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Abstract: Subcutaneous (SC) delivery of biologics has traditionally been limited to fluid
volumes of 1-2 mL, with recent increases to volumes of about 3 mL. This injection volume
limitation poses challenges for high-dose biologics, as these formulations may also require
increased solution concentration in many cases, resulting in high viscosities which can affect
the stability, manufacturability, and delivery/administration of therapeutic drugs. Currently,
there are technologies that can help to overcome these challenges and facilitate the delivery of
larger amounts of drug through the SC route. This can be achieved either by enabling biologic
molecules to be formulated or delivered as high-concentration injectables (>100 mg/mL for
antibodies) or through facilitating the delivery of larger volumes of fluid (>3 mL). The SC
Drug Delivery and Development Consortium, which was established in 2018, aims to identify
and address critical gaps and issues in the SC delivery of high-dose/volume products to help
expand this delivery landscape. Identified as a high priority out of the Consortium’s eight
problem statements, it highlights the need to shift perceptions of the capabilities of technol-
ogies that enable the SC delivery of large-volume (>3 mL) and/or high-dose biologics. The
Consortium emphasizes a patient-focused approach towards the adoption of SC delivery of
large-volume/high-concentration dosing products to facilitate the continued expansion of the
capabilities of novel SC technologies. To raise awareness of the critical issues and gaps in high-
dose/volume SC drug development, this review article provides a generalized overview of
currently available and emerging technologies and devices that could facilitate SC delivery of
high-dose/volume drug formulations. In addition, it discusses the challenges, gaps, and future
outlook in high-dose/volume SC delivery as well as potential solutions to exploit the full value
of the SC route of administration.

Keywords: high-dose biologic, drug delivery technologies, subcutaneous drug delivery,
intravenous drug delivery, patient preference, large-volume subcutaneous delivery

Introduction

Biologics are a rapidly growing class of innovative treatments for many serious
diseases, such as cancer, metabolic disorders, cardiovascular conditions, genetic
disorders, and immunological diseases.” In contrast to synthetic small molecule
drugs, administration of efficacious doses of biologic agents is challenging due to
their intrinsic nature, including high molecular weight, physical and chemical
instability, and susceptibility to enzymatic degradation. Historically, most biologics
by default have been administered to patients parenterally, via the intravenous (IV)
route. While this is the quickest way to achieve desired drug levels in the blood
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with 100% drug bioavailability by definition, the IV route
typically requires the services of a trained healthcare pro-
fessional (HCP) for administration. As a result, the patient
and/or caregiver must make appointments and visit the
clinic in person which is time-consuming, inconvenient,
and often uncomfortable for patients who are being treated
for disorders requiring long-term and frequent administra-
tion. This increases treatment burden and adds to the over-
all cost of healthcare.>* With a longer life span expected
to translate to a growing number of patients diagnosed
with chronic conditions, this trend has important financial
implications for overall healthcare resource utilization.
Self- or caregiver-assisted administration options have
generated keen interest in recent years. In an effort to improve
patient adherence, reduce treatment burden, increase conve-
nience and decrease treatment cost, approaches to the systemic
delivery of biologics are increasingly becoming patient-
centric.>* Moreover, the US Food and Drug Administration
(FDA) is currently working on a patient-focused initiative that
would ensure that the patient’s voice and experiences are
captured and meaningfully incorporated into the drug devel-
opment and evaluation processes.” Subcutaneous (SC) deliv-
ery as an alternative to IV infusion is of increasing interest as it
provides expanded opportunity for self- or caregiver-assisted
administration at home or in an office setting (using devices
such as prefilled syringes, autoinjectors, wearable bolus injec-
tors and pumps) and reduces the frequency of or eliminates
hospital visits, thereby improving patient experience and
increasing patient compliance,®® reducing patient and care-
giver treatment burden, and lowering treatment costs and
healthcare resource utilization.'®"” Additionally, there are
a number of reports available in the literature that indicate
switching to SC administration may reduce instances of infu-
sion-related reactions often associated with IV infusions.”® >
Other promising patient-centric approaches that have been
studied for sub/transcutaneous self-administration of biologics

24 microneedle patches,” jet/needle-

include microneedles,
free injections,”® and SC implants.”’

While significant progress has been made in SC drug
development and delivery, there are still several challenges
that need to be addressed to exploit the full value of the SC
route of administration. The SC Drug Delivery and
Development Consortium, which was convened in 2018,
aims to identify and raise awareness of these challenges in
the SC industry through open information and knowledge
sharing among pharmaceutical industry experts in a pre-
competitive environment. Further details of the Consortium’s
mission and objectives, as well as an overview of the eight

problem statements developed by the Consortium to highlight
actionable issues in the SC industry, are described in their
publication.”® The current article focuses on one of these
problem statements regarding the development of technolo-
gies that enable the SC delivery of high-dose and/or large-
volume biologics.

Whereas IV delivery can administer large volumes of
medication directly into the bloodstream without volume lim-
itation, SC injections have traditionally been limited to fluid
volumes of 1-2 mL, with recent increases to volumes of about
3 mL.* This “traditional” volume limitation for SC injection
was due to the restrictions of the extracellular matrix in the SC
space.’?! In the case of biologics, the traditional injection
volume limitation poses additional challenges for formulation
development. Many biologic molecules have an exponential
relationship between concentration and viscosity,”> and the
traditional volume limitation of 1-2 mL may require increased
solution concentrations to allow for SC delivery of high doses.
This can result in very high viscosities, and affect the stability,
manufacturability, and delivery/administration of the therapeu-
tic drugs.>® Currently, there are technologies that enable the
delivery of higher amounts of drug through the SC route, either
by (1) enabling biologic molecules to be formulated and deliv-
ered as high-concentration injectables (>100 mg/mL for anti-
bodies) or (2) facilitating the SC delivery of larger volumes of
fluid (>3 mL) using innovative devices or by locally and
transiently modifying the SC space. In this article, as part of
the work of the SC Drug Delivery and Development
Consortium, we aim to shift perceptions of the capabilities of
these innovative technologies to advance the field of SC drug
delivery and development. As such, we provide an overview of
the aforementioned technologies and devices that are currently
available or in clinical development, and explore physical and
chemical characteristics of both the drug product (eg, viscosity,
volume) as well as the device (eg, applied force, infusion time)
and their interplay in achieving high-dose/volume delivery.
Additionally, we will also discuss the challenges, gaps, and
future outlook in high-dose/volume SC delivery as well as
potential solutions to exploit the full value of the SC route of
administration to meet current patient needs.

In Figure 1, we provide a generalized depiction of the
current landscape of technologies and devices that facilitate
the SC delivery of large-volume (typically >3-25 mL but as
high as 600 mL) and high-dose biologics in a home, office, or
clinical/infusion center. As this is a generalized depiction, we
acknowledge that there are outliers that are not captured in
the illustration or discussions. This review is intended to
provide a generalized overview of the field and is not
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Figure | Overview of the current technology/device landscape to facilitate the
subcutaneous (SC) delivery of large-volume (typically >3-25 mL but as high as
600 mL) and high-dose biologics in a home, office, or clinical/infusion center.

aimed to be all inclusive. Also in this regard, as we focus on
SC delivery of high-dose/volume biologics, we do not
describe all technologies that enable SC drug delivery such
as microneedles which currently do not provide adequate
drug loads to meet this criteria. The authors also acknowl-
edge that high dose/volume SC deliveries can be accom-
plished with large bore needles or long infusion times but
have chosen to focus this discussion on patient-preferred
solutions. Similarly, molecular engineering approaches to
impact the properties of the drug product are not considered
as part of this review. The approach of each development
organization may vary based on their relative strengths and
their intended patient population.

Overview of Current and Novel
Technologies Facilitating SC
Administration of High-Dose/

Volume Biologics

Currently, there are a number of technologies that facilitate
SC delivery of high doses or larger volumes of biologics.
Technologies, which will be discussed below, include a)
those that enable the formulation of high-dose/concentra-
tion SC injectables, or b) devices that enable the SC
administration of higher concentrations/viscosities or lar-
ger volumes of fluid or c¢) those that modify the SC space
to facilitate the delivery of a larger volume of fluid.

Formulation Technologies Enabling SC
Delivery of High-Dose Biologics

Formulation technologies that enable SC delivery of high-
dose/concentration injectables focus on protecting the drug

product and formulations from issues associated with high
concentration/viscosity. These issues may include molecu-
lar crowding leading to physical instability (unfolding,
aggregation, particle formation), or modifying ionic and
hydrophobic interactions to lower viscosity of high-
concentration formulations, impacting overall physical
and chemical stability over shelf-life, etc.**°

Some formulation technologies, such as the proprietary
Xeriject™ non-aqueous formulation technology (Table 1),
allow for high-concentration formulation by creating
a suspension in a carrier fluid. Multiple other technologies
are in the pre-clinical stages of development to achieve
similar goals (Table 1), including Elektroject™, the
Microglassification™ technology, and the Crystalomics®
drug delivery technology. These technologies enable the
formulation of high-concentration fluids via the formation
of microparticles, microbeads, and crystals, respectively,
for SC injection (Table 1).

Other technologies in development allow for high-
concentration formulation with lower, more manageable
viscosity by minimizing intermolecular interactions in
solution (Table 1). The Arestat™ technology (Table 1) is
utilized in formulations of ultra-rapid acting insulin (cur-
rently in Phase 2 clinical trials), ultra-concentrated rapid-
acting insulin (up to 1000 U/mL, currently in Phase 1
clinical trials), as well as other products in earlier stages
of development.®” The BioChaperone® platform technol-
ogy (Table 1) has been utilized in the development of two
ultra-rapid  formulations of insulin analog lispro
(BioChaperone®™ Lispro), and has been tested in Phase 1
and 2 clinical trials for type 1 and type 2 diabetes across
multiple insulin delivery devices with successful glycemic
control;®® Phase 3 trials are soon to be launched.®
Additionally, the EXCELSE™ high-concentration formu-
lation technology (Table 1) is utilized in formulations of
trastuzumab, rituximab, and infliximab (all of which are
currently in proof-of-concept studies).>* In addition to the
above-mentioned technologies, there are other formulation
tools that are used in industry to manage high viscosity or
to lower viscosity of high-concentration solutions (eg,
salts, amino acids, and other excipients).

Device Technologies for SC Delivery of
High-Dose/Volume Biologics

Traditionally, syringes and later prefilled syringes, avail-
able in various sizes and materials of construction, have
been used to deliver volumes of 1-2 mL of solutions with
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Table | Formulation and Device Technologies Enabling SC Delivery of High-Dose Biologics

Cambridge, UK)

are strong enough to withstand the stresses
of delivering | mL of a 1000 cP fluid in 5

seconds

Type Technology (Manufacturer) Key Features References
Formulation technologies that Xeriject™ (Xeris Pharmaceuticals, Chicago, | Uses specialized particle engineering [40]
form fluid suspensions IL, USA) techniques to create paste formulations
Elektroject’™ (Elektrofi, Boston, MA, USA) Uses a gentle atomization/desiccation [41]
procedure to create microparticles with high
protein loading with improved long term
physical and chemical stability
Microglassification" (Lindy Biosciences, Enables the dehydration of proteins or other | [42]
Durham, NC, USA) biologics into stable, spherical microbeads
Crystalomics® (Althea/Ajinomoto Bio- Creates crystal suspensions [43]
Pharma, San Diego, CA, USA)
Formulation technologies that Arestat"" (Arecor, Little Chesterford, UK) Uses buffering agents and formulation [44]
minimize intermolecular excipients to improve protein/peptide
interactions in solution to reduce stability in aqueous solutions
viscosity of high-concentration ®
) BioChaperone™ (Adocia, Lyon, France) Forms a molecular complex with therapeutic | [45]
formulations
proteins of interest that improves their
solubility and stability
EXCELSE™ (ExcelseBio, Thousand Oaks, Uses a customized amino acid blend that [46]
CA, USA) coats key molecular regions responsible for
the increase in viscosity, thereby preventing
clumping and protein instability
Devices that allow for SC injection | Safelia® autoinjector (Nemera, La Verpilliére, | Uses a cam system to manage the increased | [47]
of high viscosity formulations France) spring force to deliver | or 2.25 mL fluids of
up to 1000 cP viscosity
Autoject® Visco autoinjector (Owen Uses a velocity regulator to minimize shock | [48,49]
Mumford, Oxfordshire, UK) and noise
YpsoMate 2.25 Pro autoinjector (Ypsomed, | Uses a drive system with constant force to [50]
Burgdorf, Switzerland) deliver up to 2.25 mL of up to 50 cP viscosity
Rota]ect® autoinjector (SHL Group, Zug, Uses torsion springs and regulators to [51]
Switzerland) control the application of force over time to
deliver | or 2.25 mL fluids of up to several
100 cP viscosity
Vapoursoft® powered autoinjectors (Bespak, | Uses the expansion of a compressed gas to | [52]
King’s Lynn, UK) replace spring force and minimize the impact
on primary containers to deliver | or
2.25 mL
AutoTouch™ autoinjector (Amgen, Uses electromechanical motors to finely [53,54]
Thousand Oaks, CA, USA) control the application of force over time
and tailor injection rate to patient
preference
ArQ®-Bios (Oval Medical Technologies, Uses cyclo-olefin co-polymer containers that | [55]
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low viscosity. However, as mentioned previously, the
delivery of higher doses in a limited volume may require
concentrating the drug product. Technologies to achieve
high-concentration formulations either through minimizing
aggregation of solutions or suspension of particles in
a carrier may result in a consequential increase in the
product’s viscosity. This in turn may pose delivery chal-
lenges, including potential for pain on injection or
a requirement for increased force or time to administer
the dose. For manual injections, this may impact a patient
or caregiver’s ability to provide the necessary force to
complete the injection with confidence. For automated
injections, whether driven by springs or motors, the
increased force may result in less desirable design char-
acteristics such as increased size, operation noise, or
longer injection times. In extreme cases, the increased
force may present a risk of damaging the primary
container.®

Multiple autoinjector designs have been proposed to
manage the increased force necessary for the delivery of
high-viscosity fluids with standard 1 mL or 2.25 mL pre-
filled syringes. For autoinjectors with a linear spring pro-
viding extrusion force, the most logical approach is to
increase the spring force while ensuring the primary con-
tainer can withstand the increased force through appropriate
support, either at the syringe shoulder or flanges. The stres-
ses exerted on the syringe may be both quasi-static as during
the extrusion process or a dynamic impulse of energy dur-
ing the initial release of the spring force and contact with the
syringe plunger. Autoinjectors currently in development
that use this method to manage the increased force include
the Nemera’s Safelia® autoinjector platform (Table 1), and
the Owen Mumford Autoject® Visco (Table 1). Ypsomed’s
YpsoMate 2.25 Pro autoinjector (Table 1), currently in
development, is the high viscosity alternative to the com-
mercialized YpsoMate 2.25 autoinjector used for fremane-
zumab (Ajovy®™).”” In lieu of a linear spring to extrude drug
product, several companies have proposed the use of torsion
springs and regulators to control the application of force
over time. SHL Group’s Rotaject” technology (Table 1)
was among the first commercialized in 2009.>'* Springs
can be avoided altogether if an alternate source of force is
applied. Bespak’s Vapoursoft” powered autoinjectors,
which are in development, use the expansion of
a compressed gas to replace spring force (Table 1).
Electromechanical motors may also be used to finely con-
trol the application of force over time and even tailor injec-
tion rate to patient preference. This approach was

their AutoTouch™

Reusable Autoinjector (Table 1) for etanercept (Enbrel®)

commercialized by Amgen in
in 2017. Finally, if the primary container is strong enough
to withstand the stresses generated by whichever power
source is used, the potential for damage can be minimized.
Oval Medical Technologies has used their proprietary
cyclo-olefin co-polymer containers in their ArQ®-Bios sys-
tem, currently in development, to manage these stresses
(Table 1).

Additionally, device companies have developed several
types of innovative needle designs to overcome injectabil-
ity challenges. Examples include shortened needles, thin
wall/ultra-thin wall technology, needles with tapered geo-
metry, side-bores, etc., which enable the delivery of drugs
with larger volumes and higher viscosities, and greatly
enhance the end-user experience. To address high injection
force concerns, butterfly designs, autoinjectors, and nee-
dle-free technology® have also been developed. To
administer viscous drugs within an acceptable injection
time (ideally, no longer than 10 to 15 seconds), short
needle technology such as the one developed by BD
based on its Neopak'™ 2.25 mL glass pre-fillable syringe
platform can be utilized.®® Additionally, various types of
injectable drug-device combination products are currently
available for volumes up to 2.25 mL.

An alternative to formulating or delivering biologics at
high concentrations (as discussed above) is the ability to
inject larger volumes of a formulation via SC delivery. An
approach that is being used is the slow SC infusion of
a larger volume using wearable devices or on-body deliv-
ery systems (OBDS). OBDS allows for the device to be
adhered onto the skin (abdomen, upper thigh, upper arm,
etc.) using an adhesive. The delivery mechanism that is
either mechanical (spring/tension based) or electromecha-
nical is then activated, and allows for needle insertion and
injection at a pre-determined/variable delivery rate which
minimizes patient discomfort. Volume ranges of 3—100 mL
have been delivered for OBDS-based products.®'

There are three large-volume wearable/OBDS injection
devices currently licensed that enable SC delivery of
volumes >3 mL (Table 2). The West SmartDose® 3.5 injec-
tor (Table 2) is currently on the market as the Repatha
(evolocumab) Pushtronex™ System.?® It is also currently
in Phase 3 clinical development with Alexion’s ravulizu-
mab-cwvz (Ultomiris™) for once-weekly SC injection of
100 mg/mL.** The SmartDose® 10
SmartDose®™ 3.5 Preloaded injector, which are currently

injector and

under development, will allow for dose volumes ranging
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Table 2 Device Technologies Enabling SC Delivery of Large-Volume Biologics

Technology (Manufacturer) Key Features References
SmartDose® 3.5 injector (West Pharma, SC delivery of 3.5 mL at a customizable, pre-programmed delivery time [67]
Exton, PA, USA) Commercialized
CRONO ambulatory infusion pumps (Cane Can be worn on elastic belt or collar strap for SC infusions of up to 100 mL [61]
Medical Technology, Rivoli TO, Italy) Commercialized
Infusion Pump (Sensile Medical, Olten, SC delivery of 20 mL at flexible flowrates using an infusion pump worn on belt or in | [62]
Switzerland) a belt-pouch

Commercialized
Libertas™ autoinjector (BD, Franklin Lakes, SC delivery of 2-5 mL and 5-10 mL with viscosities up to 50 cP [66,68]
NJ, USA)
Lapas® patch pump (Bespak, King's Lynn, UK) | Uses Bespak’s Vapoursoft® technology to deliver both viscous/non-viscous [69]

formulations over a range of different volumes and delivery times
enFuse® on-body platform (Enable Injections, | SC delivery of up to 50 mL with a prefilled or user-filled syringe [70]
Cincinnati, OH, USA)
Wearable injectors (Sonceboz, Sonceboz- SC delivery of up to 20 mL of fluids up to 100 cP at programmable dosing rate | [71]
Sombeval, Switzerland)
Wearable injection devices (Sorrel Medical, SC delivery of 3, 5, 10, 20, and 25 mL of high viscosity fluids [72]
Netanya, Israel)
DrugDeliverySystems (Weibel, Zug, Switzerland) | SC delivery of 25 mL of high viscosity fluids [73]
YpsoDose® (Ypsomed, Burgdorf, Switzerland) | SC delivery of 2-10 mL of fluids with a range of viscosities [74]

Abbreviation: OBDS, on-body delivery systems.

from 3.7 mL to 10 mL.** The CRONO ambulatory infusion
pumps (Table 2) are currently approved for SC infusions for
the treatment of thalassemia (deferoxamine), Parkinson’s
disease (apomorphine), and primary immunodeficiency
(immunoglobulins). The Sensile Infusion Pump (Table 2)
has recently launched in Europe for SC administration of
treatment for advanced stages of Parkinson’s disease.®’
Other large-volume OBDS injection devices are cur-
rently in development (Table 2), including the BD
Libertas™ wearable autoinjector, which recently completed
a clinical trial.®® Other devices are shown in Table 2, includ-
ing the Lapas® patch pump, Enable Injections’ enFuse™ on-
body platform, the Sonceboz wearable injectors, the Sorrell
Medical wearable injection devices, Weibel’s large-volume
DrugDeliverySystems wearable platform, and Ypsomed’s
large-volume patch injector called YpsoDose®.

Technologies Exploiting SC Biology for
the SC Delivery of Large-Volume

Injectables
Apart from technologies enabling high-concentration for-
mulation development for biologics and the use of devices

to inject large-volume doses via the SC route as discussed
above, SC biology can be directly exploited to allow for
the delivery of larger dose volumes. The enzyme hyalur-
onidase can be used to induce local and transient modifi-
cation of the SC space through degradation of hyaluronan,
which is a naturally occurring glycosaminoglycan found
throughout the body that creates resistance to bulk fluid
flow in the extracellular matrix and limits large-volume SC
drug delivery.”” By degrading the hyaluronan at the local
injection site, the hyaluronidase enables SC bulk fluid flow
and facilitates the SC delivery of large volumes.

A purified recombinant human form of hyaluronidase
(recombinant human hyaluronidase [rHuPH20]) has been
commercially available in the US since 2005 (HYLENEX™
recombinant) and has been co-formulated with other thera-
peutic products using the ENHANZE® drug delivery
technology.”®”” ENHANZE®™ has been shown to reduce
dose administration time and dosing frequency, and enable
the delivery of large volumes for rapid SC injections (5 to
15 mL) and infusions (up to 600 mL).'*"* " ENHANZE®
may also potentially increase absorption and bioavailability
of co-administered drugs, and decrease pharmacokinetic
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variability.*'*** This technology is used in several products
approved in the US, Europe, and many other countries
including trastuzumab (Herceptin Hylecta™ in the US, and
Herceptin® SC outside the US), rituximab (RITUXAN
HYCELA™ in the US, and MabThera® SC outside the
US),”” HyQvia® (approved in the US and Europe for self-
administration of volumes of up to 600 mL in a single injec-
tion site), daratumumab (Darzalex Faspro™ in the US,*’
DARZALEX® SC in Europe,** and submitted for regulatory
approval in Japan®), and a fixed-dose combination of pertu-
zumab and trastuzumab (Phesgo™) approved in the US.*
Additionally, there are a large number of investigational
products in various stages of clinical development or regula-
tory review utilizing this technology.®’

Challenges and Gaps in High-Dose/
Volume Drug Delivery, and

Potential Solutions

Significant progress has been made in facilitating SC
injection for high-dose/volume biologics, with the devel-
opment of technologies discussed above. These technolo-
gies include those that enable the formulation of high-dose
/concentration SC injectables, devices that enable the SC
administration of higher concentrations/viscosities or lar-
ger volumes of fluid, and those that modify the SC space
to facilitate a larger volume of fluid to be administered.
However, there are still several challenges that need to be
overcome to exploit the full value of the SC route for the
delivery of high-dose/volume injectables. In the SC
Consortium’s view, industry and clinical perspectives of
traditional volume restrictions for SC injections
(~1-2 mL), as well as gaps in knowledge concerning
large-volume/high-dose SC injection tolerability/pain and
patient preferences (and the influence of various factors
such as viscosity, and injection rate and location), are
critical challenges that need to be addressed to advance
the SC drug delivery space, along with raising awareness
among patients, HCPs, and payers of the value of SC
administration of such products.

By means of the aforementioned technologies, the pre-
paration of stable high-concentration SC dosing solutions is
feasible for many biotherapeutics. However, packaging these
high-concentration (and often high-viscosity) formulations in
a device can be challenging given the increased force
required to administer the fluid within an acceptable injection
time while meeting patient usability requirements.*® As dis-
cussed above, multiple designs for autoinjectors have been

proposed to manage the increased injection force using
a power source, such as a linear spring that provides extru-
sion force, torsion springs and regulators to control the appli-
cation of force over time, the expansion of a compressed gas
to replace spring force, or the use of electromechanical
motors to minimize the impact on primary containers.
Alternatively, the issue of increased force could be mini-
mized by using a primary container that is strong enough to
withstand the stresses generated by the power source used.
These devices, however, may have limited volume capacities
and increased complexity/cost relative to traditional autoin-
jectors which could limit their use.

As discussed in the previous sections, several technolo-
gies that deliver larger volumes of fluid (>3 mL) are currently
on the market, with many others in development. The avail-
ability of large-volume SC injection devices has traditionally
been a limitation in delivering higher doses/larger volumes as
prefilled syringes that are suitable for autoinjectors had
a volume capacity of 1 mL and have only recently been
available with a volume of 2.25 mL. Additionally, containers
that were suitable for use for on-body devices have pre-
viously been lacking, requiring the first commercial systems
(eg, West SmartDose™) to use a custom container. Large-
volume SC injection devices could therefore help overcome
the challenges during formulation development posed by the
traditional injection volume limitation. It should however be
recognized that self-injection user experience with these
large-volume devices could be very different compared to
self-injection with autoinjectors and prefilled syringes. In the
Consortium’s view, studies are needed to determine user
preference for large-volume self-injection devices to better
inform device designs and understand usability, impact on
daily life, tolerability, and pain. Collaboration with primary
packaging container, equipment suppliers, and innovative
device manufacturers would also accelerate container and
filling technology development for large-volume devices.

The perception of SC injections as painful and inconve-
nient poses a risk to adequate compliance with the treatment
regimen, especially when the drug is intended for SC dosing
in the home setting. Currently, public understanding of large-
volume injection tolerability and pain, and the impact of
various factors such as diffusion mechanism, viscosity, flow
rate, and injection location, for SC injections of volumes
above 3 mL are limited.* Local injection site pain and
irritation following SC injections can be due to a host of
factors such as the needle insertion, composition of the for-
volume administered, and site

mulation, injection

location.”®*® Minimizing pain and discomfort associated
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with SC injection is important to improve medication com-
pliance and patient experience.”’ "' However, injection site
pain and discomfort associated with SC drug administration
could be subjective and difficult to study. Some examples in
the literature where studies were conducted include formula-

tion changes,'%* '

the administration at a preferred injec-
tion site,'®” as well as a slowing down of the injection rate.”
If there is pain and irritation following SC injection, some
patients may prefer the IV route despite the advantages of SC
administration. Other reasons for IV preference include the
desire for interaction with HCPs in a clinical setting and to
avoid potential user errors for therapies administered on an
infrequent basis. Quantifying the patient experience was
identified as a key gap by the SC Consortium that can be
addressed through collaborations between industry and aca-
demia. Improved scientific understanding of SC absorption
of biologics at high doses and large volumes and the impact
on pain is needed. Future studies on tolerability and pain
associated with high-dose/large-volume self-injection
devices should be tailored to the desired product profile and
indication of interest to account for differences in user pre-
ferences and tolerability across patient populations, disease

states/severity, and standards of care.

Conclusion and Future Outlook

SC delivery of biotherapeutics has demonstrated the abil-
ity to be well tolerated and effective, and may offer
notable advantages as described above to patients and
the healthcare system. Nevertheless, further progress is
needed to address the gaps in knowledge and technology
in the SC field to enable additional products that benefit
patients to be developed. The SC Consortium, which was
formed in 2018 in response to this need, highlights
actionable issues in the SC industry, including in regards
to the development of high-dose/volume SC technology
as discussed in this article. The Consortium aims to strike
up productive collaborations and partnerships between
academia and industry in an effort to accelerate advances
in the field. Potential partnership areas could include the
development of preclinical models to predict SC bioa-
vailability, thereby allowing for improved SC dosing
regimens of high-dose/volume formulations and poten-
tially resulting in faster adoption and increased switching
from IV to SC. Additional details for an open innovation
challenge to scientists in academia and industry from the
SC Consortium to help to close this gap in SC bioavail-
ability are published separately.'®® These academic-
industry partnerships could help standardize approaches

to investigating the human SC space, and improve our
understanding and prioritize critical parameters that
directly affect clinical outcomes. Other potential partner-
ship areas include the development of tools to assess
injection-related tissue responses (eg, injection pain);
and studying the impacts of self-injection on the patient
experience, clinical outcomes, and user-centered design.

Highlights

e Subcutaneous delivery of biologics has previously been
limited by injection volume

e Available technologies facilitate subcutaneous delivery
of higher doses/volumes

e High-dose biologics can be formulated/delivered as
high-concentration injectables

e Alternatively, high-dose biologics can be injected sub-
cutaneously in larger volumes

e These technologies, as well as critical knowledge gaps/
challenges, are discussed
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