
32 INTERNATIONAL PHARMACEUTICAL INDUSTRY  Spring 2022 Volume 14 Issue 1

Drug Discovery, Development & DeliveryDrug Discovery, Development & Delivery

The Enigma of Topical Biologics Development

Traditionally, most marketed drugs, 
irrespective of their route of delivery, 
have had relatively low molecular 
weights. Nowhere has this been more 
markedly true than in topical drug 
delivery. Historically, it was thought 
that to successfully permeate healthy 
skin, molecules must be of less than 
500 Daltons, and must be moderately 
lipophilic (log P 1.0–3.5) with a low 
melting point and high potency. 
These rules, of course, were driven 
by the need to overcome the natural 
barrier function of the skin, which is 
designed to protect the body from 
physical, mechanical and chemical 
insult whilst further providing a barrier 
to endogenous water loss. The barrier 
function of the skin largely derives 
from the non-viable, thin (10–30 µm) 
cornified outermost layer, the stratum 
corneum. When intact, the stratum 
corneum provides the protective 
effects described above but also 
severely limits passive drug delivery 
across and into the skin. 

To date, 93% of approved topical 
products contain actives of below 600 
Daltons, with the remaining 7% all being 
within the range of 600–1,000 Daltons 
(Citeline, Pipeline Database). Furthermore, 
these larger molecules (500–1,000 Da) are 
generally for use on skin that may have a 
compromised barrier function because of 
localised disease such as psoriasis or atopic 
dermatitis. Prime examples of this are the 
calcineurin inhibitors, pimecrolimus (810 
Da) and tacrolimus (804 Da), that are used 
to topically treat atopic dermatitis. 

Dermatology is rapidly developing in terms 
of understanding of genetic associations 
with diseases, the consequences of gene 
mutation on protein expression, and small 
molecule signaling and metabolomics. 
Through these advances, molecular disease 
markers are supporting clinical decision-
making and differentiation of disease 
subtypes. As a result, personalised and 
precision-targeted therapies tailored to an 
individual’s pathophysiology are becoming 
more common. Consequently, emergent 

classes of active pharmaceutical ingredients 
are growing from small organic molecules 
to biomacromolecules such as monoclonal 
antibodies. 

These recent developments in drug 
discovery and medicinal chemistry, and the 
advances in genetic therapy and diagnostics, 
have resulted in an increasing number of 
new drugs that are macromolecular and 
biologic in nature, with molecular weights 
above 1000 Daltons.  This is reflected in 
how the number of biologics in the top 
ten drugs (by sales revenue) has increased 
over the last 5 years. It is important to 
note that the classification of a ‘biologic’ 
is a general term and can be used to 
reference proteins, peptides, antibodies, 
oligonucleotides, etc. where characterisation 
by Log P and molecular weight may be an 
oversimplification. For passive delivery 
to and across the complex barrier that is 
the skin, other physicochemical properties 
like molecular volume and conformational 
structure may also be key discriminators 
which, along with potency, may ultimately 
determine the chances of success of a 
topical biologic. Whilst rates of penetration 
into and permeation through skin of these 
macromolecules may be extremely low, 
their extremely high potency may still elicit 
pharmacological activity. 

Despite the generally held view in the 
scientific community that the passive 
delivery of biologics through intact skin 
is a significant challenge and that this is 
clearly reflected in the market, there are 
several instances in the published scientific 
literature claiming the successful topical 
delivery of macromolecules. Nevertheless, 
the potential for such biologics to be 
delivered topically across the skin rather 
than by injection remains a highly debated 
subject, and the lack of any marketed topical 
products where the active has a molecular 
weight of over 1000 Da. certainly supports 
the view that topical biologic delivery may 
not be possible. 

Whilst an in-depth discussion of all 
the published scientific literature that 
claims the successful topical delivery 
of macromolecules is not appropriate 
here, a critical evaluation of much of 

this literature suggests that some of the 
methodologies used are misleading and 
contain experimental artifacts that may be 
responsible for reaching the conclusions 
made. For example, many researchers have 
used animal models, such as rodents and/or 
minipigs, either in vitro or in vivo, to assess 
the passive delivery of large molecules. It 
should be noted that several of these studies 
have been shown to be misleading based on 
experimental design and validation, and/
or a lack of controls. The current lack of 
translation of such studies into successful 
clinical trials and/or marketed products 
further supports the current scepticism 
and has led to a large commercial and 
academic effort to find ways of disrupting 
the barrier function of skin through the use 
of physical and/or active techniques such as 
abrasion, microporation, magnetophoresis, 
ultrasound, iontophoresis, or the use of 
microneedles. 

Companies engaged in this type of 
research and development have come and 
gone in quite large numbers over the last 
twenty years, with hundreds of millions 
of dollars of speculative investment being 
spent with, as of now, little or no return.  
Nevertheless, the fact remains that some 
studies that appear to demonstrate the 
passive delivery of certain biologics to the 
skin cannot be so simply dismissed, with 
hypotheses around such delivery being 
linked to biologic specific physicochemical 
properties, structural conformation, potency 
and the lack of understanding of the barrier 
properties of diseased skin. 

 
Hyaluronic acid is a hygroscopic macro-

molecule widely used in topical formulations 
(Brown and Jones 2005). Recently, its 
uptake into human stratum corneum has 
been studied using Raman spectroscopy 
(Essendoubi et al. 2016). This polymer with 
molecular weight 20–50,000 Da penetrated 
into the stratum corneum and was visualised 
in the deeper skin layers, apparently in 
violation of the 500 Da rule. 

Short-interfering RNAs (siRNAs) offer 
potential tools to treat common skin 
disorders, but as negatively charged, 
hydrophilic and typically large (13–14 
kDa) molecules, their topical delivery is 
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challenging. However, using a range of 
penetration-enhancing strategies, including 
conjugation to SPACE-peptide coupled with 
an ethosome-based carrier, allowed delivery 
of the peptide into mouse skin (Chen et al. 
2014). Whilst naked siRNA does not appear 
to effectively enter the stratum corneum, 
chemical moderation not only improves RNA 
stability but can facilitate uptake into the 
tissue (Hedge et al. 2014). 

Aptamers are a relatively new class 
of oligonucleotide-based molecules that 
can specifically bind to target molecules 
including proteins or other cellular targets. 
Aptamers have been approved for the 
treatment of macular degeneration and new 
aptamers are in clinical development for 
cancer, haemophilia, anaemia and diabetes. 
Recently a new first in class RNA aptamer 
inhibitor of IL-23 for the topical treatment 
of psoriasis was developed and optimised 
(Lenn et al. 2018). The 62 nucleotide (20 kDa) 
aptamer had a high affinity and specificity 
for human IL-23 cytokine, and the use of a 
well-established, validated in vitro human 
skin model was shown to penetrate into and 
through intact human skin without physically 
disrupting the stratum corneum.  The 

biological activity from this topical delivery 
was confirmed in living ex vivo human skin 
shown through suppression of several key 
cytokines (IL17 and IL22) that are linked to 
clinical efficacy.

  
Whilst the primary research described 

above shows the potential for the dermal/
transdermal delivery of macromolecules, no 
single biological topical skin product has yet 
been approved for passive delivery across 
an intact barrier, despite the investment of 
millions of dollars into their development. 
This highlights the need for investment in, 
and regulatory acceptance of, new methods 
for early testing and de-risking of the 
development pipeline for topical biologics.

 
In recent years, there have been a 

number of novel pharmacological (PD) 
disease models developed using fresh 
human epithelia. Relatively simplistic skin 
infection models have existed for some time 
and are advantageous when working with 
larger, more complex biomacromolecules. 
For example, in a model where an organism 
is grown on agar beneath excised human skin 
(providing the barrier function), a simple zone 
of inhibition study can provide a biomarker 

for permeation and antimicrobial activity. This 
avoids the need for analytical methods (HPLC, 
LC-MS etc), which can be tricky with large 
biologics. More recent advances in these skin 
infection models utilise the ability to grow 
and culture organisms on or under the skin 
and accurately recover and quantify viable 
organisms after treatment. In these models, 
an organism most relevant and causative of 
the infection is introduced and grown under 
controlled conditions. The location of the 
organism within the skin can be controlled 
such that it closely resembles the clinical 
presentation. In addition to this, the barrier 
properties of the skin can be replicated and 
the ability of the drug or formulation to exert 
its pharmacological effect is then assessed 
using the measurement of a biological marker 
in the form of ATP, a direct indicator of cell 
viability, PCR or direct viable counts. This 
model has been advanced into living ex vivo 
skin which allows one to explore the effects 
of infection and consequent inflammatory 
responses from a range of local cell types for 
multimodal mechanistic studies. 

The ability to maintain ex vivo surgically-
excised skin alive in culture for over a 
month has opened up the ability to create 
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complex disease models (e.g. rosacea, acne, 
infected eczema, seborrheic dermatitis and 
infected wounds) where treatment effects 
may take more than a week to further de-
risk the development process for topical 
products including biologics. Although, as is 
common with other models, ex vivo human 
skin used in this manner lacks cell migration 
(infiltrate) and clearance from the circulatory 
and lymphatic system. Unlike models such 
as reconstituted human epithelium, it will 
contain resident immune cells (lympohyctes, 
dendritic cells and Langerhans cells) which 
have been shown to secrete inflammatory 
cytokines in these models. In addition, 
these explants can be artificially stimulated 
with specific mixtures to elicit biological 
responses, allowing the exploration of 
specific disease states. For example, the 
release of chemokines, antimicrobial 
peptides and keratinocyte differentiation 
biomarkers associated with clinical psoriasis 
can be analysed for changes in gene 
expression and protein production. Other 
areas of promise include other inflammatory 
skin diseases (e.g. acute and chronic 
atopic dermatitis), multi-mechanistic skin 
diseases (e.g. acne and infected dermatitis), 
wound healing, skin ageing, damaged and 
environmentally stressed skin as well as 
various skin infections (bacterial and fungal).

 
With increasingly sophisticated and 

sensitive assays being developed for 
varied macromolecules and given their 
high potencies and specificities (requiring 
low dosages at their therapeutic sites), 
it appears likely that greater numbers of 
these therapeutic agents will be developed 
for topical delivery in the coming years. 
However, the mechanism by which these 

agents could passively traverse the stratum 
corneum barrier remains unclear. Whilst 
delivery of these macromolecules through 
intact skin remains problematic, given their 
potency and that the skin barrier integrity 
is often compromised in diseased states, 
opportunities still exist to design topically 
applied formulations for these agents.

The topical delivery of biologics is 
clearly far from simple, and the technical 
and commercial landscapes of its history 
are both complex and controversial. The 
question as to whether large (and often 
very potent) biologics can be delivered 
to/through the skin effectively enough for 
clinical relevance remains unanswered. 
Nevertheless, by understanding this history, 
and deploying a pragmatic approach through 
the use of healthy and diseased human skin 
in-vitro permeation and penetration testing 
systems, in combination with skin disease 
pharmacodynamic models, it is possible to 
more effectively explore development in this 
space. Used together, these models provide 
an early understanding of the potential 
chances of success in later, more expensive, 
clinical evaluations. 
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