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Pharmaron is a premier R&D service provider for the life sciences industry that offers a broad spectrum of research,

development and manufacturing service capabilities throughout the entire drug discovery, preclinical and clinical
development process across multiple therapeutic modalities, including small molecules, biologics and CGT products.




Abstract

Novel drug delivery systems offer impactful solutions to improve upon existing pharmaceutical products. These deliv-
ery systems often lead to enhanced bioavailability as well as improved systemic and local safety profiles. In addition,
assessing alternative delivery methods for existing drugs or biosimilars can benefit from efficient regulatory approval.

Here we discuss the importance of preclinical models in the evaluation of novel drug delivery systems, including
toxicology, pharmacokinetics and dynamics, and patient considerations. The correct pharmaceutical assays must be
carefully considered in order to help inform decision making in drug development from candidate selection to prepa-
ration for clinical trial. We highlight the need to match preclinical development strategy with the right model systems,
from in vitro cell monolayers to in vivo animal models of specific disease states. Novel ocular delivery systems are
discussed in this context.

Drug dissolution and permeation

There are great costs involved in taking new pharmaceutical products to market. Developing novel drug delivery
systems (NDDS) for existing products offers an alternative approach to improving therapeutic action. A drug delivery
system is the method for administering therapeutic agents to their target site [1].

Streamlined approval for 505(b)2

Gaining regulatory approval for a novel drug delivery system of an existing, FDA-approved product can benefit greatly
from fast-tracked approval. Traditional new drug applications (NDAs) that fall under the 505(b)1 procedure require
full safety and efficacy reports to be conducted solely by the applicant [2]. In contrast, novel drug delivery systems
are able to be approved via the 505(b)2 route. The major benefit to this is the inclusion of safety or efficacy informa-
tion not generated by or for the applicant. Thus, NDAs for new drug delivery systems can ‘piggy-back’ off data from
original 505(b)1 applications or published work to streamline the application process.

Improved patient compliance

Patient non-compliance represents a serious barrier to therapeutic efficacy, and was estimated to cost the US $528.4
billion in 2016 [3]. As such, it represents a major consideration in drug development. Though intravenous injection
is a popular route of administration (ROA) due to its fast-acting and reliable pharmacokinetic profile, injection routes
have significant barriers to patient compliance and satisfaction. Oral and intra-oral administration routes, such as
sublingual (under tongue) or buccal (between the gums and cheek), offer improved compliance but place additional
barriers to bioavailability (e.g. poor absorption, rapid first-pass metabolism) [4]. New formulations can help over-
come these barriers, improving patient compliance whilst maintaining pharmacological efficiency.

Decreased administration frequency

Frequency of administration is a major factor in patient non-compliance. Route of administration and improved drug
formulation can help reduce dosing frequency, through altering the pharmacokinetics of the active compounds, lead-
ing to slow-release, long-acting drugs.
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Improve safety profile

Many drugs come with undesired side effects. Understanding where these come from and acting to minimize their
impact goes a long way to streamlining regulatory success and improving patient satisfaction. Side effects can arise
from formulation components, interaction between active compound and ROA-specific tissues (e.g. skin irritation)
and toxins generated from drug metabolism. Nanomedicine delivery systems (e.g. liposomes) have seen success in
lowering toxicity and enhancing site-specific delivery, such as liposome- mediated delivery of Irinotecan for treat-
ment of colon cancer [5].

Improved PK-PD profiles

As mentioned, different ROAs have broadly different pharmacokinetic-pharmacodynamic (PK-PD) profiles that will
determine the range of pharmacological profiles any specific drug will fall within. However, a better understanding of
the nature of drug fate within the ROA can lead to dramatic improvements in profiles within this range.
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Drug dissolution and permeation

Oral administration represents the most common ROA for pharmaceuticals [6]. Solid formulations have high levels of
drug stability and dosage accuracy, as well as being cheap to produce. However, the bioavailability of orally admin-
istered drugs vary significantly based on factors including: solubility, stability in the Gl tract, absorption by intestinal
epithelia, first-pass metabolism and reabsorption rates [7]. Thus, there is a need for models to assess the pharmaco-
kinetics of orally administered drugs as a proxy for in vivo bioavailability.
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Caco-2 monolayers are a simple model of the intestinal epithelial cell layer derived from a human colon carcinoma
line [8]. They are primarily used for assessing bi-directional absorption/reabsorption across the monolayer, and efflux
mechanisms interrogated using P-gp and BCRP inhibitors. The system can be refined to assess effects of altered intes-
tinal fluid properties (e.g. pH). Pharmaron has used Caco-2 monolayers to further evaluate impact of food viscosity
on dissolution and permeation of the active pharmaceutical ingredient (API) [9].

Excised tissue assays have physiological tissue architecture and retain many physiological parameters (pH, enzymes,
mucus layer) [10]. Ex vivo skin and corneal models have also become a popular means of assessing kinetics of both
dermal and ocular topically applied drugs, where they have been used by Pharmaron to evaluate drug accumulation
in specific corneal and skin layers and skin dryness.

Intestinal perfusion is an in situ assay using an anaesthetized animal model, typically rat, to assess drug uptake along
defined sections of the Gl tract. The system facilitates many of the same end points of drug absorption, transport-
er-specific uptake/efflux, and formulation efficacies of simpler systems in a physiological context.

Benefits of in vivo systems

In vivo models remain the gold standard for assessing safety and bioavailability for NDDS, and are a prerequisite for
understanding how a drug functions in a living organism prior to clinical trials. /n vivo models provide the most accu-
rate assessment of drug pharmacokinetics and incorporate processes such as first-pass metabolism by the liver, drug-
drug interactions and drug excretion [11]. Whilst in vitro toxicology screens are useful in candidate selection stages
of drug discovery, proper assessment of toxicology, tolerability and dosing regimens require fully intact biological
systems [1]. Another major advantage of in vivo systems is the accurate representation of organism-level states that
have important implications for drug function. /n vivo models of disease states can incorporate systemic changes that
alter drug behavior- in vitro drug discovery for tumor metabolism has had poor translation in clinical trials, in part due
to compensatory functions of the tumor microenvironment [12].

Animal models can be used to evaluate the impact of fasting, circadian or behavioral states (stress, tiredness, etc) on
drug response. Figure 2 shows a study conducted by Pharmaron on the impact of fasting on bioavailability of a target
compound in male beagle dogs. The test product (a nanocrystalline suspension) improved bioavailability over the
reference product, and lowered the impact of feeding state.
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Figure 2: Comparison of Sorafenib con-
centration after oral administration
of a test vs. reference product in fed
(high-fat diet) and fasted conditions
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Ocular delivery systems

The eye is a common site of pathology that presents unique challenges with regards to drug delivery. Ocular pathol-
ogies can occur at different sites in the eye and delivery systems must be developed to optimize bioavailability at
the local sites [13]. The two most common target sites are anterior segment (outer eye conditions: cataract, corneal
wound, and dry-eye disease) and posterior segment (back-of-eye conditions: age-related macular degeneration and
diabetic retinopathy). These sites have different barriers to bioavailability that can severely impair the effectiveness
of treatment. Recently, novel ocular drug delivery systems have been established to overcome many of these issues.

Anterior segment disorders are typically treated with topical application of therapeutic agents (drops, gel suspen-
sions). These face both static (e.g. corneal epithelium, blood aqueous barrier) and fluid (e.g. tear dilution, blinking)
barriers that limit bioavailability. Thus, mechanisms for increasing precorneal residence of drugs to offer sustained
release are required. Cyclodextran nanoparticles are cyclic oligosaccharides that form complexes with hydropho-
bic drugs to enhance corneal residency and reduce inflammation [5, 14]. High residency-slow release properties of
nanoparticles can also reduce dosing frequency [15].

Back-of-eye conditions normally require drug injection to the target site. Intravitreal injection of anti-VEGF drugs to
target choroidal neovascularization has been a fruitful area of development since the first VEGF aptamer (Macugen)
was FDA approved in 2004 [16]. Whilst effective, injection methods are still invasive and require high frequency
dosing regimens. Ocular devices are providing alternative methods for delivering drugs to the posterior segment of
the eye, such as intravitreal implants composed of biodegradable materials. The DurasertTM technology system was
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used to produce the first intravitreal delivery system for an antiviral drug (ganciclovir) in the treatment of cytomeg-
alovirus (CMV) retinitis [13].

At Pharmaron, we have a comprehensive range of preclinical in vivo ocular models to evaluate drug distribution,
safety, and efficacy. Our dedicated ocular team supports a wide selection of preclinical species and dose routes, and
expertise in a range of disease models including wet AMD, Glaucoma, Diabetic Retinopathy, Corneal Wound Healing,
and Keratoconjunctivitis Sicca. More recently, we have expanded our ophthalmic drug capacity to include evaluation
of cell and gene therapies from proof of concept to toxicology to biodistribution.

— Conclusions N

Novel drug delivery systems offer promising opportunities for enhancing therapeutic effectiveness of pharma-
ceutical products whilst benefitting from significant economic and regulatory advantages over new drug com-
pounds. Preclinical models are critical in guiding the development and selection of suitable delivery systems.
Understanding the benefits and limitations of in vitro, ex vivo and in vivo models in evaluating these systems is
vital. Pharmaron has over 35 years of experience in preclinical drug delivery services, with expertise across a
range of dose routes, disease models and pharmacological endpoints.
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