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Ocular emulsions and dry eye: a case study of a
non-biological complex drug product delivered to

a complex organ to treat a complex disease
Anu Gore', PhD; Mayssa Attar?, PhD; Chetan Pujara’, PhD; Sesha Neervannan', PhD

Generic drugs are intended to provide a lower cost option of safe and effective medicines thereby granting greater patient access to
affordable health care. A sound scientific basis and a robust regulatory process to demonstrate bioequivalence of the generic version
of a branded drug are critical to ensuring the success of this option. In establishing the scientific basis for testing methods, the nature
of the branded drug, the disease and site of action(s) must be considered. While the regulatory paths for establishing bioequivalence
are well understood for small molecules, in particular those administered orally, and recently for biosimilars, the path for non-biological
complex drugs (NBCDs) is an emerging area. Similarly, the use of systemic pharmacokinetic (PK) or PK- pharmacodynamic (PK-PD)
measures in clinical studies to demonstrate bioequivalence is well established for drugs that are delivered to the site of action via the
systemic circulation. Conversely, locally administered and locally acting drugs present unique challenges. For locally acting drugs,
the disease and the affected organ introduce complexity when considering drug delivery and drug absorption. Efforts to establish a
scientifically sound regulatory path for demonstrating bioequivalence or similarity to RESTASIS® present an example where the com-
plexities of drug, disease and organ meet to create a multifaceted challenge. This paper reviews the current state of our understanding
of NBCDs, and uses the RESTASIS® case study to illustrate current gaps in knowledge that create difficulties in the design of a robust

regulatory path to establish bioequivalent NBCDs.
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Introduction

The classical generics approach based on showing pharmaceu-
tical equivalence and bioequivalence has been the basis of the
introduction of many safe and effective alternatives to innovative
medicines [1-3]. This paradigm is based on the assumption that the
molecular structure of the bioactive molecule is known and can be
exactly reproduced and fully characterized. Typically, it is one well-
defined molecule, the active pharmaceutical ingredient, embedded
in an appropriate formulation. Regulatory experts from all over
the globe, e.g. from the US Food and Drug Administration (FDA),
the European Medicines Agency (EMA), and the World Health
Organization (WHO), have developed their guidance documents
to assure equality in terms of quality, efficacy and safety between
the innovator’s and various generic versions of these medicines.

In contrast to small molecule drugs, complex drugs such as bio-
logicals are derived from living organisms — the generic versions
of these are commonly referred to as biosimilars. Typically, for
biosimilars, non-clinical and/or clinical studies are requested in
addition to physicochemical (quality) analyses [4].

Then, there is the category of complex medicines that do not fall
under the above definition of biologicals: the category of non-
biological complex drugs (NBCDs) [5]. An NBCD is defined as a
medicinal product, not being a biological medicine, and consists
of different (closely related) structures that cannot be fully quanti-
tated, characterized and/or described by (physico) chemical analyt-
ical tools alone. In addition, a product can be defined as an NBCD
based on other complexities, such as complexity due to dosage
form, complexity due to local delivery, and/or complexity of the

disease that poses difficulties in establishing bioequivalence. The
composition and quality of NBCD may be dependent on the manu-
facturing process and controls [6]. Therefore, with respect to assess-
ment of similarity/equivalence for NBCD, new knowledge and
policies need to be created. The challenges posed by the develop-
ment of follow-on versions of NBCD that have been discussed in
current literature include ‘families’” of liposomes, iron-carbohydrate
(‘iron-sugar’) drugs and glatiramoids. It has been proposed that the
same principles for the marketing authorization of copies of NBCD
as for biosimilars be used: the need for animal and/or clinical data
and the need to show similarity in quality, safety and efficacy [7].

In the current review paper, we discuss the category of ophthal-
mic emulsions as an NBCD. This classification is based on the
unique challenges posed due to a combination of the complexi-
ties of the dosage form, the disease and the local delivery site.
Ophthalmic emulsions are complex systems that are used to
deliver poorly soluble drugs to the eye, a complex organ and,
depending on the disease, offering potentially multiple target
tissues. Further, ophthalmic dosage forms are locally acting, so
pharmacokinetic (PK) bioequivalence is generally not possible
or informative of delivery of efficacious levels. Recent FDA draft
guidance, the June 2013 Draft Cyclosporine Bioequivalence (BE)
Guidance (June 2013 Draft Guidance), on ophthalmic emulsions
seems to acknowledge the complexity of ophthalmic emulsions —
but there are still limitations in these to ensure bioequivalence
of these generic emulsions. Using our experience with RESTA-
SIS® ophthalmic emulsion and the recent FDA June 2013 Draft
Guidance on cyclosporine ophthalmic emulsions (with its sub-
sequent amendments) as a case study, we address areas where
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further understanding of locally acting ophthalmic emulsions is
necessary to create scientifically robust guidance with respect to
assessment of similarity/equivalence of ophthalmic emulsions.

The importance of safe and effective generic drugs

Generic drugs are intended to provide a lower cost option of safe
and effective medicines thereby granting greater patient access
to affordable healthcare [1]. A sound scientific basis and a robust
regulatory process to demonstrate bioequivalence of the generic
version of a branded drug are critical to ensuring the success of
this option. In establishing the scientific basis for testing methods,
the nature of the branded drug, the disease and site of action(s)
must be considered. The challenges of developing a robust data
package to support generics for locally acting drugs are widely
recognized. In the past, FDA has generally recommended in vivo
bioequivalence studies with clinical endpoints ‘because formula-
tion differences for locally acting products may affect the avail-
ability of a drug at the site of action’. With that said, in an effort
to encourage a path to bring forward safe and effective generic
versions of ophthalmic medications, the regulators, including
FDA, have made significant advances in categorizing appropriate
paths for different drug options as presented below.

Aqueous solutions of topical ophthalmic medicines for the treat-
ment of intraocular pressure present an opportunity to bring for-
ward safe and effective generics. Absorption from a simple aqueous
solution can be modelled in vitro. Secondly, the disease target
tissue for the drug site of action in addition to the clinical endpoint
of measurement of intraocular pressure are well established. How-
ever, with more complex formulations there have been challenges
due to unique consideration for the eye as an organ. Several
generic ophthalmic drugs unexpectedly have shown less efficacy
than their reference listed drug (RLD) as well as clear drug-related
toxicity, only after widespread clinical use. Some examples of past
generic cases of inequivalence include diclofenac causing corneal
melts [8], Ciprofloxacin suboptimal drug concentration [9], pred-
nisolone acetate [10, 11], ketorolac and timolol gel forming solu-
tion [12, 13]. As such, differences in a generic drug product that are
unknown, or known and deemed to be insignificant, could pose a
significant hazard to the ophthalmic health of patients.

Overall, we learn from experience with drugs used to treat glau-
coma that effective and safe ophthalmic generics are possible.
However, great care must be taken depending on the drug,
formulation and disease to be treated. Cyclosporine ophthalmic
emulsion presents a multifaceted challenge that is presented as
a case study in the section that follows.

Case study: RESTASIS® ophthalmic emulsion

RESTASIS® (cyclosporine ophthalmic emulsion) 0.05% contains
cyclosporine (CsA), a topical immunomodulator with anti-
inflammatory effects. Due to the poor aqueous solubility of CsA,
it is formulated as an emulsion, containing castor oil, polysor-
bate 80, carbomer copolymer type A, purified water and sodium
hydroxide to adjust pH. RESTASIS® ophthalmic emulsion is indi-
cated to increase tear production in patients whose tear produc-
tion is presumed to be suppressed due to ocular inflammation
associated with keratoconjunctivitis sicca.

Complexity of disease
Keratoconjunctivitis sicca, colloquially known as dry eye disease,
is among the leading causes of patient visits to ophthalmologists
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in the US. Twenty-three million Americans suffer from dry eye
disease, which has two main causes: decreased secretion of
tears by the lacrimal (tear-producing) glands, and loss of tears
due to excess evaporation. Both causes lead to ocular discom-
fort, often described as a feeling of dryness, burning, a sandy/
gritty sensation, or itchiness. Visual fatigue, sensitivity to light,
and blurred vision are also characteristic of the disease. This is
a serious disorder that, if left untreated or under-treated, pro-
gressively damages the ocular surface and may lead to vision
loss. Dry eye disease is a disorder of the ‘tear film’, and ocular
inflammation is known to play a major role in the symptoms
and progression of the disease. Dry eye disease patients can
suffer mild irritation (Level 1 severity). In patients with Level 2
to Level 4 severity scores, the symptoms are quite debilitating. If
the condition in these cases is untreated or treated inadequately,
e.g. only with an agent such as artificial tears, the disease will
continue to progress, and may lead to severe eye damage and
vision loss. Severe problems with untreated dry eye can also
lead to corneal infection and scarring. Compared across differ-
ent diseases, dry eye was found to cause degradation in quality
of life that is on par with other severe disorders, such as class
II/TV Angina. (AGN Citizens Petition/public response 2014).

Development of RESTASIS®

At the time Allergan initiated the RESTASIS® development pro-
gramme in 1992, dry eye was a largely unmet medical need,
predominantly affecting women. No therapeutic treatments
were available, apart from the use of artificial tears and, for the
most severe cases, blockage of the lacrimal drainage system
with punctual plugs or cauterization.

Allergan’s investigators completed seminal work in the dry
eye disease area, identifying the role of the T cell and chronic
inflammation in the pathogenesis of dry eye disease, followed
by application of cyclosporine (a drug previously used systemi-
cally to prevent transplant rejection) to target the disease locally
[14-16]. The lipophilic nature of cyclosporine, however, made
it extremely difficult to formulate an ocular-friendly preparation
with appropriate bioavailability. The multiple target tissues of
the ocular surface, e.g. cornea, conjunctiva, lacrimal glands; the
composition of the tear film (not a simple salt solution), and the
short retention time on the eye contributed many complex issues
in creating an efficacious formulation. Various formulations were
attempted with concentrations up to 2% cyclosporine; these
were poorly tolerated and absorbed. Ultimately, Allergan suc-
cessfully formulated RESTASIS® in its current form. An extensive
clinical development programme was conducted with the emul-
sion formulation in its current form to demonstrate safety and
efficacy and form the basis of the approval to market RESTASIS®.

Complexity of delivery to target tissues of the eye

Unlike other drug delivery routes, a topical ophthalmic formula-
tion usually delivers the drug to the ocular tissues in a relatively
short time frame of a few minutes. An eye-drop, irrespective
of the instilled volume, is often eliminated rapidly within five
minutes after administration, and only a small fraction (< 3%)
of the drug substance is delivered to the tear film and/or is
absorbed and becomes bioavailable in ocular tissues. Further,
normal human tear turnover acts to remove drug solution from
the conjunctival cul-de-sac. Turnover may also be stimulated
by many other factors including ocular irritation, formulation
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excipients and excipient quality, which may further enhance
drug elimination.

A schematic of the various routes of drug delivery to ocular
tissues is depicted in Figure 1. To achieve an effective and safe
rate and extent of absorption, the drug product must accurately
and differentially interact with each relevant tissue and the tear
composition of a diseased eye that may change over the time
course of the disease. In addition, the topical ophthalmic formu-
lation must deliver and release its active ingredient to relevant
ocular tissues in a timeframe of mere minutes (a product engi-
neering challenge). Because ocular drug availability is extremely
low, there is little or no margin for error.

Bioavailability of topically applied cyclosporine is a result of

complex differential rate processes and precorneal film dynam-

ics that adjust continually toward equilibrium:

1. Precorneal clearance of the applied dose, e.g. due to blinking
and lacrimation

2. Tear film drug concentration time curve, i.e. amount of cyclo-
sporine in the tears

3. Tissue permeability

4. Post-tissue clearance

Delivery to the relevant ocular tissues was one of RESTASIS®’s core
innovations. A complex emulsion was required to deliver the drug

Figure 1: Schematic of routes of ocular drug delivery

Non-Biological Complex Drugs

appropriately to the tissues. The specific target organs of RESTASIS®
are understood to be the external tissues of the eye. But the required
amount of drug in individual eye tissues, e.g. the lacrimal gland,
conjunctiva, or epithelial layers of the cornea, to obtain relief of
symptoms is not known. Nonetheless, the RESTASIS® emulsion has
been shown through clinical studies to achieve the requisite tissue
concentrations and time course for safety and effectiveness.

Complexity of the dosage form

Due to the poor aqueous solubility of CsA, it was formulated as
an oil-in-water ophthalmic emulsion formulation in RESTASIS®.
An emulsion is a dispersion of two or more immiscible lig-
uids, stabilized by a surfactant or emulsifier coating droplets and
preventing coalescence by reducing interfacial tension or creat-
ing a physical repulsion between the droplets. Although emul-
sions are often depicted schematically as drug containing oil
droplets coated with a surfactant/emulsifier and dispersed in an
aqueous phase, they are fundamentally complex dosage forms.
The emulsion components can distribute themselves in various
phases depending on their physicochemical properties as well
as the process of manufacture of the emulsion. For example, the
surfactant can partition into the water phase to form micelles in
addition to acting as an emulsifier to stabilize oil droplets. The
oil droplets may form globules with a range of sizes.

The drug dissolved in the oil can partition into the other phases,
such as the water phase, micellar
phase, microemulsion phase, or at
the oil/water interface. The drug

’ Pre-corneal area

is thus expected to be present in
‘ the product in several locations

iE E i E

including:

’ Eyelid margin H Cornea H Conjunctiva F»’ Tear duct H

‘ e in true solution in water

Nasolacrimal duct . . U .
e in micellar equilibrium in the

TN U R SR B

’ Anterior chamber ‘ ’ Sclera ‘ ’ Lacrimal gland ‘

Lol

’ Intraocular tissues ‘

|l

’ Ocular circulation ‘

| l

aqueous phase (in both the
micellar core and in the surfac-
tant palisade layers)

e in the oil droplets

e in the surfactant monolayer of
the oil/water interface

e associated with viscosity agents.

The portion of the drug in each of

=

Lymphatics Systemic circulation

¥ these phases depends on not only
the physicochemical properties of

E denotes compartments important to efficacy and S denotes compartments important to safety.

the drug and the emulsion compo-

Figure 2: Schematic illustration of emulsion infrastructure showing the different structures and

cyclosporine drug localization in various phases

IS * .,
Qil globules (castor oil o2 . %’;5 . .,
. . " - 29
with dissolved drug) - . e g
I w.
$ '_4$ H igf
e & #, ‘Q'
Aqueous phase ——=—> %’5 3
;\: :/—". l" _,y-’/" %
Surfactant phase ——a S .
- £ e .

“> €—— Polymer

- €— Water soluble

« &— Drug partitioned into

“%~ "¢— Drug dissolved in

sition, but is also impacted by the
manufacturing process for the emul-
sion. This has been demonstrated
for phospholipid emulsions [17, 18],
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additives The schematic showing the com-
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In RESTASIS® emulsion, castor oil
(oil phase) is dispersed in the water
phase using polysorbate 80 as the

surfactant micelles
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surface-active agent. In addition, the water phase contains a
secondary emulsifier and viscosity agent (carbomer polymer),
which provides further stability to the emulsion droplets over
the product shelf life. Polysorbate 80 is a strong surfactant with
a high hydrophilic/lipophilic balance value of 15 and low criti-
cal micelle concentration (CMC) of 0.014 mM or 0.0018% w/v.
The level of polysorbate 80 contained in RESTASIS® is several
times above its CMC, and it is expected that some portion of the
surfactant will be present in the aqueous phase. This portion of
polysorbate 80 is capable of solubilizing both cyclosporine as
well as the drug-oil mixture by formation of micelles or micro-
emulsion. Cyclosporine A can be present in the various phases
including large and small oil globules, castor oil/polysorbate
80 interface, micellar phase, and solution phase. Further, the
distribution of cyclosporine is dependent on the qualitative and
quantitative composition of the formulation, grades of excipients
used and the process of manufacture.

The significance of the drug distribution in various components
or phases of the emulsion and its impact on efficacy and safety
of the product is not fully understood. Thermodynamics dictate,
however, that the drug localized in different phases may prefer-
entially partition into different ocular tissues depending on their
lipophilic or hydrophilic characteristics. For example, the drug
in the aqueous phase shows greater affinity towards tissues such
as the cornea or conjunctiva, and the oil compartment shows
greater affinity towards lipid tissues such as the eyelid margin
containing the meibomian glands. Thus, the rate and extent of
distribution in these tissues can be affected by the amount of
drug in the different phases of the emulsion.

Complexity due to interaction with the ocular surface

As mentioned above, the oil globules in RESTASIS® are stabi-
lized by surfactant and secondary emulsifier and viscosity agent
(carbomer polymer) which is salt sensitive. When a drop of
this emulsion is applied to the eye, the salt sensitive polymer
rapidly loses viscosity releasing the oil droplets and micelles on
the ocular surface. The dilution and action of salt is expected
to further break apart the surfactant-stabilized globules and
micelles. The oil released migrates to lipid layer and coalesces
to form larger droplets while surfactant associates with lipids
and mucins in the tear film. These processes are schematically
depicted in Figures 3A and 3B. The release of CsA on the ocular
surface would be determined by rate and extent of these pro-
cesses as well as the portion of CsA in each of these phases as
they interact with the ocular surface.

Development pathway for generics for RESTASIS® — FDA June
2013 Draft Guidance for Cyclosporine ophthalmic emulsions

As discussed in the previous section, RESTASIS® is a formulation
of a poorly water soluble drug requiring a complex delivery
system — which is indicated to treat a complex disease — that
requires delivery of the drug to multiple target tissues in a com-
plex organ (eye). This complexity would make it difficult to
demonstrate bioequivalence with traditional in vitro Q1, Q2 and
Q3 methodologies alone, and FDA has, therefore, traditionally not
allowed such a pathway. Further, RESTASIS” is intended for local
delivery, and clinical testing on RESTASIS® has shown that there
are negligible systemic levels of CsA — hence PK bioequivalence
is not possible. FDA has historically recommended in vivo
studies with clinical endpoints to demonstrate bioequivalence for
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Figure 3A: Effect of tear film on RESTASIS® emulsion when

first applied to the eye

vae A Mr v W
.~‘d < a‘vuavé‘ iv w e A’v;:

-
P s -
. O CSAGD = . -
Y,
- @ L
et W ~
’
> S, Ye
A
-

Figure 3B: Effect of tear film on RESTASIS® emulsion after

mixing with tear film
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complex drugs/formulations for some locally acting topical drug
products. For these products, measuring the bioavailability of the
active moiety or active ingredient in blood, plasma, and/or urine
(and thus assessing bioequivalence of the proposed generic drug
product to the RLD) does not adequately represent the safety
and efficacy at the site of action because the drug is minimally
absorbed into systemic circulation. Due to the complexity of
RESTASIS® described in sections above, before June 2013, FDA
therefore required in vivo studies with clinical endpoints to show
bioequivalence to RESTASIS®.

In June 2013, FDA published a draft product-specific bioequiva-
lence recommendation for cyclosporine ophthalmic emulsion,
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i.e. the June 2013 Draft Guidance, that included both i1 vivo and
in vitro options for developing a generic of RESTASIS®. The June
2013 Draft Guidance states that a proposed abbreviated new drug
application (ANDA) product may establish bioequivalence using
the in vitro methodology if: (a) the proposed generic drug for-
mulation is qualitatively (Q1) and quantitatively (Q2) the same as
the RLD; (b) the proposed generic drug formulation demonstrates
physiochemical properties similar to the RLD (Q3); and (c) the
proposed generic drug formulation demonstrates i7 vitro drug
release rates of cyclosporine comparable to those of the RLD. The
physicochemical properties that were included in this June 2013
Draft Guidance were globule size distribution, viscosity, pH, zeta
potential, osmolality, surface tension, with population bioequiva-
lence analysis recommended only for globule size distribution.

FDA explained the scientific rationale behind the i7 vitro option
in their response to Allergan’s citizen petition (ref. Docket no.
FDA-2014-P-0304). FDA explained that it considers comparative
clinical endpoint studies to be relatively insensitive at detecting
the manufacturing and formulation variables, which have the
greatest potential to affect the bioavailability of topical ophthalmic
products. In particular, i vivo clinical endpoint studies, which
measure formulation differences indirectly rather than directly,
may be limited by confounding variables, such as different severi-
ties of disease and variability in the definition of the instrument
used to measure efficacy, among other issues. FDA provided the
rationale for selection of the six i1z vitro properties to be measured
as each of these physicochemical properties has the potential to
affect ocular bioavailability by changing the drug’s absorption,
clearance, and permeation, as well as the product’s stability. Some
of the properties, such as viscosity and pH, are also important for
ensuring patient comfort. The in vitro release testing requested
was to provide confirmation that a proposed generic drug product
has a comparable release rate to that of the RLD, which can help
ensure that the proposed generic drug product will deliver cyclo-
sporine to the ocular tissues for absorption in a manner com-
parable to that of the RLD. In summary, FDA believed that a
proposed cyclosporine ophthalmic emulsion formulation that
meets the three recommended criteria outlined above — Q1/Q2
sameness, Q3 sameness, and an acceptable comparative in vitro
release rate — should become available at the site of action at
a rate and to an extent that is not significantly different from
that of the RLD, thus meeting the requirement for demonstrating
bioequivalence. However, FDA also recognized that if research
later uncovers additional properties that may influence bioavail-
ability, FDA would review the evidence to determine whether the
June 2013 Draft Cyclosporine BE Guidance should be revised to
include those properties. Whether the data and information in a
particular ANDA are sufficient to demonstrate bioequivalence is
an issue to be determined during review of a proposed generic
drug product’s marketing application. (Ref. FDA response to
Allergan’s Citizen’s petition Docket no. FDA-2014-P-0304).

Since the publication of the first draft guidance in June 2013,
FDA has revised the guidance on two subsequent occasions.
The first revision was in February 2016 and the second revi-
sion was in October 2016. These revisions have improved, in
many regards, the scientific rigour of analyses as compared to
the 2013 guidance. For example, the February 2016 revised draft
guidance acknowledges that the active drug in cyclosporine
ophthalmic emulsion is distributed across different phases of the
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emulsion. As a consequence, any proposed generic drug product
developer must apply multiple, complementary methods, under
controlled, repetitive test parameters, to accurately characterize
not only globule content and size, but also distribution across the
emulsion phases, using the RESTASIS® as the reference product.
The October 2016 revision removes the requirement of utilizing
complementary globule size measurement methods, but provides
additional details regarding the statistical metric that are preferred
to assess the difference, e.g. in terms of distance, between the
shapes of distribution profiles. Further, the October 2016 revi-
sion to the June 2013 Draft Guidance adds the requirement that
no changes, e.g. source, grade; should be made to the structure
forming excipient or solubilizing excipient in the product for
commercial batches unless adequate supporting data and risk
assessment are provided to demonstrate that the changes will not
affect the product performance and quality. There are still sev-
eral gaps in the recommended testing before accepting a generic
drug product as bioequivalent based on only i7 vitro data — these
are further discussed in the later sections of this review paper.

Allergan investigations regarding suitability of the June 2013 Draft
Guidance to demonstrate bioequivalence of a generic cyclosporine
emulsion

To evaluate if the in vitro characterization techniques listed in
FDA’s June 2013 Draft Guidance were sufficient to discriminate
between non-bioequivalent emulsions, Allergan conducted
extensive experimental investigations. Allergan developed
a series of different methods to make emulsions similar to
RESTASIS® by making selected modifications such as excipient
grades, processing times, homogenization methods, sterilization
techniques and/or processing temperature. This yielded nine
test emulsions that were Q1/Q2 to RESTASIS® with respect to
ingredients and composition. Each of these test formulations
was compared against RESTASIS® using the six physicochemi-
cal properties listed in the June 2013 Draft Guidance (globule
size, pH, viscosity, zeta potential, surface tension and osmolal-
ity) to evaluate if they would meet the Q3 portion of the guid-
ance. In addition to the six physicochemical properties listed
in the guidance, Allergan conducted additional testing on these
products, which included drug distribution in various emulsion
phases, rheology, globule size measurements with a variety
of different techniques and the effect of dilution with tears on
these physicochemical parameters. Further, several non-clinical
assessments were conducted comparing these test emulsions
with RESTASIS®.

The June 2013 Draft Guidance also required that acceptable
comparative in vitro drug release rate tests of cyclosporine from
the test and RLD formulations to be demonstrated. Allergan did
not conduct in vitro drug release testing on these emulsions as
currently no in vitro release test exists for RESTASIS®, and none
has been established or validated for an ophthalmic emulsion.
Common methods proposed in the literature [20-22] for testing
in vitro drug release for disperse systems, such as sample and
separate technique, membrane diffusion technique (dialysis sac
or diffusion cells), and continuous flow-through technique are
not applicable to RESTASIS® due to a variety of reasons, such as:
(a) complex nature of the emulsion; (b) poor solubility of cyclo-
sporine in relevant dissolution media; (¢) difficulties in separating
dissolved/released cyclosporine from micellar or oil solubilized
portion; (d) similarity of molecular weights of cyclosporine with
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other excipients in the formulation; and (e) lack of evidence
to show correlation of in vitro drug release testing to clinical
performance as it cannot simulate the complex drug release
and delivery to receiving compartments. In a publication [23] by
Rahman et al., 2014, the researchers were unable to use in vitro
drug diffusion to discriminate cyclosporine emulsions manufac-
tured utilizing different processes — even when these emulsions
showed significant differences in other parameters, such as glob-
ule size and viscosity. FDA has acknowledged the difficulties of
developing suitable drug release tests for ophthalmic products
in various workshops on in vitro/dissolution testing of novel/
special dosage forms [24]. Further, over the last couple of years
FDA has sponsored more than 20 grants for research on in vitro
release characterization and drug delivery modelling for com-
plex or locally acting drugs — nine of these grants focused on
ophthalmic products in 2016 [25, 26]. Based on the current state
of this science, it is not possible to utilize available methods as
a tool to compare quality or bioequivalence of the emulsions.

In the following sections, results from 10 emulsions are
presented, including RESTASIS® and nine test emulsions. All
emulsions are only identified with numbers (or letters) and
details of excipient grades, processing times, homogenization
methods, sterilization techniques and/or processing tempera-
ture are not included for proprietary reasons.

1. Physicochemical characterization of emulsions manufactured
with modified processes

The results for the six physicochemical properties (globule size
distribution, viscosity, osmolality, pH, zeta potential and surface
tension) measured for the test formulations and compared to
RESTASIS® showed that several of these formulations would meet
the requirements of the June 2013 Draft Guidance with respect to
those six properties. For example, the guidance recommended
that the globule size distribution of the emulsions should meet
95% CI established by comparing to three lots of RESTASIS® —
but the method to be used for this globule size measurement
was not specified. Globule size measurement methodology is
highly technique-dependent and can be
selected or modified to yield findings
of similarity for dissimilar emulsions.
Allergan used multiple methods to
characterize globule size and found that
five out of the 10 emulsions tested by
Allergan (Emulsions 2, 4, 8, 9 and 10)
would have globule size distribution
that would be considered equivalent
to RESTASIS® according to the globule
size distribution criteria stated in the
June 2013 Draft Guidance, using at least
one method. For the other five physico-
chemical properties, no guidance was
provided on comparing the results of a
generic drug formulation to RESTASIS®.
Allergan found that nine of the 10 emul-
sions would be considered equivalent
to RESTASIS® with respect to these

Viscosity (Pa.s)

To summarize the results of the physicochemical properties:

e All emulsions showed comparable results to RESTASIS® with
respect to pH, Osmolality, zeta potential and surface tension

e Nine of the 10 emulsions show comparable results to RESTASIS®
for viscosity

e Five of the 10 emulsions met the globule size criteria as described in
the June 2013 Draft Guidance by a minimum of one measurement
method (either static light scattering or dynamic light scattering)

e In vitro drug release was not tested for any of the 10 emul-
sions due to lack of a suitable method

Although the four test emulsions plus RESTASIS® met the require-
ments of the June 2013 Draft Guidance with respect to the six
physicochemical properties listed, differences were observed
between those four test emulsions and RESTASIS® in other tests. For
example, emulsions that appeared to meet globule size require-
ments by commonly used methods, such as dynamic or static
light scattering were found to have quite distinct size distribution
profiles when measured undiluted using Field Flow Fraction-
ation. Similarly, emulsions with similar viscosity values measured
at single point of shear were found to be distinctly different when
their rheology profiles were compared as shown in Figure 4.

Another property of these emulsions that was measured for
these test emulsions although it was not specified in the June
2013 Draft Guidance, was the distribution of cyclosporine in
various emulsion phases. Distribution of cyclosporine within an
emulsion can be affected by the manufacturing process and
excipient grade. Differential distribution within an emulsion for-
mulation may impact drug delivery to target tissues [27].

To understand the effect of manufacturing process and excipi-
ent grade on the distribution of cyclosporine in the aqueous and
oil phases of the emulsions, nine emulsions were centrifuged
to obtain two phases — a cream layer and a clear/translucent
phase. The concentration of cyclosporine and castor oil in the
clear/translucent phase solubilized in polysorbate 80 micelles or
present as microemulsion was measured, see Figure 5.

Figure 4: Rheometry profiles for Q1/Q2 cyclosporine emulsions manufactured using two

different manufacturing processes

=== Emulsion B

wd Emulsion A

five physicochemical properties. (Note:
although RESTASIS® is included as one 0.00
of the 10 emulsions evaluated, it is not
identified for proprietary reasons).

0.02 0.04 0.06 0.08 0.10
Shear rate (1/s)
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Figure 5: Per cent of total concentration of cyclosporine measured in the clear/slightly translu-

cent phase after centrifugation

Non-Biological Complex Drugs

Together this indicates that modi-
fications to the manufacturing pro-
cess and/or excipient grade that

80

60

% Cyclosporine in clear/slightly
translucent phase

appear to affect the distribution of
cyclosporine within the emulsion
may also affect the rate and extent
of absorption into a key target site.

These data can be explained when
considering the interaction at the
formulation-drug-tissue interface.
Specifically, thermodynamics dic-
tate that the drug localized in differ-
ent phases may preferentially target
partitioning into different ocular tis-
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Figure 6: Effect of amount of cyclosporine measured in the clear/

translucent phase of the emulsion on permeability into
corneal cells
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Blue dots represent emulsions 2, 4, 8, 9 and 10. These 5 emulsions meet Q1/Q2 criteria
and the hysicochemical parameter measures as described in the June 2013 Draft Guidance.

CsA: Cyclosporine.

These data indicate that the manufacturing process appears to
impact the distribution of cyclosporine in the emulsion. The
per cent cyclosporine measured in the clear translucent phase
was approximately 60% to 14%. However, Emulsions 2, 4, 8, 9
and 10 meet Q1/Q2 criteria and the physicochemical parameter
measures as described in the guidance.

The significance of the drug distribution in various components
or phases of the emulsion and its impact on efficacy and safety
of the product is not fully understood. To better understand
the impact of this differential distribution with the emulsion,
these nine emulsion formulations were applied to the surface of
human corneal epithelial cells and penetration into and across
these cells was measured, see Figure 6.

These data illustrate that permeability into human corneal epi-
thelial cells increased as the proportion of drug in the clear/
translucent portion of the emulsion decreased.

GaBl Journal | www.gabi-journal.net

tissues such as the cornea or con-
junctiva, and the oil compartment shows greater affinity towards
lipid tissues such as the eyelid margin containing the meibomian
glands. Thus, the rate and extent of distribution in these tissues
may be affected by the amount of drug in the different phases of
the emulsion as presented in Figure 7 below [27].

The complexity of these processes likely increases in a diseased
eye and further research is required to elucidate how the time
course of disease pathology and treatment affects the rate and
extent of cyclosporine absorption.

2. Kinetics at the ocular surface and consequences ro safety and
efficacy

Two of the test emulsions that meet Q1/Q2 criteria and the
physicochemical parameter measures as described in the
June 2013 Draft Guidance were administered to New Zealand
white rabbits. These two emulsions were labelled A, and B
for in vivo study purposes. Tear pharmacokinetics were char-
acterized following a single 35 UL administration and ocular
tolerability (ocular discomfort and hyperemia) were character-
ized following multiple daily ophthalmic doses for seven days.
Emulsions A and B were compared to RESTASIS®.

No anatomical barriers exist in drug partitioning from the formu-
lation into the tear film; yet clear differences were measured in
rabbit tear pharmacokinetics for these emulsions, see Figure 8.

Close examination of tear data at the 0.5 hour time point,
demonstrate that emulsions A and B tended to achieve higher
cyclosporine concentrations with a wider range of variability as
compared to RESTASIS®, see Figure 9.

These higher cyclosporine tear concentrations are thought to
contribute to the increased severity of ocular discomfort and
conjunctival hyperemia observed in rabbits administered emul-
sions A and B as compared to RESTASIS®.

These data demonstrate that modifications to the manufacturing
process and/or excipient grade may affect the extent of cyclo-
sporine distributing from the emulsion into the tear film, which
may lead to increased discomfort.
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Figure 7: Cyclosporine concentration time profile in cornea, conjunctiva, eyelid margin and blood after a single topical administration

in New Zealand rabbit eyes of either an aqueous solution (0% castor oil w/v), light emulsion (0.3% castor oil w/v) or heavy
emulsion (1.25% castor oil w/v) with a 0.05% cyclosporine dose strength
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Figure 8: Cyclosporine (CsA) concentration time profile in rabbit

Figure 9: Cyclosporine (CsA) concentrations in rabbit tears at

0.5 hours following a single 35 mL ophthalmic admini-
stration of emulsions A, B and RESTASIS®

tears following a single 35 mL ophthalmic administra-
tion of emulsions A, B or RESTASIS®
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Each data point represents a mean value of n = 2 to 4 rabbits (4-8 eyes)/time point + Line represents median value of n = 8 tear samples and indicates that emulsions A and B
standard error. tend to achieve higher and more variable cyclosporine concentrations in tears.
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Figure 10: Per cent of total concentration of cyclosporine in the clear/slightly translucent phase layer of

cyclosporine emulsions before and after dilution with saline solution

Non-Biological Complex Drugs

FDA Revised Draft Guid-
ance for Cyclosporine oph-
thalmic emulsions

The results of the inves-

100 tigations conducted by

- Allergan were provided
£ 80+ to FDA for their consid-
2 eration. Although FDA
<8 did not agree with all of
38 60 Allergan’s  recommenda-
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£5 40 the draft guidance on at
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‘OQ'\ in many regards, the scien-

¥ tific rigour of analyses as

& compared to the 2013 guid-

ance. It is noteworthy that

[l Before dilution with saline [l After 1:1 dilution with saline none of the emulsions 1-10

For ophthalmic emulsions, further complexity arises as we
consider the changes in these physicochemical parameters when
the drops are applied to the ocular surface. When a drop of the
emulsion is administered to the ocular surface, it is expected to
interact with the tear fluid and release the drug on the ocular
surface. This interaction and drug release depends on emulsion
characteristics as well as the conditions on the ocular surface.
Dilution of the emulsions with normal saline (to represent ocular
surface mixing with tear fluid) shows that these physicochemical
parameters change significantly — with the magnitude of change
being different for the various emulsions. RESTASIS® composi-
tion contains carbomer which is a salt sensitive polymer. It is
expected that when this emulsion is administered to the ocular
surface there will be a reduction in viscosity and destabiliza-
tion of the emulsion as the emulsion gets progressively diluted
with tear fluid — allowing for rapid release of the drug on the
ocular surface. The kinetics and extent of this destabilization are
expected to impact drug absorption and distribution to the ocular
tissues. An example of this is the distribution of cyclosporine in
the various phases of the emulsion. For RESTASIS® on dilution
with normal saline, higher amounts of cyclosporine partition into
the clear phase versus other emulsions. For example, no change
in partition is observed for emulsion 9 while a large increase in
the partitioning to the clear/translucent phase is observed for
emulsion 4, see Figure 10. Together these observations further
highlight the multifaceted complexities of these emulsions.

The results of these studies show that the physicochemical tests
recommended by the June 2013 Draft Guidance were not suffi-
cient to fully characterize the emulsion properties and their impact
on delivery of the drug to the eye. The results of these investiga-
tions show that some of the emulsions, despite their apparent
similarities based on the macro properties (globule size, pH, vis-
cosity, zeta potential, surface tension and osmolality) can result in
products that may not necessarily be bioequivalent to RESTASIS®.

GaBl Journal | www.gabi-journal.net

above met the criteria of the
revised guidances. However, several key gaps still remain for the rec-
ommended testing — which are important to address prior to accepting
a generic drug product as bioequivalent based on only i vitro data.

The February 2016 Revised Draft Guidance acknowledges that
the active drug in cyclosporine ophthalmic emulsion is distributed
across different phases of the emulsion. As a consequence, any pro-
posed generic drug product developer must apply multiple, com-
plementary methods, under controlled, repetitive test conditions,
to accurately characterize not only globule content and size, but
also distribution across the emulsion phases, using RESTASIS® as
the reference product. FDA has acknowledged recently that none
of the common methods known or proposed in the literature
for testing in vitro drug release for disperse systems is a good
fit for cyclosporine ophthalmic emulsions and that the burden
is on ANDA applicants to develop a suitable in vitro method for
measuring drug release. The only requirement for in vitro release
methodology in the February 2016 Revised Draft Guidance is
that the method should discriminate the effect of production pro-
cess variability on the test formulation. This requirement may
not provide sufficient guidance as many in vitro release methods
could ‘discriminate’ extreme types of ‘process variability’, which
produce emulsions with globule sizes and other parameters
varying by several orders of magnitude; but may not be able to
discriminate emulsions with more subtle differences that may be
observed during development and validation of emulsions. Addi-
tional requirements are needed such that the in vitro method
should be able to discriminate the effect of globule size distribu-
tion variability and the effect of differences in drug distribution
in the various emulsion phases. Further, due to the unique con-
straints of the site of delivery, the method also needs to be capa-
ble of addressing the short duration of dose on ocular surface.

The February 2016 Revised Draft Guidance also adds more rigor-
ous requirements for other measurements such as globule size
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by requiring complementary globule size analytical methods,
acknowledging that ‘more than one size characterization method
may be necessary to accurately detect the entire globule size dis-
tribution’. Further guidance on methods and validation criteria that
would be used to determine suitability of these methods would
be beneficial to potential ANDA applicants. For the other physi-
cochemical parameters where population bioequivalence (PBE)
is not required, it would be useful to clarify the statistical analysis
that should be used to determine sameness of the emulsions.

The October 2016 revision to the draft guidance expands on the
in vitro requirements in two major categories — globule size dis-
tribution measurements and the importance of the grade of the
functional excipients in addition to the Q1/Q2 requirement. This
revision removes the requirement for complementary globule size
measurement methods, and continues to recommend Dynamic
Light Scattering methods to obtain size distribution profiles using
intensity-weighted histograms. It is acknowledged that the con-
ventional population bioequivalence (PBE) based on just D50 and
SPAN may not be sufficient to demonstrate bioequivalence. The
preference of using statistical metrics to assess the difference in the
globule size distribution of a generic drug product to RESTASIS®
is discussed, and a suggested approach is the earth mover’s dis-
tance (EMD) method. In many aspects, this is a more rigorous
approach for comparing size distributions of test emulsions with
the reference product, but there is still a gap in that the selection
of number of samples and replicates is left up to the applicant.
In prior guidances for other emulsion products, FDA has pro-
vided the required number of minimum datasets to be used to
account for variability and ensure suitable power for PBE analysis.
For example, the draft guidance related to difluprednate ophthal-
mic emulsion states: ‘The applicants should provide no less than
10 datasets from three batches each of the Test and Reference
products to be used in the PBE analysis’. Similar requirements
for the cyclosporine ophthalmic emulsion guidance are required
to ensure that generic drug product manufacturers employ the
required level of rigour in demonstrating similarity of test product
to the reference product. Further, the EMD method is a statistical
measure that is very sensitive to data grouping, but no guidance
has been provided for this critical attribute. Minimum require-
ments for this attribute should take into account the minimum
number of groups used to classify size data that encompass the
entire distribution profile. This clarification is necessary to ensure
that the discriminatory power of this method is not compromised.

Other major gaps that continue to be carried forward into
the October 2016 revision are the limitations of the in vitro
release testing methodology, since no changes were made in
this requirement since the February 2016 version. These have
been discussed in earlier sections and are mainly due to lack
of appropriate methodology given the current state of scientific
understanding in this field. Given the complexity of the disease
and its ocular distribution, the very short time that the drug is
in contact with the target tissues, and the complex multiphase
formulation, currently there is no valid in vitro release test that
would be predictive of clinical performance.

While the updates to the draft guidance for cyclosporine emulsions
seem to be acknowledging the complexity of ophthalmic emul-
sions with expectations of additional physicochemical character-
ization to show equivalence, a clear link to in vivo performance
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is still missing and the robustness of the characterization methods

have not been addressed. Therefore, the following must be

considered for Q1/Q2 cyclosporine emulsions to demonstrate

equivalence to RESTASIS®:

e In vitro drug release methods that can be linked to in vivo
performance

e Robust emulsion physicochemical characterization methods that
provide meaningful information on impact to in vivo performance

Conclusion

Ophthalmic emulsions are complex systems that are used
to deliver poorly soluble drugs to the eye, a complex organ
with potentially multiple target tissues, to treat complex dis-
eases. The case study of RESTASIS® described here discusses
the category of ophthalmic emulsions as NBCD and describes
the unique challenges posed due to complexity of the dosage
form and the delivery site. The clinical performance of a com-
plex emulsion such as RESTASIS® may depend on how it is
formulated, manufactured, its mode of action, and its condition
of use. The clinical performance of a complex drug product
with localized delivery is expected to be a function of its physi-
cochemical properties, but the current state of science in this
area is not sufficient to demonstrate adequacy of the selected
properties. Based on the totality of evidence for RESTASIS®,
additional research is warranted to establish the relationship of
these in vitro methods to clinical performance.
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