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With our Biologics Series returning to London this 
April, I’m delighted to look back on some highlights 
from the 2017 event and introduce some of the 
exciting additions and new features at this year’s 

Congress.

The 2017 Congress was our largest to date and bought 
together over 370 attendees to discover the latest solutions 
and technologies in protein, antibody & peptide discovery 
and development, and to discuss the current challenges and 
future outlook in this ever-growing and maturing field.

The Proteins and Antibodies programme enters its 11th 
year in 2018 and has become a sector leading event, also 
encompassing our co-located Peptides programme and 
biennial Biosimilars & Biobetters programme (both now 
entering their 5th year).

In 2018 the series will feature over 90 presentations 
across the three programmes. Our Proteins programme 
will cover key topics within Protein Engineering, Design & 
Selection, Antibody Engineering & Development, Cloning, 
Expression & Analytics AND a new focus on Manufacturing, 
Chemistry, Analytics & Control in Biotherapeutics. 

The Peptides agenda will be based on three core areas of 
Peptide Research, Analytics & Control, Peptide Discovery, 
Manufacturing & Delivery and Peptide Therapeutics.

WELCOME TO THE INAUGURAL EDITION OF 
OXFORD GLOBAL’S BIOLOGICS NEWSLETTER!
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Introduction

Our returning Biosimilars & Biobetters programme 
includes presentations on Manufacturing, BioAnalytics, 
Market Access Strategies, Opportunities and Commercial 
Challenges.

Alongside this we’re excited to introduce our Think Tank 
Roundtable Discussions & Breakfast, offering attendees 
the chance to take an active role in discussing and sharing 
perspectives on latest developments, challenges and industry 
advancements. 

The 2018 series will also see the launch of our Biologics 
Directors Club (offering leaders within the sector a range 
of exclusive benefits during the event) and our dedicated 
Event app, giving you the opportunity to easily connect with 
other attendees, access congress information, and share your 
experience with social posting and live polling.

Following a busy day of learning, networking and 
knowledge sharing, we’re also introducing a Congress Dinner, 
to follow the popular networking drinks reception. The 
evening promises good food, good wine & great company, 
and we hope you’ll leave our first day satiated in all senses!

Read on for a range of interesting interviews and 
insights with some of 2018’s industry-leading speakers and 
participating sponsors, and I look forward to welcoming you 
to the 2018 Series in April. - Chris Davies, General Manager
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For the full attendee list please contact
marketing@oxfordglobal.co.uk

WHO IS ATTENDING?

450+ antibodies, peptides and biosimilars & biobetters attendees representing global pharmaceutical 
organizations, leading biotech companies and internationally renowned academic institutions.

11TH ANNUAL 
PROTEINS AND ANTIBODIES 
CONGRESS

5TH ANNUAL 
PEPTIDES 
CONGRESS

5TH BIENNIAL 
BIOSIMILARS AND BIOBETTERS 
CONGRESS

VPs, Directors and Global Heads working in protein and antibody engineering, peptide discovery and 
therapeutics, and biosimilar and biobetter development.

These companies and many more:
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It’s not too late to join them!
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WEBINAR EXCERPT:
Q&A SESSION WITH
PROF. DOLORES J. 
CAHILL

What are the advantages of using an E. coli protein 
expression system over mammalian expression system?  

The main advantages are around cost, the E.coli protein 
expression system is much cheaper. It’s easier to use E. 
coli protein expression systems in high-throughput, so we 
developed automation systems to that in parallel and we can 
easily do this with one technician. This way we can express 
and purify 5,000 to 10,000 proteins in one batch in around 
2-3 weeks. Using automation systems using large numbers of 
E.coli expression clones, in parallel, means we can make many 
hundreds of high content protein arrays. With mammalian 
expression systems, it is much more time consuming to do it 
for tens of thousands of different proteins and the costs are 
much higher.

Do you get antibodies that are specific for one protein 
or are antibodies often against many proteins?

That’s a very interesting question. So what we see is that if 
you have a polyclonal antibody, like found in rabbit serum 
following immunisation, and the polyclonal antibody has 
been affinity purified against a particular protein, when we 
put those affinity purified antibodies and screen them against 
the high content protein array, the affinity purified polyclonal 
antibody will bind the specific protein. We have published this 
previously. In every case where we have a mouse monoclonal, 
for example, in almost all cases, the mouse monoclonal 
antibody has bound more than one protein on the array. 
We have previously published this and we have validated 
the results (as have many others). Sometimes monoclonal 
antibodies can bind up to 10 completely different proteins, 
and this binding of multiple different proteins has been 
validated and shown to be true.

these additional proteins are very useful for the improved 
diagnosis of autoimmune disease in those patients.

In autoimmune diseases, how many patients would have 
auto-antibodies to the most common protein antigen?

In the autoimmune diseases that we have studies, the top 1 or 
2 proteins would be found in 60%-65% of patients that have 
the autoimmune disease and these autoantibodies would not 
be found in healthy people. So about 60% -70% of patients 
with autoimmune disease would be positive to a particular 
protein. In cancer, autoantibodies are also present, but the 
percentage of cancer patients that have autoantibodies to the 
top protein, can be down to only 25-30% of cancer patients 
who would have an auto-antibody response to a particular 
protein. That makes the generation of diagnostics proteins 
and the validation of biomarkers and biomarker panels more 
difficult in cancer than in autoimmune diseases

Webinar Excerpt

The full webinar recording is available on our website: 
www.proteins-congress.com/webinar-recordings/

This was an excerpt from the free webinar, 
‘Therapeutic Potential of Antibodies & Advancements 
in Protein Science’.

Prof. Cahill’s area of research and innovation is in 
proteomics, high content protein and antibody arrays 
and, in addition, biomarker discovery and validation 
and in translational medicine.

Prof. Cahill’s research focuses on translating biomarkers 
to benefit patients, from gaining insight into disease 
mechanisms (Kivity et al., 2016) and improved diagnosis 
and in predicting patients th at will respond from a 
particular treatment (Christiansona et al., 2015). Other 
applications of her research comprise in depth analysis 
of interactions such as antibody-protein, drug-protein 
and nanotechnology-protein interactions (O’Connell et 
al., 2015) and expertise in assay development for the 
diagnostic and food industries (Beizaei et al., 2015).

Dolores J. Cahill, Professor of Translational Science, 
School of Medicine, Conway Institute of Biomedical 
& Biomolecular Research, University College Dublin

How many proteins are identified in the natural auto-
antibody repertoire?

In everybody, the natural auto-antibody repertoire binds 
to around 50 proteins. In healthy people, most of the auto-
antibodies that everyone has are against these 50 proteins. 
When people have an autoimmune disease, they have 
additional autoantibodies against additional proteins that are 
not found in healthy people. These autoantibodies against 
these additional proteins are associated with the autoimmune 
diseases and the presence of these autoantibodies against 

“When people have an autoimmune disease, 
they have additional autoantibodies against 
additional proteins that are not found in 
healthy people.”

the next  
medicine...
We’ll develop it together.

As a leader for contract development and 
manufacturing, we at Lonza Pharma & Biotech 
are recognized for our reliable, high-quality 
services, global capacity, innovative technology 
platforms, and extensive experience. Our broad 
capabilities span across biologics, small molecules, 
bioconjugates, and cell and gene therapies.  

We manage projects from pre-clinical stage 
through to commercialization, and our expertise 
covers both drug substance and drug product. 

We believe that the best outcome – for you and 
for your patients – can only come as a result of a 
successful collaboration. Together, we can solve the 
next challenge and bring your next medicine to life.

Visit pharma.lonza.com 
USA  +1 201 316 9200 
Japan  +81 (0)3 6264 0600  
Rest of world  +41 61 316 81 11  
Email  pharma@lonza.com

As a leader for contract development and 
manufacturing, we at Lonza Pharma & Biotech 
are recognized for our reliable, high-quality 
services, global capacity, innovative technology 
platforms, and extensive experience. Our broad 
capabilities span across biologics, small molecules, 
bioconjugates, and cell and gene therapies.  

We manage projects from pre-clinical stage 
through to commercialization, and our expertise 
covers both drug substance and drug product. 

We believe that the best outcome – for you and 
for your patients – can only come as a result of a 
successful collaboration. Together, we can solve the 
next challenge and bring your next medicine to life.

Visit pharma.lonza.com 
USA  +1 201 316 9200 
Japan  +81 (0)3 6264 0600  
Rest of world  +41 61 316 81 11  
Email  pharma@lonza.com

The Next Medicine 1017 – BioProcess International
Capabilities_Ad_BPI_final.indd   1 10/23/17   1:26 PM
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Insight Article

Attorney at Law, Pharmaceutical Law Group PC

Janice M. Reichert, Ph.D.

Executive Director, 
The Antibody Society 
& Editor-in-Chief, mAbs

janice.reichert@antibodysociety.org 
508 808-8311

MARKET EXCLUSIVITY 
ISSUES FOR BIOLOGICS AND 
BIOSIMILARS
GREGORY J. GLOVER, MD 

ANTIBODY THERAPEUTICS 
IN THE PIPELINE

Biologics are large molecule medicines made from living 
cells through manufacturing processes that are far 
more complex and costly than manufacturing processes 
for small molecule drugs. Biosimilars are analogous 

to generic drugs for biologics, and are approved if they are 
shown to be “highly similar” to an already approved biologic 
drug (known as an innovator reference product). Although 
biosimilars do not have any clinically meaningful differences 
in safety or efficacy from their innovator, they are not truly 
bioidentical. 

In the United States, Congress created the Biologics Price 
Competition and Innovation Act (BPCIA) with the intent to 
abbreviate the approval pathway for biosimilars in a way that 
is analogous to the abbreviated approvals for small molecules 
established in the Hatch-Waxman Act (HWA). Although the pro-
visions for biosimilars are similar to the provisions in the HWA, 
they are not the same. The differences in legal and regulatory 
structure arise from the fundamental inability of biosimilar 
manufacturers to make an identical copy of the innovator. 
These differences have a substantial impact on biosimilar 
approval requirements, patent and regulatory exclusivity 
provisions, and market dynamics.

Although the FDA has provided guidance to address some 
aspects of biosimilar approvals, it has adopted a “totality of 
evidence” approach to provide flexibility in the requirements 
for specific biosimilar applications. Accordingly, the clinical 
testing needed to demonstrate that a biosimilar is “highly 
similar” to the innovator will be determined case-by-case. 

BPCIA also provides a new approach to the patent and 
regulatory exclusivity provisions that govern the interaction 
of innovator and generic manufacturers in the HWA. For small 
molecules, the patent and regulatory issues are linked explic-
itly through provisions such as Orange Book patent listings 
and the 30-month stay of regulatory approval following the 
initiation of a patent infringement suit. There is no patent and 
regulatory linkage in BPCIA; regulatory approvals can proceed 
independently of any ongoing patent disputes. In lieu of the 
patent and regulatory linkage of the HWA, BPCIA provides for 
a highly complex patent information exchange process and 
related infringement litigation whose interpretation is still 
being disputed. In addition, the five-year (new chemical entity) 
and three-year (new product) exclusivities in the HWA have 
been replaced by a single 12-year reference product exclusivity 
in BPCIA. There is no independent exclusivity provided to the 
innovator for developing new indications/formulations. These 
differences in patent and regulatory exclusivity provisions will 
have a significant impact on product development strategies 
for biologics.

The market dynamics for biologics and biosimilars will also 
be different from brand-names and generics.  When a generic 
enters the market, the price for the drug drops substantially 

As part of our mission to inform and educate, The 
Antibody Society (www.antibodysociety.org) tracks the 
commercial clinical pipeline of antibody therapeutics 
and reports on trends in their development and 

approval. Antibodies are already a critical part of treatment 
regimens for many diseases. The number of new antibody 
therapeutics granted approvals each year in the United States 
or European Union has increased recently, and ~ 70 such 
products are now marketed in these regions. There remains, 
however, substantial need for new drugs, especially for cancer. 
The biopharmaceutical industry has responded to this need 
by expanding the clinical pipeline to include more highly 
innovative antibodies designed to have enhanced functional-
ity compared to the currently marketed products. Here, we 
present a brief overview of the clinical pipeline, with a focus 
on the antibodies for cancer, which can offer insight into which 
approaches may result in new drugs for patients in the future.

  The commercial clinical pipeline includes nearly 600 
antibody therapeutics in development for cancer, as well as 
immune-mediated disorders, cardiovascular diseases, and 
other pathologies. Canonical antibodies comprise the majority, 
but the clinical pipeline also includes a growing number of 
antibodies that function via innovative mechanisms of action, 
including antibody-drug conjugates (ADCs), bispecific antibod-
ies, and antibodies that modulate the responses of the immune 
system.    

 Composed of an antibody, a small molecule drug and 
a linker, ADCs are designed to deliver cytotoxic agents inside 
targeted cells, where the cytotoxin acts to kill the cells. To 
date, 4 ADCs have been granted marketing approvals, 3 for 
hematological malignancies and 1 for breast cancers that over 
express the human epidermal growth factor receptor 2 (HER2). 
Over 70 ADCs are currently in the clinical pipeline, and nearly 
all of these are being evaluated as treatments for cancer. While 
most of these ADCs are in early-phase clinical studies, 10 are in 
pivotal Phase 2 or Phase 3 studies. These ADCs include several 
undergoing evaluation in cancer patients for whom there are 
limited treatment options, such as those with HER2-positive 
gastric or gastroesophageal junction adenocarcinoma, small-
cell lung cancer, triple-negative breast cancer and glioblastoma. 
Positive results from the late-stage clinical studies may enable 
the submission of marketing applications for these ADCs in the 
near future.  

because the market switches to the less expensive generic 
version. Rapid market penetration for the generic arises 
partly because pharmacists are allowed to substitute generics 
for brand-name drugs, and pharmacists get paid more to fill 
the generic. The significant drop in overall price translates 
into savings for the consumer, encouraging greater use of 
the generic. There may be greater than a 60% reduction in 
innovator use and consumer cost in the first six months. The 
picture is very different for biologics and biosimilars.

As mentioned above, biosimilars are “highly similar” -- but 
not identical -- to their innovators. As a result, physicians might 
be reluctant to switch to biosimilars, particularly because 
biosimilars are often used to treat life-threatening diseases.  
Some have also raised concerns about possible issues with 
immunogenicity that might not be apparent until several years 
of use.  

Moreover, in order for pharmacists to substitute biosim-
ilars for innovators, biosimilars must be given an additional 
designation as “interchangeable.” None of the approved bio-
similars have been shown to be interchangeable. In addition, 
most biosimilars are never even filled by a pharmacist, because 
they are administered in a hospital or by a healthcare provider. 
Accordingly, the rapid and robust uptake of generics to the 
market due to pharmacist incentives will not exist for biologics. 

Finally, as described earlier, it is very difficult and costly 
to make biosimilars. Therefore, the price drop associated with 
a biosimilar coming onto the market will not be as significant 
as that for a generic small molecule. Nevertheless, the signif-
icant expense associated with some biologics might cause a 
physician’s practice to consider the biosimilar, particularly for 
patients just starting treatment. 

The differences in biosimilar approval requirements, 
patent and regulatory exclusivity issues, and market dynamics 
require innovator companies to adopt different strategies 
to manage the lifecycles of innovator biologics. Despite the 
uncertainties that remain, the biologics market for innovators 
and biosimilars will remain a significant source of growth for 
the pharmaceutical industry for the foreseeable future. The 
continued pursuit of innovative biologics and the development 
of the biosimilar market will produce a robust competitive 
market for large molecule drugs that is similar, but not the 
same as, the robust market between brand-name and generic 
small molecule medicines

As the name suggests, bispecific antibodies are designed 
to bind two different targets. The clinical pipeline includes ~ 70 
bispecific antibodies, nearly three-quarters of which are being 
evaluated as treatments for cancer. T-cell redirection is an 
innovative mechanism of action employed by over 30 bispecific 
antibodies in clinical development.  These molecules bind a T 
cell-specific antigen such as CD3 and a disease-specific antigen, 
typically on a tumor cell, thereby enabling the T cell to kill the 
targeted cell. This approach is exemplified by blinatumomab 
(Blincyto®), a tandem single-chain variable fragment targeting 
CD19 and CD3 approved to treat relapsed or refractory B-cell 
precursor acute lymphoblastic leukemia. The T-cell dependent 
bispecific antibodies in the pipeline are in early-phase studies 
of patients with numerous types of hematological cancers or 
solid tumors.

Antibody immune checkpoint modulators can be used to 
treat many types of cancer, which makes them highly attractive 
for biopharmaceutical development. For example, the approved 
antibody immune checkpoint modulators, which target only 3 
of the many proteins involved in either stimulating or inhibiting 
the responses of the human immune system, are treatments for 
melanoma, non-small-cell lung cancer, head and neck cancer, 
Hodgkin’s lymphoma, bladder cancer, gastric/gastroesophageal 
junction adenocarcinoma, renal cell cancer, hepatocellular cancer, 
Merkel cell carcinoma and colorectal cancer. More than 80 antibody 
immune checkpoint modulators sponsored by commercial firms 
are in clinical development. Most are in early development, with 
50 and 28 antibody immune checkpoint modulators undergoing 
evaluation in Phase 1 and Phase 2 clinical studies, respectively. 
Seven are undergoing evaluation in late-stage studies. If approved, 
availability of these antibody therapeutics would provide physicians 
with additional options for cancer patients.  

While the antibodies for cancer garner substantial 
attention, the commercial pipeline includes ~240 antibodies 
for non-cancer indications. Of these, most are in early-stage 
clinical studies, but over 20 are in Phase 3 studies. This late-
stage pipeline includes antibodies undergoing evaluation for 
prevalent diseases such as rheumatoid arthritis, but also for 
less common disorders, including thyroid eye disease, sickle 
cell disease, primary systemic amyloidosis, and primary 
hemophagocytic lymphohistiocytosis. As with the antibodies 
for cancer, those for non-cancer indications represent oppor-
tunities for new drugs for patients in need

Insight Article

The Antibody Society, an international, non-profit association representing individuals and organi-
zations involved in antibody-related research and development, collects information about targeted 
therapeutics developed by commercial firms from publicly available sources (e.g., press releases, 
company websites, meeting abstracts, published literature, clinicaltrials.gov, regulatory agency 
websites). Our data are cross-checked against databases generously provided by our corporate 
partners, including Hanson Wade’s Beacon Targeted Therapies and the Therapeutic Antibody 
Database. We report trends and metrics for antibody therapeutics development via the Society’s 
website, presentations and publications.

Please visit our website (www.antibodysociety.org) for more information.

Gregory Glover is an attorney and non-practicing 
physician who is one of the America’s leading experts on 
the complex intersection between FDA regulations and 

intellectual property. Greg works with pharmaceutical 
companies and investors on strategic issues related 
to product life cycles. He has testified on behalf of 
the pharmaceutical industry before both houses of 
Congress, the FDA, the Federal Trade Commission, 
and the Department of Justice. Greg’s expertise 
includes the patent and nonpatent market exclusivity 
provisions of the Drug Price Competition and Patent 

Term Restoration Act of 1984 (Hatch-Waxman 
Act), and analogous provisions of the 

Biologics Price Competition and 
Innovation Act (BPCIA). Greg’s 
educational background 
includes receiving an M.D. 
from Duke Medical School, 
a J.D. (cum laude) from 
Harvard Law School, and 
an A.B. (magna cum 
laude) in Biochemical 
Sciences from Harvard 
College.
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ABOUT TO COMMERCIALISE 
YOUR INVENTION? STOP!
DO YOU HAVE FREEDOM TO 
OPERATE?
DR. PHILIP WEBBER

Having your own patent does not mean that you can 
ignore other people’s patents. For example, you might 
have a patent on a specific compound, but another person 
might have an earlier patent which covers the whole class of 
compounds.  Or if you have a patent on a certain part of a 
process, there might be other patents which cover upstream 
or downstream parts of the process that you are planning 
to use.   

Therefore, before you start commercialising your 
invention, it is prudent to do a Freedom to Operate (FTO) 
search to try to find any relevant patents.  There are 
generally three stages to this:

(1) Define the product, process or method that you plan 
to commercialise in terms of keywords.  These keywords will 
be used to search the patent databases to try to find relevant 
patents.  You will also need to decide on which countries you 
are likely to make/use/sell your invention because you will 
need to search the databases of patents in those countries.

(2) Commission a patent search using the keywords you 
have selected.  The search should cover both patents and 
patent applications in the countries that you have selected. 
These searches are usually performed by specialist searching 
companies. 

(3) Analyse the results of the search. The number of 
“hits” that you get from your search will depend on how 
broadly your keywords were, on how many different 
countries’ patent databases you have searched, and on how 
many relevant patents are in those databases.  This analysis 
is usually done by a patent attorney.  All of the claims of all 
of the patents need to be carefully reviewed.  The claims of 
pending patent applications (which might later mature into 
patents) also need to be considered, as well as the likelihood 
of those patent applications actually being granted. Often 
the patents/applications are sorted by the patent attorney 
into “relevant”, “possibly relevant” and “not relevant” (or 

Insight Article

Patent Attorney, Dehns Patent 
and Trade Mark Attorneys, 
Oxford, UK

red, amber and green) bundles, indicating the level of risk 
associated with those patents/applications.  

 On the “relevant” (red) cases, further investigations 
might be needed.  The options to be explored here could 
include seeking a license under the patent, challenging the 
patent’s validity, designing around it or waiting until the 
patent expires.

 Whilst an FTO search might cost £500-£2500 
(depending on how exhaustive you want the search to be), 
the costs for the analysis will depend mainly on the number 
of patents (hits) which are found. (The more patents that 
are found, the more attorney-time it will take to analyse 
them.)  The analysis costs might therefore be up to £5,000, 
or higher.  

 Carrying out an FTO search and analysis can be a 
time-consuming exercise, but it is money well spent.  For 
example, it is surely much better to find out about relevant 
patents/applications before you invest $10 million in a new 
manufacturing facility. If you don’t, then you risk being 
sued by a competitor for patent infringement - and possibly 
having your new facility shut down!

“I HAVE PATENTS ON MY INVENTION. I DON’T 
NEED TO WORRY ABOUT OTHER PEOPLE’S 

PATENTS – DO I?”

YES, YOU DO!

Dr. Philip Webber, Patent 
Attorney, Dehns Patent 
and Trade Mark Attorneys, 
Oxford, UK

pwebber@dehns.com

Philip prosecutes patent 
applications in all areas 
of molecular biology and 
biochemistry including 
genomics,  proteomics, 
recombinant DNA and protein products, biosimilars, 
transgenic plants and animals, stem cells, diagnostics 
assays, virology and vaccines. Philip was a member 
of the Life Sciences Committee of the UK Chartered 
Institute of Patent Attorneys (CIPA) from 2001-2016 
and often gives presentations to university students 
and academics, as well as training junior patent 
attorneys. He has spoken at many European and UK 
conferences and on BBC Radio about the patenting 
of biological and biotechnological inventions, and 
has published a number of papers in this area. Philip 
joined Dehns in 1992.

Dr. Philip Webber will be expanding on this 
topic at our 5th Annual Biosimilars & Biobetters 
Congress. 
Hear his presentation ’Patenting Of Biosimilars 
And Biobetters’ in the stream ‘Market Access 
Strategies, Opportunities, Clinical Development 
And Commercial Challenges’.

All submissions will undergo vigorous
peer review process. 

Michael Hamblin
Principle Investigator, Dermatology,
Harvard Medical School, USA

Keiji Sugiura
Director, Environmental Dermatology &
Allergology, Daiichi Clinic, JAPAN

Paul J. Higgins
Director, Cell Biology & Cancer Research,
Albany Medical College, USA

Ichiro Kurokawa
Director, Dermatology,
Tsukaguchi Hospital, JAPAN

Journal is collaborated with many high professional
editorial board members. Please visit: www.enlivenarchive.org/
clinical-dermatology/index.php?content=editorial_board

High quality review process.
Permanent published archives.
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Open access - Maximum dissemination.
Un-interrupted author communication.
Standard author guidelines. 
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and safe modes of transfer.
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Unusual Presentation and Treatment of Basal Cell Carcinoma with Novel Drug Vismodegib
Authors: William J. Sanders, BS, and William E. Freeman, MD

Occupational Allergic Contact Dermatitis Caused by the Extracts of Crude Drugs
Authors: Mariko Sugiura, and KeijiSugiura

Nipple Inflammation: An Unusual Adverse Effect from Vemurafenib, A V600E BRAF Inhibitor during Off-Lable Treatment for 
Anaplastic Thyroid Carcinoma
AAuthors: Daniel G. Chong, Richard H. Schwartz, Robert A. Silverman

An Original Clinical Study on Photo-Sparing PityriasisRosea?" A Rare Variant of this Exanthem
Authors:Antonio Chuh MD FRCP FRCPCH, and Vijay Zawar MD DNB DVD FAAD

Enliven: Biosimilars and Bioavailablity is an
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QUESTION AND 
ANSWER SESSION WITH 
DR. MOHAMED 
ELSAYED

What are the key challenges in oral delivery of 
therapeutic peptides?

Peptides present an interesting class of molecules in 
terms of their size, physicochemical properties, stability, 
and mechanism of action. Unlike small molecules with a 
molecular weight less than 500 Da, peptides are larger in size 
and have intrinsically poor permeability across the intestinal 
mucosa. Peptides are also highly liable to degradation by 
gastric and small intestinal enzymes. Further, many peptides 
exhibit a pH-dependent solubility profile, which may not 
match the pH gradient established in the gastrointestinal 
tract. These properties collectively result in poor oral 
bioavailability of peptides and highlights the need for a 
combination of peptide engineering and novel formulation 
strategies to address these challenges. 

Glucagon-Like Peptide 1 (GLP-1) is an essential hormone 
released from the gastrointestinal tract in response to 
food intake. Through its interaction with its cognate 
cell surface receptor, the Glucagon-Like Peptide 1 

Receptor (GLP-1R), GLP-1 promotes the release of insulin from 
the pancreas, which regulates blood sugar.

Activating the GLP-1 receptor is one of the most important 
and highly validated mechanisms for treating Type 2 diabetes.

Several GLP-1 peptide agonists, with improved stability 
and duration of action compared to the native GLP-1 are 
already approved for managing Type 2 diabetes. These include 
derivatives of Exendin-4 as exenatide and liraglutide, which 
are resistant to degradation and renal elimination. However, 
these modified GLP-1 analogues are costly to produce and must 
be injected. Alternatives, such as small molecules or smaller 
peptides that could be administered orally would significantly 
simplify the treatment regimen for diabetics.

Notably, these smaller agents have been difficult 
to identify and develop, and none of them have 

yet been approved. To help with the design 
of small molecule agonists, at Heptares 
Therapeutics, we envisioned uncovering 

the detailed interactions taking place 
between GLP 1 and GLP-1R. 
To obtain that information, we 
solved the crystal structure of a 
smaller GLP-1 analogue (Peptide 
5) bound to GLP-1R using X-ray 
crystallography.

GLP-1R is a member of the 
class B secretin group of G protein-

coupled receptors (GPCRs), a family 
of structurally similar receptors 

for peptide hormones that 
transmit extracellular signals 
into intracellular signalling 
cascades. They consist of an 
extracellular domain (ECD) and a 
transmembrane domain (TMD), 
both of which are required to 

interact with their cognate peptide 
ligands and to regulate downstream 
signal transduction.

Speaker Q&A

Senior Research Advisor, 
Eli Lilly & Company 

Senior Scientist, Heptares Therapeutics Ltd.

Dr. Mohamed ElSayed, 
Senior Research Advisor, 
Eli Lilly & Company

Dr. Mohamed E.H. ElSayed is 
the Senior Research Advisor 
and Scientific Leader of the 
oral peptide delivery program 
at Eli Lilly and Company. 
He has spent +20 years of 
experience leading cross-
functional technical teams in 
academia and the pharmaceutical industry focusing on 
drug product development in oncology, inflammation, 
and diabetes. Before joining Lilly Biotechnology Discovery 
Research Organization in 2016, Dr. ElSayed was a tenured 
professor of biomedical engineering at the University 
of Michigan, Ann Arbor, where he established and 
led the Cellular Engineering and Nano-Therapeutics 
Laboratory. His research spanned multiple disciplines 
including biopharmaceutics, drug delivery, and material 
sciences with special emphasis on development of 
novel parenteral and oral formulations for small 
molecules, biologics, therapeutic nucleic acids, and 
ultrasound contrast agents. In addition, Dr. ElSayed has 
consulted for multiple pharmaceutical and biotechnology 
companies on challenging drug delivery problems. 
He published 3 patents, 48 research articles, +120 
conference proceedings, and delivered +50 invited talks 
in international conferences. Dr. ElSayed has a Ph.D. in 
Pharmaceutical Sciences from the University of Maryland 
and a B.Sc. of Pharmacy from the Cairo University, Egypt.

Mohamed ElSayed will be speaking at our 5th Annual 
Peptides Congress.

Hear his presentation ’Challenges And Opportunities 
In Oral Delivery Of Therapeutic Peptides’ in the 
stream ‘Peptide Discovery, Manufacturing And Delivery’.

What are the key strategies to enhance oral absorption 
of peptides?

Multiple strategies have been used to enhance 
oral absorption of peptides including the use of 
permeation enhancers, nanotechnology, and peptide/
device combinations. Currently, multiple combinations 
of permeation enhancers and peptidase inhibitors 
with therapeutic peptides have achieved sufficient oral 
bioavailability to elicit a pharmacological response. 
Ongoing preclinical efforts include the use of nanoparticles 
for encapsulation and delivery of therapeutic peptides 
relying on passive interaction with the intestinal mucosa 
or targeting transcytosis pathways like FcRn. The Robotic 
pill is an example of drug/device combination designed for 
enhancing oral delivery of peptides and proteins.

“There is an opportunity to leverage recent 
advances to develop customized delivery 
systems, significantly enhancing patient 
acceptance and compliance.”

Case Study

CRYSTAL STRUCTURE OF THE FULL-
LENGTH GLP-1 RECEPTOR BOUND 
TO A PEPTIDE AGONIST 
CÉDRIC FIEZ-VANDAL

< Ribbon representation of GLP-1R in complex with Peptide 5, as viewed from a 
plane parallel to the membrane (rainbow spectrum, blue to red = lowest to highest 
B-factors). Peptide 5 is shown in black and stick representation. 
Nature 2017 Jazayeri et al.

GPCRs’ natural flexibility, which is indispensable to their 
function, is the cause of their extreme instability when they 
are extracted from their native cell membrane environment. 
To obtain an X-ray structure of GLP-1R, we first had to 
thermostabilise the receptor using a radiolabelled, truncated, 
and modified version of the GLP-1 agonist peptide. The final 
thermostabilised GLP-1R contains eleven thermostabilising 
amino-acid substitutions, which enabled expression and 
purification of the receptor and locked it in an active 
conformation. Peptide 5 was designed in-house and despite 
being just one-third the length of the native hormone, it activates 
the receptor with comparable efficiency.

GLP-1R crystals with Peptide 5 were grown using the vapour 
diffusion method and the structure was solved by molecular 
replacement to 3.7-Å resolution. GLP-1R adopts an elongated 
conformation with the ECD extending away from the TMD. 
The latter defines a canonical seven transmembrane domain 
arranged similarly to previously published class B GPCRs and 
displays the same V-shaped central cavity. Further electron 
density for an α-helix was observed in the intra-helical cavity 
of GLP-1R and Peptide 5 was modelled sitting deeply within 
the receptor-binding pocket. The interaction surface between 
Peptide 5 and GLP-1R is extensive with the N-terminal natural 
and unnatural residues of Peptide 5 interacting mainly with 
residues in TMs 1, 2, 3 and 7 and the C-terminal unnatural 
residues lying in hydrophobic pockets formed between TM1 and 
TM2 and ECL1 and the ECD. Despite being shorter than GLP-1 
and interacting less extensively with the ECD, Peptide 5 still binds 
with very high affinity to GLP-1R. The reason for retaining such 
high binding affinity is likely due to the hydrophobic interactions 
involving the C-terminus of the peptide. On the cytoplasmic face 
of the receptor, the intracellular portion of TM6 markedly swings 
away from the central axis of the TMD by over 10-Å, indicating an 
active conformation similar to that observed in class A receptors.

Guided by this structural information, we have designed 
a series of shortened peptide agonists with improved 
pharmacokinetic properties and important insulinotropic 
activity, as demonstrated through in vivo diabetic mouse models.

In summary, this milestone structure not only increases 
our understanding of the general mechanism of agonist binding 
within the class B secretin group of GPCRs, it also demonstrates 
that structure-based methods can be applied to the design of 
optimised peptide therapeutics

What are the key opportunities in oral delivery of 
therapeutic peptides?

The promising clinical results of orally-dosed peptides 
renewed the interest in alternative routes of administration 
including oral delivery. There is an opportunity to leverage 
recent advances in peptide engineering, nanotechnology, 
and a better understanding of gut physiology to develop 
customized delivery systems that exhibit efficient and 
reproducible oral absorption of bio-therapeutics, which will 
significantly enhance patient acceptance and compliance
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While the Biologics Price Competition and Innovation Act (BPCI) was originally enacted under the Obama Administration as part of the 
Affordable Care Act, it appears that the Trump Administration will continue to take steps to promote and foster the development of 
biosimilars as part of a larger policy effort to make drugs and biological products more affordable for patients.  In particular, the Centers 
for Medicare & Medicaid Services (CMS) has established new payment and coding policies for biosimilars reimbursed by Medicare.  More 
recently, the Bipartisan Budget Act of 2018 includes a provision to reduce patient cost sharing for biosimilars under the Medicare Part D 
Prescription Drug Benefit.  

At the same time, the Food and Drug Administration (FDA) Commissioner Scott Gottlieb has also made approval of biosimilars under 
the BPCI a priority for FDA, noting that the “cost of prescription drugs is an ongoing concern, however, a growing market for potentially 
lower-cost biological products called biosimilars can offer more competition and options for patients.” To that end, FDA plans to release a 
Biosimilar Innovation Plan to streamline the regulatory process for the abbreviated licensure pathway for biosimilars established by BPCI, 
and improve incentives for biosimilar adoption this year.  These points were underscored by a recent White House report by the Council of 
Economic Advisors (CEA) advocating for the accelerated release of guidelines for demonstrating biosimilar interchangeability as a way to 
increase competition in the biological product space and lower drug prices. 

New Medicare Reimbrusement Policy Developments
Medicare to Establish Unique Codes for Each Biosimilars
There have been several significant developments for biosimilars reimbursement in the first year of the Trump Administration. For 
several years the manufacturers of innovator and biosimilar products have advocated for unique billing codes for each product 
approved by the FDA. Under the previous policy of the Obama Administration, newly approved biosimilars with a common reference 
product were grouped under the same billing code for payment purposes. For example, Inflectra and Renflexis, both of which are 
biosimilars of infliximab, had been assigned the billing code Q5102. As a result, the payment rates for these products were set based 
on a volume weighted average of the sale prices of each product.

In a rulemaking finalized in November 2017, CMS reversed course, finalizing a policy to assign Part B biosimilars individual billing 
codes. Agreeing with commenters, CMS reasoned that “this policy change will address concerns about a stronger marketplace, 
access to these drugs in the United States marketplace, provider and patient choice and competition.”  Effective January 1, 2018, 
newly approved biosimilars with a common reference product will be assigned individual codes. This will allow for an individual 
payment rate for each biosimilar, which will enable biosimilar manufacturers to develop their Medicare reimbursement strategy without 
concern that their product’s rate will be affected by other biosimilars with the same reference product. Effective April 1, 2018, Q5102 
will be replaced with two new codes, Q5103 for Inflectra and Q5104 for Renflexis.

Biosimilars Granted Pass-Through Status
Another payment policy established by CMS in November 2017 is also likely to benefit biosimilars, while potentially creating an 
unbalanced playing field for innovator biologicals. Under the Obama Administration, CMS allowed the first biosimilar for a particular 
reference biological to receive “pass-through” status in Medicare Part B. Pass-through status is a temporary payment status that 
manufacturers can apply for quarterly and which allows drugs to receive a temporary payment code and be paid separately at 
Average Sales Price (ASP) plus 6% in the hospital outpatient setting for up to three years. The goal of pass-through payment 
status is to help facilitate reimbursement and utilization of new innovative technologies. In November 2017, CMS under the Trump 
Administration expanded this policy to make pass-through status available to all biosimilars, not only the first one. 

However, in the same rulemaking, CMS also finalized major changes to its hospital outpatient payment policies for drugs purchased 
through the 340B Drug Pricing Program (a program which requires drug manufacturers to sell outpatient drugs to covered entities 
at significantly reduced prices).  The 340B program affects drug pricing for most major hospitals. Under the new 340B policy, CMS 
significantly reduced the payment for Medicare Part B separately payable, non-pass through drugs and biologicals purchased by 
hospitals through the 340B Program, from ASP plus 6% to ASP minus 22.5%, effective January 1, 2018. This represents a significant 
loss in revenue for those hospitals that qualify as cover entities under 340B.

CMS clarified that under this new policy, biosimilars with pass-through status would continue to be paid at ASP+6% in the 340B program.  
This policy could be a significant advantage to biosimilars, especially now that pass-through status will be available to all biosimilars 
instead of only the first one.  However, stakeholders are concerned because it creates an unbalanced playing field between biosimilars and 
reference products for the two to three years the biosimilar has pass-through status, during which the biosimilar would be paid at ASP+6% 
while the reference product is paid at ASP minus 22.5%.  Given this concern, the House of Representatives included a legislative provision 
in the Bipartisan Budget Act (BBA) continuing resolution in February 2018 to bar biosimilars from pass-through status.  This provision was 
not ultimately included in the budget agreement signed into law by President Trump. 

Biosimilars Added to Part D Coverage Gap Discount Program
Most recently President Trump signed into law on February 9, 2018 the Bipartisan Budget Act, which includes a provision to correct a 
longstanding gap in how patient cost sharing is calculated for Medicare beneficiaries using biosimilars.  Section 53113 of BBA amended the 
Medicare Coverage Gap Discount Program, which makes manufacturer discounts available to eligible Medicare Part D beneficiaries receiving 
applicable, covered drugs while they are in the “coverage gap” (commonly known as the “donut hole”) between the initial coverage phase 
and the catastrophic coverage phase of their plan.  Biosimilars are currently excluded from the Medicare Coverage Gap Discount Program.  
Section 53113 of the BBA, however, will end this exclusion effective for plan year 2019.    

FDA Developments on the Horizon in 2018?
U.S. regulatory policy was equally active over the past year at the FDA where the agency approved five biosimilars, with four approvals 
in the past six months.  This is a record high for FDA, which only approved the first biosimilar product in 2015, and to date has only 
approved nine biosimilar products since the new pathway was created in 2010. 

Expectations are that Commissioner Gottlieb will take additional action in 2018 to promote the development of biosimilars.  For 
example, in October of 2017, Commissioner Gottlieb announced an agency wide campaign to ensure health care providers “understand 
what these drugs are, and how they can help patients.” As part of these efforts, FDA conducted extensive research and planning to 
develop materials for provider education and outreach on the regulatory approval process for biosimilars, a new biosimilars agency 
website, and resources on the type of data and information FDA reviews as part of the biosimilar determination. FDA plans to continue 
to embark on additional research with health professionals to learn more about the type of information needed to properly communicate 
about biosimilars with patients.  Commissioner Gottlieb noted that educating prescribers and patients about biosimilars was needed, 
because “[a]n increase in market competition, offered by a growing complement of biosimilars, may lead to meaningfully reduced costs 
for both patients and our healthcare system[,] . . . thereby potentially improving access and promoting better public health outcomes.” 

Further, on January 11, 2018, FDA released its 2018 Strategic Policy Roadmap.  In the roadmap, the FDA stated that in 2018 it 
would advance a “Biosimilar Innovation Plan.”  This would include both steps to improve the efficiency of the regulatory process for 
development and approval of biosimilars, and improved incentives for the adoption of biosimilars. FDA Commissioner Scott Gottlieb has 
also indicated that the Biosimilar Innovation Plan will “facilitate claims of interchangeability.” On a related topic, in February of 2018, 
the White House released a report by the CEA on “Reforming Biopharmaceutical Pricing at Home and Abroad,” which proposed policy 
developments for biosimilars to spur the level of price competition seen with small molecule generic drugs. The February CEA report 
urged the acceleration of the timeline for developing interchangeability guidelines, stating that “[s]peeding up the issuance of final could 
add certainty and attract additional biosimilar applicants.” The report also argues for simplicity in these guidelines, stating that “[i]f 
these guidelines are relatively easy and inexpensive to adhere to, it could spur interchangeable applications and approvals, which could 
result in more effective competition . . . and lower prices.”  

Whether these efforts and other policy innovations continue to promote biosimilars competition as part of  
the FDA’s larger policy strategy to address the affordability of drug pricing will be a critical issue in 2018 and beyond.  

Recent Regulatory Developments  
in US Biosimilars Market
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Salipro® goes BiacoreTM systems: 
Detergent-free  analysis of 
membrane proteins

APPLICATION NOTE

Abstract
More than 60% of all current drugs target mem-
brane proteins. Structural and functional studies of 
membrane proteins as part of drug discovery efforts 
are limited however by their poor stability outside 
the native membrane environment. This instability 
represents a major challenge for the pharmaceutical 
industry. To overcome this problem, we developed the 
Salipro® system to stabilize these important mem-
brane proteins in a lipid environment. Here, in col-
laboration with GE Healthcare and EMBL Hamburg, 
we utilized the Salipro® lipid nanoparticle system for 
binding studies of membrane proteins using Biacore™ 
systems, in an entirely detergent-free environment. 

Introduction
Membrane proteins are of critical importance for the 
pharmaceutical industry, yet they are very challenging 
to solubilize and stabilize. While detergents represent 
the major means for solubilizing these proteins, they 
are often associated with protein instability and poor 
applicability in structural and biophysical studies. We 
previously demonstrated that the Salipro® system can 

reconstitute and stabilize membrane proteins in a lipid 
environment for structural and biophysical charac-
terization (Frauenfeld et al., 2016, Lyons et al., 2017). 
Membrane proteins embedded in the Salipro® system 
display increased thermostability and increased half-
life, making them more biologically relevant for use in 
drug discovery studies. In a recent report, the Salipro® 
system was used for functional studies of a GPCR with 
NMR where it was demonstrated that the half-life of 
this GPCR can be extended from 1.5 days (LMNG) to 
30 days (Chien et al., 2017).

The analysis of membrane protein interactions 
 presents various challenges: 
•	 For	membrane	proteins,	detergents	need	to	be	con-

tinuously present during purification and analysis. 
Detergents are by definition non-native environ-
ments that lack the essential lipids for membrane 
proteins. This may force the membrane protein into 
an inactive or unnatural conformation, leading to 
misleading results.

•	 Detergents	are	highly	dynamic,	with	detergent	
molecules shifting from monomeric states to large 

Detergent-free 
analysis
Salipro® lipid 
particles for 
binding studies 
of membrane 
proteins using 
Biacore systems.

BIOTIN
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micelles. This can create an unordered system that 
may affect the ligand binding behaviour during 
measurements.

•	 To	determine	protein-ligand	interactions,	one	of	
the binding partners is usually immobilised, and the 
other is introduced in solution. It is essential that 
immobilisation is performed in such a way that the 
native conformation and activity is retained.

One possible solution to these problems is the Salipro® 
system, which allows analysis of membrane proteins 
in a lipid environment, without detergents. Membrane 
protein – ligand interactions can be measured using 
surface plasmon resonance (SPR) biosensors such as 
Biacore systems. This technology allows the study of 
protein-ligand interactions in a rapid and label-free 
manner, ranging from measuring binding kinetics, 
 thermodynamics and epitope analysis.    

Here, we demonstrate how the versatile Salipro® 
 system can be used to characterize the kinetics of 
nano body binding to a membrane protein (T2 ion 
channel) in a detergent-free, lipid environment, using 
Biacore T200.

Results
Immobilization 
The ion channel T2 has previously been characterized 
in a detergent solubilized form using Biacore systems 
(Löw, C. et.al, 2013).	For	the	analyses	described	here,	
we first purified the T2 ion channel using HisTrap™, 
 Superdex™ and ÄKTA™ systems, and reconstituted 
the T2 ion channel into Salipro® particles, as described 
 previously (Frauenfeld et al., 2016). 

The resulting T2 membrane proteins in lipid Salipro® 
particles were then immobilized onto sensor chips 
using three different immobilization strategies and 
 detergent-free buffers: 

1  Untagged Salipro®-T2 particles immobilized on 
 Sensor Chip L1

2  His-tagged Salipro®-T2 particles immobilized using 
the His Capture Kit

3  Biotin-tagged Salipro®-T2 particles immobilized 
using the Biotin CAPture Kit

All three immobilization methods resulted in the  stable 
and reproducible capture of Salipro®-T2  particles 
	(Figure	1).	The	immobilization	on	Sensor	Chip	L1	oc-
curred via interactions of the Salipro®-T2 complexes 
and lipophilic groups on the sensor surface. His-tagged 
Salipro®-T2 particles were immobilized via capture of 
the His-tagged Salipro® scaffold protein and a pre- 
immobilized anti-histidine antibody on a Sensor Chip 

FIGURE 2 Immobilization of the Salipro®-T2 complexes via 
specific tags on the Salipro®-scaffold.

FIGURE 1 Stable and reproducible Salipro®-T2 particle cap-
ture using three different Biacore capturing methods.
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CM5 surface. Biotin-tagged Salipro®-T2 particles were 
captured to a streptavidin functionalized surface, 
Sensor	Chip	CAP	(Figure	2).	In	all	three	approaches,	
physiological conditions (PBS buffer, pH 7.4) were used 
for capture. Short injections at higher ligand concen-
trations (> 10 ug/ml) gave more reproducible data than 
longer injections at lower concentrations.

Note that for both the His-tagged and Biotin-tagged 
Salipro®-T2 particles, it is possible to immobilize the 
complexes via the Salipro® scaffold, without affecting 
the	membrane	protein	(Figure	2).	

Antibody binding
We evaluated binding of a type of antibody fragment 
called nanobodies to the Salipro®-T2 complex. These 
single-domain antibodies consist of a monomeric 
 variable antibody domain and like regular  antibodies, 
bind selectively to specific antigens. Recently, the 
 binding of several nanobodies to the T2 ion channel 
was characterized, albeit in a detergent-environment 
(Löw et al., 2013).

In this study, we characterized nanobody binding to 
the Salipro®-T2 ion channel in a detergent-free and 
lipid environment. Specifically, we evaluated binding of 
two nanobodies (N15 and N21), using a Biacore T200 
system, Biotin CAPture Kit and Salipro®-T2.

Nanobody binding studies were performed at 25 °C in 
PBS buffer supplemented with 0.5% BSA. As a con-
trol, lipid-only (empty) Biotin-Salipro® particles were 
immobilized on the reference flow cell. To estimate the 
binding kinetics/affinity of nanobodies N15 and N21, 
Salipro®-T2 was first captured to the streptavidin func-
tionalized Sensor Chip CAP and concentration series of 
the two nanobodies (N15: 3.12, 6.25, 12.5, 25 and 50 nM, 
N21: 6.25, 12.5, 25, 50 and 100 nM) were then injected. 
By varying the capture level in three separate experi-
ments, we verified the robustness of the kinetic/affinity 
data (Table 1). Data was reference and blank subtract-
ed. Data for the nanobody N15 was fit to a 1:1 model 
and showed good agreement to the model with minor 
heterogeneity. The N21 data could not be fitted to a 
kinetic model so instead a steady state affinity evalu-
ation was performed. Both N15 and N21 data were in 
the	expected	range	(Figure	3,	Table	1).

FIGURE 3 Biacore analysis shows reproducible nanobody 
binding to Biotin-Salipro®-T2

TABLE 1 Kinetic/affinity data obtained from 3 separate experiments  

Nanobody
ka

(1/Ms)
kd

(1/s)
KD

(nM)

N15 7.76E+05 2.09E-04 0.27

1.15E+06 1.66E-04 0.14

8.50E+05 2.18E-04 0.26

Löw et.al 1.96E+06 1.10E-04 0.057

N21 Affinity estimate 48

Affinity estimate 58

Affinity estimate 42

Löw et.al Affinity estimate 37
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Summary
We developed three different Salipro® immobilization 
strategies
•	 untagged	Salipro®-T2	particles	with	Sensor	Chip	L1
•	 His-tagged	Salipro®-T2	particles	with
 His Capture Kit
•	 Biotin-tagged	Salipro®-T2	particles,	with	
 Biotin CAPture Kit

Each immobilization strategy allowed stable and 
reproducible capture of Salipro®-T2 particles in a 
 detergent-free and lipid environment on Biacore sensor 
surfaces. This enabled Biacore analysis to determine 
nanobody binding profiles for the T2 membrane protein 
when incorporated in lipid Salipro® particles. 

The Salipro®-membrane protein particle can be teth-
ered to the surface via tagged versions of the Salipro® 
scaffolding protein. This way, the membrane protein is 
indirectly immobilized on the surface, without impair-
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