
Subcutaneous (SC) delivery of biologics, 
once largely comprising injections less than 
1 mL, is progressively moving towards 
injection volumes greater than 2 mL. 
Of 1,338 approved and clinical-stage 
intravenous and SC biopharmaceuticals, 
182 drugs were identified as SC injections 
over 2 mL. This represents 14% of all 
biopharmaceuticals, with most being 
monoclonal antibodies (mAbs) between 
2 mL and 5 mL. The large-volume SC 
pipeline continues to grow, driven by multiple 
factors such as reduced dose frequencies. 
This pipeline demands drug delivery 
solutions that provide similar benefits to 
smaller volume solutions while addressing 
the specific challenges of larger volumes.1–3

Delivery formats are evolving rapidly for 
self-administered drugs in volumes of up 

to 5 mL. Historically, autoinjectors were 
developed around existing prefilled syringe 
(PFS) formats and consequently can handle 
up to 2.25 mL of total injection volume.4 
To deliver larger volumes, formulation 
scientists must either raise the concentration 
and find a solution to handle the 
subsequent higher viscosity, split the dose, 
move to an on-body delivery device or 
select an autoinjector that incorporates 
a larger primary container. Each option 
has consequences for the drug developer 
to consider, such as primary container 
selection, fill-finish process and evidence 
required for market approval of the 
combination product.

In the homecare setting, these choices 
also have significant consequences for 
the patient. Higher viscosity may impact 
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delivery time, splitting a dose doubles 
the number of injections and an on-body 
system can potentially introduce new 
use steps. A key question is whether an 
autoinjector can be designed for safe and 
effective handling of both higher viscosities 
and larger volumes while enhancing the 
patient experience and usability.

DEMANDS ON DEVICES FOR 
VOLUMES ABOVE 2.25 mL

Volume versus Concentration and Viscosity
Drug formulation and device development 
have multiple interdependencies. While an 
increase in formulation concentration may 
help to lower injection volumes, it may also 
lead to higher viscosities, stability issues 
or manufacturing constraints. Opting for 
larger volumes can reduce complexity for 
formulation development but requires drug 
delivery devices capable of administering 
larger volumes. Splitting the dose between 
two injections via an autoinjector is another 
possibility, although it adds handling steps 
and may increase treatment burden.1,2

The appropriate trade-off depends on 
the specific molecule and the capabilities of 
a given injection device. A device platform 
that can be configured across a range of 
volumes, viscosities, needles and delivery 
times therefore enables greater flexibility 
for formulation scientists, as they do not 
need to fix the formulation before the 
device is selected.

Potential Impact on User Experience
Clinical studies in healthy volunteers have 
assessed SC injections at volumes above 
the traditional 1–2 mL range, delivered via 
various injection methods.5–7 These studies 
demonstrate that moderate-to-large volumes 
can be acceptable under select conditions, 
but they also show that tolerability is 
considered in conjunction with injection 
rate, viscosity, injection site, drug 
formulation and whether the formulation 
contains permeation enhancers.

The data are useful for defining a 
feasibility range, however they do not 
establish one upper limit that applies to 
every drug or patient population.4–7 Bench 
testing, clinical evidence and human-factors 
evaluations are required to confirm that 
an intended formulation can be delivered at 
an acceptable rate and with an acceptable 
user interaction.

DESIGNING AN AUTOINJECTOR 
PLATFORM FOR HIGH-VISCOSITY AND 
LARGE-VOLUME FORMULATIONS

Gerreseimer’s Gx Inbeneo® 3 mL 
autoinjector platform was developed 
in collaboration with Midas Pharma 
(Ingelheim, Germany) to address self-
injection of large volumes of highly viscous 
drugs.  The Gx Inbeneo 3 mL is built 
around a robust prefilled glass cartridge, 
which raises the accessible volume to 3 mL.

Exceeding PFS-Based 
Autoinjector Force Limits
In a PFS-based autoinjector, a compressed 
spring is held by a locking mechanism that 
must release reliably upon device activation. 

Unlike this method, Gx Inbeneo 3 mL 
uses a pre-pressurised design in which the 
spring force is retained by the cartridge 
and is activated by the opening of the fluid 
path downstream. This makes a separate 
spring-locking mechanism redundant, 
eliminating the spring force impulse at the 
point of injector activation, while reducing 
the associated potential of misfiring. 
As a result of these inherent design 
characteristics, the platform can employ 
high spring forces in order to deliver 
higher viscosities and injection volumes. 

Handling High-Viscosity Biologics
In addition to high-spring-force 
capabilities, Gx Inbeneo uses a double-
ended dry needle system. Unlike PFS-
based autoinjectors, which use a staked-
in needle, the needle is separated from 
the drug container until the device is 
activated through a single step of pushing 
the device against the skin. With the fluid 
pathway isolated from the drug container 
during storage, the chance of needle 
clogging is reduced.

Moreover, this novel double-ended 
needle helps to balance injection time 
and the patient experience. The top 
needle end, which pierces the cartridge 
septum, has a larger diameter, while the 
bottom end or the SC needle section, 
which pierces the patient’s skin, has a 
smaller diameter. This unique design 
reduces the resistance in the fluid 
pathway, enabling higher viscosities to be 
delivered in shorter time compared with 
those administered through a uniform-
diameter needle. 

Through comprehensive testing 
of various needle gauge and spring 
force configurations, Gerresheimer has 
demonstrated the efficacy of the Gx Inbeneo 
3 mL platform to deliver a broad range of 
viscosities. For example, 3 mL of a viscous 
250 cP solution of water and glycerol was 
expelled from a 3 mL glass cartridge in 
30 seconds, using a 25G needle.9–11

Putting Patients at the Forefront
The Gx Inbeneo autoinjector platform was 
designed to meet the high-performance 
requirements of larger volumes but was 
also optimised for safe and reliable self-
administration. Straightforward two-step 
activation enhances the user experience, 
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as the patient simply pulls the cap from 
the device and pushes it against their skin 
to begin administration. The standard 
viewing window in the middle of the device, 
in addition to a unique transparent top 
casing, enable the user to track injection 
progress regardless of the type of grip they 
use (Figure 1). 

Whether using a power grip (holding 
the device in a closed fist) or a precision 
grip (using the thumb and index finger) the 
user can always clearly visualise injection 
progress. An audible click further confirms 
dose completion. The double-ended needle 
design mentioned earlier also presents an 
advantage to the patient, as it employs a 
smaller needle diameter at the injection site 
and therefore reduces discomfort.

Studies have successfully demonstrated 
that users can maintain their grip on an 
autoinjector over injection durations of up 
to approximately 30 seconds.8 Formative 
user studies conducted by Gerresheimer 
during development of the Gx Inbeneo 
reinforced this finding. In one study, 
44% of participants rated a simulated 
injection duration of up to 26 seconds as 
fully acceptable and 56% as acceptable.

Taking into account the cartridge-
based concept, strong spring forces, 
unique needle architecture and usability 
designed for varied injection durations, 
the platform is well positioned for 
extension to handle volumes above 3 mL.

EXTENDING THE GX INBENEO 
PLATFORM TO 5 mL

To provide pharmaceutical companies with 
even greater flexibility when formulating 
biologics, Gerresheimer has developed a 
concept for a 5 mL cartridge – a larger 
volume version of the Gx Inbeneo 
autoinjector platform that builds on 
the proven design of the 3 mL version 
(Figure 2).

Leveraging Proven Architecture
The pre-pressurised, cartridge-based design 
and actuation method developed for the 
Gx Inbeneo 3 mL has been carried over to 
the 5 mL concept. The main differences are 
a housing with a slightly larger diameter – 
required to accommodate a 5 mL cartridge 
– and springs with higher force.

The Gx Inbeneo 5 mL concept 
encapsulates a 14 mm outer-diameter 
cartridge, which requires only a slight 
increase in device size relative to the 

increase in injection volume. Consequently, 
in the Gx Inbeneo 5 mL concept, the 
additional spring force and larger cartridge 
only increase the device diameter by 
2.6 mm with no change in length compared 
with the 3 mL version.
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Figure 1: Injection progress can be clearly visualised via the top viewing indicator regardless of grip method.

Figure 2: Gx Inbeneo 3 mL autoinjector 
platform and Gx Inbeneo 5 mL 
autoinjector concept.
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The unique design of Gx Inbeneo 
decouples the activation and double-
ended needle mechanism from the drive 
spring. This inherent design characteristic 
reduces the complexity of integrating a new 
cartridge format. The activation and 
double-ended needles mechanism on the 
front end of the device are unaffected by the 
change from a 3 mL to a 5 mL cartridge. 
The drive spring at the rear end of the 
device is scaled in proportion to the larger 
cartridge diameter (Figure 3). The 5 mL 
concept is therefore a platform extension 
around a larger primary container rather 
than a new device design. 
 
Enabling Flexible Configuration
The Gx Inbeneo 5 mL concept is aimed 
at drug programmes with doses in the 
3–5 mL range that are intended for SC 
self-administration of viscous formulations. 
It adds a larger volume option to the 
Gx Inbeneo autoinjector platform 

without changing the core architecture 
or straightforward two-step handling 
established with the 3 mL version. The 
concept incorporates a 5 mL cartridge 
with a fill range of 3–5 mL and standard 
options of 25G, 27G and 29G for the 
patient-facing end of the needle. The 
combination of spring, needle, cartridge 
and delivery parameters can be selected 
by a pharmaceutical company depending 
on the specific formulation and target 
injection time (Table 1).

Based on Confirmed Usability
The usability and handling of the 5 mL 
concept remains consistent with the 3 mL 
version. The patient simply pulls off the 
cap and pushes the device against their 
skin to begin drug delivery. Injection 
progress can be tracked in real time via the 
standard central viewing window, or the 
top viewing indicator and an end-of-dose 
click confirms successful dose completion. 
During a formative usability study with 
the Gx Inbeneo 3 mL, 93% of participants 
(n=34) rated activation of the autoinjector 
as easy or very easy. Additionally, 97% 
of the participants stated that they found 
it easy to track injection progress, with 
66% using the transparent top window for 
monitoring.

The visual difference between the 5 
mL Gx Inbeneo compared with the 3 mL 
version will be the slightly larger diameter 
required to accommodate the larger 
cartridge. The predominant impact on 
usability may be a slightly longer injection 
duration. Acceptability would need to be 
evaluated via a formative user evaluation 
once the specifications of a drug and device 
combination have been defined.

Development Readiness
While the Gx Inbeneo 5 mL is a concept 
in development and has not yet been 
fully industrialised, the concept may be 
evaluated through feasibility assessments 
or co-developed with partners, with 
final performance and specifications 
established for each individual drug-device 
combination. The 5 mL concept provides 
pharma companies with an additional 
option during early device selection. 
Feasibility work will establish how a 
specific formulation can be delivered 
within a suitable injection time and confirm 
that the intended user population can 
complete drug administration reliably.

CONCLUSION

The pipeline of SC biologic injectables 
above 2 mL is growing, meaning that the 
need for safe and reliable autoinjectors 
to administer higher volumes will only 
become more evident. Delivering high doses 
of biologic drugs via self-administration 
demands an increase in volume, 
concentration, division of the dose or 
transfer to an on-body device. Each option 
has distinct implications for formulation, 
primary packaging, fill-finish and the 
evidence required to gain market approval 
for a final combination product.

In order to maintain a handheld 
format for large-volume and high-viscosity 
formulations, the determining factor is 
the capability of the device to generate 
and control the force required for delivery 
within an acceptable injection timeframe 
to support the user experience. 
The Gx Inbeneo platform fulfils this 
requirement through its two-step 

Table 1: Comparison of features of the Gx Inbeneo 3 mL and the Gx Inbeneo 5 mL concept.

Figure 3: Identical front components 
used in the Gx Inbeneo 3 mL and 5 mL 
concept with the rear section adjusted 
to accommodate a larger cartridge and 
spring with higher force.

3 mL 5 mL

Gx Inbeneo 3 mL Gx Inbeneo 5 mL concept

Device architecture Pre-pressurised, cartridge-based design

Cartridge ISO 3 mL cartridge 5 mL cartridge 
(14 mm outer Ø)

Device diameter 19.5 mm 22.1 mm

Device length 196.5 mm

Patient-facing needle Double-ended 25G, 27G and 29G as standard

Usability 2-step autoinjector: pull cap, push to inject
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handling, pre-pressurised, cartridge-based 
architecture and double-ended dry needle. 
This unique design reduces flow resistance 
for faster delivery than with a standard 
needle and removes the risk of needle 
clogging in storage.

The 3 mL version of the Gx Inbeneo has 
undergone extensive testing to confirm its 
technical design, performance range and 
usability. The 5 mL concept incorporates 
identical double-ended needles, an 
activation mechanism and a needle safety 
shield in the front housing. The rear 
housing and spring will be adjusted and 
scaled in proportion to the larger 5 mL 
cartridge.

As with the Gx Inbeneo 3 mL, 
the specific patient-facing needle diameter, 
spring force and resulting injection 
duration can be configured to meet the 
criteria for a specific therapy. Feasibility 
testing and formative evaluations with the 
target patient population are required to 
confirm the final design parameters of the 
combination product. The Gx Inbeneo 
5 mL concept therefore offers pharma 
customers a platform for future 
co-development projects.
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In cooperation with

Gx Inbeneo® 

Autoinjector platform for biologics

Unique injection 
progress indicator

Pre-pressurized
cartridge-based 
technology

Needle safety shield 

Double-ended needle

— NEW 5 mL concept builds on tested 3 mL 

platform technology 

— Pre-pressurized design enables delivery of 

very high viscosity drugs

— Push-on-skin activation, visual & audible 

tracking support self administration

— Double-ended dry needle shortens injection 

time & prevents clogging during storage

— Backed by expertise in device & primary 

packaging development & manufacturing
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