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A NEW FRONTIER: SELF-ADMINISTRATION
OF LYOPHILISED, LARGE-VOLUME
SUBCUTANEOUS BIOLOGICS

In this article, Mehul Desai, PharmD, Vice-President of Medical Affairs, and
Daniel Waites, Director of Research and Development, both at Enable Injections,
discuss the pros and cons of lyophilisation for biologic injectable drugs, and how
Enable Injections’ enFuse device can provide an answer to the challenges of
self-injection of large-volume and lyophilised biologics.

Biologics are the mainstay of therapy for
a growing number of diseases, as they
can provide more effective and targeted
treatment than traditional therapies.
These drugs are often composed of living
organisms or their by-products. The most
common format for a biologic drug is
a monoclonal antibody (mAb). Biologics,
specifically mAbs, can be bioengineered
to improve the safety, efficacy, half-
life, potency and other characteristics of
therapies, which makes them particularly
attractive to drug developers.

Since the approval of the first biologic
in 1986, the number of biologic drug
approvals and submissions has increased
steadily. Antibody drugs have taken the
spotlight with a steady growth in approvals
over the decades in both intravenous (IV)
and subcutaneous (SC) formats."? A review

‘Over a quarter of all mAbs
are lyophilised, which

is likely due to stability
challenges. Similarly,

many peptides are also
lyophilised due to their high
sensitivity to temperature
and shear forces.”
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by Strickley and Lambert published in 2021
shows that, of the 136 antibodies identified,
47 were SC (34.5%), 85 were IV (62.5%)
and the remainder used other delivery
routes (3%).! The review highlighted that
100 were a liquid solution (73.5%) and
36 were lyophilised (26.5%).

LYOPHILISATION — PROS AND CONS

Over a quarter of all mAbs are lyophilised,
which is likely due to stability challenges.
Similarly, many peptides are also
lyophilised due to their high sensitivity to
temperature and shear forces. For example,
in antibody-drug conjugates (ADCs), the
linker is usually a peptide, so in order to
minimise the instability associated with
the linker, all US FDA-approved ADCs
are lyophilised.’> Given the complexity of
mAbs and their sensitivity to changes,
bioengineering to  improve  mAb
characteristics can often come with physical
stability challenges.

mAb  drugs are susceptible to
conformational changes, protein
aggregation and other stability issues.
These issues can be caused by changes
in temperature, the addition of certain
excipients and buffers and other factors.
These obstacles are exacerbated when
trying to create a highly concentrated
format, since protein aggregation is
concentration dependent. Trying to develop
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Figure 1: The enFuse® ST system is
designed for flexibility and is ideal for
dose-finding clinical studies where the
dosage has not been determined.

Figure 2: The enFuse® VT system
allows the user to insert the vial into
the transfer system and the contents
to transfer completely without further
user input, making it ideal for a range
of administration settings, from the
clinic to the home.

a high-concentration, low-volume mAb
formulation for SC injection is possible;
however, it can be time- and labour-
intensive, which can delay the clinical trial
timeline. If a high-concentration liquid
formulation is successfully designed for
all characteristics except aggregation, then
lyophilisation may be the best approach.*
In addition to
formulation process, lyophilisation can also

its benefits on the
simplify shipping and handling of drugs by
eliminating the need for cold chain storage
and reducing the weight and volume of the
drug. Since lyophilisation removes water
from the product, it can also increase the
shelf life of drugs as the lack of water creates
a challenging environment for microbial
growth and chemical reactions.
However, while lyophilisation
can solve stability issues, it can

o downstream

have negative
implications pertaining to patient
preference, drug wastage, delivery
device selection (if SC delivery is desired)
and human risk factors. The need
for a diluent for a lyophilised drug adds
complexity and the reconstitution process
introduces increased time requirements and
the potential for human error into the
process, which is especially impactful if
patient self-administration is the goal.
This additional step makes delivering
lyophilised drugs with standard syringes
and autoinjectors challenging for self-
administration.

This leads manufacturers to options that
limit SC delivery volumes (<5 mL), such as
complex dual-chamber syringes. Because
these dual-chamber syringes use a new
storage container for the drug, changing
away from the original vial, the developer
must go through primary container testing.’

In other words, because the drug is

now being stored in the syringe

chamber and not in the vial,

\ additional work must be done

’ on the new container, which is
cost- and time-intensive.

While lyophilisation of high-
concentration formulations is a
viable strategy to reduce the risk of
aggregation, aggregation risk may also be
mitigated by reducing the concentration
the of the
formulation. Reducing concentration and

and increasing volume

increasing volume would typically result
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in a drug formulation in the 5-25 mL
range. There is a common, unsubstantiated
belief that volumes this high cannot be
administered subcutaneously without

a permeation enhancer. However,
large-volume SC biologic drugs, such as
SC immunoglobulin (25 mL per site on the
abdomen), and evolocumab (3.5 mL) were
approved and successfully administered
for years prior to the introduction of
permeation enhancers.

In recent years, multiple large-volume
SC drugs have been approved and are
without

successfully  administered

a permeation enhancer, including
pegcetocoplan (20 mL), ravulizumab (7 mL),
rozanolixizumab (3-6 mL), and others
still in development. While permeation
enhancers may increase absorption, they
have not demonstrated a significant impact
on bioavailability in prospective human
trials." Delivering these drugs via a syringe,
in combination with hyaluronidase, does
not allow for patient self-administration
and has led to musculoskeletal issues in
nurses after repeated administration.'
When considering the large volume of
5-25 mL in the context of patient self-
administration, only two delivery options
exist: Enable Injections’ enFuse® or a SC
syringe pump. enFuse is the first purely
mechanical on-body delivery system with an
original container closure and flexible dosing
capability and, in a recent study, enFuse
demonstrated unanimous patient preference
in all surveyed patients versus a SC syringe
pump. Patients stated their outstanding
preference for the enFuse was due to ease-
of-use, increased mobility during infusion,
reduced setup time and reduced pain at the
injection site.!” If lyophilisation is necessary
for the structure of the drug, or if the
other benefits of lyophilisation are desired,
the enFuse has multiple modalities that are
designed to enable self-administration of
lyophilised large-volume SC biologics.

The enFuse system consists of an on-body
delivery device coupled to a transfer system,
provided to the end user in sterile packaging.
The enFuse transfer systems currently
consist of a syringe transfer (ST) system
(Figure 1) and a vial transfer (VT) system
(Figure 2). Additionally, a dual vial transfer
(DVT) system is currently in development to
support other large-volume SC applications,
including lyophilised biologics (Figure 3).
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Figure 3: The enFuse® DVT system is in development to provide a method for
mixing, reconstituting and transferring lyophilised formulations with minimal
user input, and to allow flexibility in the site of administration, from in the clinic

to self-administration at home.

The ST system uses a prefilled syringe
or a user-filled syringe to transfer the drug
product into the enFuse. The user presses
down on the syringe to initiate the transfer.
In contrast, the VT system has the user
insert a single vial into the system, after
which the drug product is automatically
transferred into the enFuse. This provides
optionality, as manufacturers can choose
the system that best suits the needs of their
patient population. Both systems can be
used for self-administration of lyophilised
drug products.

The lyophilised drug product would be
reconstituted according to the drug product’s
instructions for use. Once reconstituted,
the drug product would be transferred to
the enFuse using the appropriate system.
The ST system is used for drugs reconstituted
in a syringe, while the VT system is
used for drugs reconstituted in a vial.
No changes to the original container closure
or additional preparation steps are required
aside from insertion into the transfer device.
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Leveraging the enFuse system for delivery
of SC lyophilised drugs offers several
benefits, including ease-of-use, a hidden
needle and hands-free delivery, designed to
allow patients to perform light-to-moderate
activities during injection.

THE FUTURE — THE ENFUSE
DUAL VIAL TRANSFER SYSTEM

As more and more therapies move away
from the clinic to lower cost sites of care
(home infusion or self-administration),
innovations in drug delivery need to
allow self-

incorporate designs that

‘Manufacturers can
choose the system that
best suits the needs of
thelr patient population.”

Enable Injections

"The enFuse DVT system
1s designed to provide a
simpler solution to the
reconstitution step,

which 1s the largest
source of error among
patients self-administering
lyophilised drugs.”

administration at home by the patient.
The novel enFuse DVT system focuses on
this for lyophilised drug products with
large SC drug volumes. The enFuse DVT
system is designed to provide a simpler
solution to the reconstitution step, which is
the largest source of error among patients
self-administering lyophilised drugs.'®
During the reconstitution step, patients are
often confused by the number of steps and
supplies, which contributes to instructions
for use deviations and sterility breaches.!®
The enFuse DVT system is designed to
simplify the process, such that the user feels
comfortable preparing and administering
their own therapies with confidence. The
enFuse DVT system incorporates the same
philosophy of administration as the enFuse
VT system, but includes two vial insertion
points, as shown in Figure 3. In the case
of a lyophilised drug, one vial slot would
include the lyophilised drug product and
the other vial slot would include the diluent.
Once filling is complete, the user removes
the enFuse® delivery device from the transfer
base, places it on the abdomen and presses
the button to begin SC delivery.
Lyophilised drugs require reconstitution
at the time of use, adding additional
preparation steps and complexity for the
user; however, by using the enFuse DVT
system, the process of reconstitution and
administration can be simplified.

ABOUT THE COMPANY

Enable Injections is a global healthcare
innovation company that develops and
manufactures drug delivery systems
designed to improve the patient experience.
Enable’s body-worn enFuse® device delivers
high-volume pharmaceutical and biologic
therapeutics via SC administration, with the
aim of improving convenience, supporting
superior outcomes and advancing healthcare

system economics.

www.ondrugdelivery.com 39


https://www.ondrugdelivery.com

REFERENCES

Strickley RG, Lambert W],

“A review of Formulations of 8.
Commercially Available Antibodies™.

] Pharm Sci, 2021, Vol 11(7),

pp 2590-2608.

Sanchez-Félix M et al, “Predicting
bioavailability of monoclonal

antibodies after subcutaneous 9.
administration: Open innovation

challenge”. Adv Drug Deliv Rev,

2020, Vol 167, pp 66-77.

Cho E et al, “Stability of antibody

drug conjugate formulations

evaluated using solid-state
hydrogen-deuterium exchange mass
spectrometry”. | Pharm Sci, 2021,

Vol 110(6), pp 2379-2385. 10.
Davagnino |, Gabrielson JP,

“Developing Lyophilized

Formulations for Protein

Biopharmaceuticals Containing

Salt that Produce Placebos of

Corresponding Appearance”.

J Pharm Sci, 2022, Vol 111(10),

pp 2930-2937. 11.
Werk T et al, “New Processes for
Freeze-Drying in Dual-Chamber

Systems”. PDA | Pharm Sci Technol,

2016, Vol 70(3), pp 191-207.

Locke KW, Maneval DC, LaBarre

M] “ENHANZE?® drug delivery

technology: a novel approach to
subcutaneous administration using
recombinant human hyaluronidase 12.
PH20”. Drug Deliv, 2019,

Vol 26(1), pp 98—106.

Wasserman RL et al, “Recombinant

human hyaluronidase-facilitated
subcutaneous infusion of human
immunoglobulins for primary

immunodeficiency”. | Allergy Clin 13.

Immunol, 2012, Vol 130(4),

pp 957-957.

Duco MR, Murdock JL, Reeves D],
“Trastuzumab/Hyaluronidase-oysk:
A New Option for Patients With

HER2-Positive Breast Cancer”. 14.

Ann Pharmacother, 2020, Vol 54(3),
pp 254-261.

Quartino AL et al, “Population
pharmacokinetic and exposure-
response analysis for trastuzumab
administered using a subcutaneous
“manual syringe” injection or

intravenously in women with 15.

HER2-positive early breast cancer”.
Cancer Chemother Pharmacol,
2016, Vol 77(1), pp 77-88.
Hourcade-Potelleret F et al,

“Use of a Population
Pharmacokinetic Approach for

the Clinical Development of a 16.

Fixed-Dose Subcutaneous
Formulation of Trastuzumab”.
CPT Pharmacometrics Syst
Pharmacol, 2014, Vol 3(1), eS87.

Tan AR et al, “Fixed-dose 17.

combination of pertuzumab and
trastuzumab for subcutaneous
injection plus chemotherapy in
HER2-positive early breast cancer
(FeDeriCa): a randomised, open-label,
multicentre, non-inferiority,

phase 3 study”. Lancet Oncol,

2021, Vol 22(1), pp 85-97. 18.

Luo MM et al, “Exposure-Response
and Population Pharmacokinetic
Analyses of a Novel Subcutaneous
Formulation of Daratumumab
Administered to Multiple Myeloma
Patients”. | Clin Pharmacol, 2021,
Vol 61(5), pp 614—627.

Enable Injections

Morcos PN et al, “Pharmacokinetics
and pharmacodynamics of single
subcutaneous doses of tocilizumab
administered with or without
rHuPH20”. Int | Clin Pharmacol
Ther, 2013, Vol 51(7), pp S37-548.
Abdallah H et al, “Pharmacokinetic
and Pharmacodynamic Analysis

of Subcutaneous Tocilizumab in
Patients With Rheumatoid

Arthritis From 2 Randomized,
Controlled Trials: SUMMACTA and
BREVACTA™. ] Clin Pharmacol,
2017, Vol 57(4), pp 459-468.
Dolton M] et al, “Safety, Tolerability,
and Pharmacokinetics of High-
Volume Subcutaneous Crenezumab,
With and Without Recombinant
Human Hyaluronidase in Healthy
Volunteers”. Clin Pharmacol Ther,
2021, Vol 110(5), pp 1337-1348.
Ammor W et al, “5PSQ-151
Optimisation of the subcutaneous
administration of daratumumab”.
Eur ] Hosp Pharm, 2022, Vol
29(Suppl 1), Article 165.
Wasserman RL et al, “Systemic
IgG exposure and safety in patients
with primary immunodeficiency:

a randomized crossover study
comparing a novel investigational
wearable infusor versus the Crono
pump”. Immunotherapy, 2022,

Vol 14(16), pp 1315-1328.
Franzese C et al, “The burden of
at-home preparation of lyophilized
parenteral medications: an analysis
of contributing factors and
implications for chronic disease
patients and caregivers”. Expert
Opin Drug Deliv, 2019, Vol 16(3),
pp 187-198.

ABOUT THE AUTHORS

Mehul Desai, PharmD, MBA, serves as Vice-President of Medical Affairs at Enable Injections. His experience includes development
and execution of tactical plans, driving strategic direction through key opinion leader insights, supporting clinical trial execution and
contributing to business development activities across various therapeutic areas. His background includes being the Associate Medical
Director for the haematology franchise at argenx. Prior to this, his experience included field medical assignments in rare disease for
haematology at argenx, haematology/nephrology at Alexion, and nephrology/neurology at Mallinckrodt Pharmaceuticals. Dr Desai
holds a Bachelor’s degree in Biochemistry and Business Foundations from Indiana University (Bloomington, IN, US); a PharmD from
Purdue University (West Lafayette, IN, US); and an MBA in Pharmaceutical and Healthcare Business from the University of the Sciences
(Philadelphia, PA, US).

Daniel Waites, PE, serves as the Director of Research and Development at Enable Injections, leading the innovative programmes and future
development of the enFuse, from reconstitution to connected healthcare. Mr Waites has over 18 years of experience in medical device
development and currently supports all due diligence processes and feasibility programmes with potential and current partners. Mr Waites holds
a Bachelor’s degree in Mechanical Engineering from the University of Cincinnati (OH, US) and is a licensed professional engineer.

www.ondrugdelivery.com Copyright © 2023 Frederick Furness Publishing Ltd


https://www.ondrugdelivery.com

The dawn of

a hew day In
self-administration

Is here.

Enable Injections’ innovative enFuse®
technology is designed to improve
the patient experience.
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The investigational enFuse® system
has not been approved for use by

any regulatory agency and is currently
not approved for commercial use.
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