studies

• VBE assessment demonstrated that RLD and test products are 
bioequivalent in aqueous humor tissue for ANDAs that were shown to 
be bioequivalent through CCE BE studies

• Sensitivity analysis suggests that the ocular tissue exposure is sensitive 
to PSD, while less sensitive to viscosity in the case of brinzolamide 
suspensions  

Summary
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Questions

Mingliang.Tan@fda.hhs.gov
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