
Over the past few years, there has been a 
significant shift towards the development of 
biologic drugs due to their effectiveness in 
treating chronic conditions, such as cancer, 
rheumatoid arthritis and psoriasis. Since 
2017, seven out of the top ten drugs on the 
market by sales are biopharmaceuticals.1 

However, biologic drugs present a number 
of challenges to effective delivery, including 
the potential for elevated viscosity with 
increased concentration, larger volumes, 
and the sensitive nature of the biomolecules.

In parallel, there is a growing preference 
for subcutaneous self-administration in 
an at-home setting within the sector, as 
it facilitates patient independence and a 
decrease in cost for the healthcare system. 
To support effective delivery of biologic 
drugs, a device therefore needs to overcome 
the challenges presented by the drug 
formulation and, at the same time, facilitate 
autonomous patient usage. 

GOING BEYOND THE 
AUTOINJECTOR STATUS QUO

In the past, the most common delivery 
method for biologic drugs has 
been administration in a 

clinical setting by a healthcare professional, 
either intravenously or subcutaneously 
via a prefilled syringe (PFS).2 Transferring 
to a home-care setting has led to the 
development of autoinjectors that offer 
advantages such as easier administration 
and needlestick injury prevention. The 
standard approach to autoinjector design 
for biologics is to encapsulate the primary 
container of a staked-needle PFS within a 
device, adding a spring mechanism to apply 
force to the plunger. Such autoinjectors 
employ a compressed spring held in place 
with a locking mechanism that must be 
reliably released at the moment of injection. 
The dual role as “force barrier” and 
release mechanism is a challenge for 
many autoinjectors when the spring force 
is increased to deliver elevated volumes, 
viscosities or both. This has resulted 
in several incidences of misfiring 
over the past two decades.3
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autoinjector for biopharmaceuticals.
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To overcome this challenge, Midas 
Pharma and Gerresheimer chose a 
cartridge-based, pre-pressurised design for 
the Gx Inbeneo® autoinjector (Figure 1). 
The autoinjector is based on the NIS 
autoinjector prototype.4 The unique, 
patented design employs a robust prefilled 
glass cartridge to retain the spring force, 
thus making the primary packaging 
the force barrier. No additional spring 
locking mechanism is required, which 
eliminates the associated risk of failure. 
This innovation enables the use of springs 
strong enough to inject drug products with 
viscosities up to 100 cP at volumes of up to 
3 mL (based on calculations).

Rather than using a staked-in needle, 
as with a PFS, the Gx Inbeneo® design 
concept uses a double-ended needle that is 
separated from the primary container. The 
needle is held separately in a needle carriage 
protected by the device’s needle safety shield 
(Figure 2, State 1). To begin injection, the 
patient presses the device against the skin, 
the needle safety shield moves backwards 
and the front of the needle pierces the 
skin (Figure 2, State 2). Subsequently 
the needle carriage moves backwards, 
and the other end of the needle 
pierces the septum of the cartridge. 
The fluid pathway is then established, and 
the drug is automatically and smoothly 
injected (Figure 2, State 3). The separation 
of the needle from the primary packaging 
until administration and the double-ended 
design additionally address other challenges 
of biologic drugs, as detailed in subsequent 
sections of this article.

PROOF OF CONCEPT FOR THE 
CARTRIDGE-BASED DESIGN

The concept of using the prefilled cartridge 
as the force barrier was successfully validated 
during extensive testing by Midas Pharma and 
Gerresheimer. ISO-standard cartridges from 
Gerresheimer and two other suppliers were 
tested along with septa and plunger stoppers 
from several different manufacturers. 
The results demonstrated that the device’s 
break-loose and glide forces were within 
acceptable ranges. At maximum pressure, 
the septa did not rupture when pierced, and 
piercing forces were also within acceptable 
ranges. Cartridge septa showed slight bulging 
for the first 14 days, after which they became 
stable. The Type I non-hardened pharma-
grade glass of the cartridges remained stable 
at pressures of magnitudes above those 
employed in the Gx Inbeneo®.

In a second set of tests, cartridges 
were filled with a commercially available 
adalimumab formulation and stored 
under pressure for six months. The drug 
formulation was expelled through the fluid 
pathway and then subsequently tested with 
size exclusion chromatography and gel 
electrophoresis. No signs of aggregation or 
protein denaturation were found. 

ADDRESSING THE SENSITIVE 
NATURE OF BIOLOGIC DRUGS

Sensitive biotherapeutics, such as 
monoclonal antibodies are vulnerable to 
aggregation, which can result in a loss of 
biologic functionality. This can be caused 
by interaction with substances such as 
tungsten, glue residues, silicone oil droplets 
or a gas-liquid interface present as gas 
bubbles. Three design features of the 
Gx Inbeneo® autoinjector respond to the 
risk of aggregation – the separation of 

the needle from the primary container 
prior to activation, the use of cartridges 
with baked-on siliconisation and the 
pre-pressurised system. 

 Midas Pharma / Gerresheimer

Figure 2: An overview of the injection mechanism of the Gx Inbeneo®, showing how 
the fluid path is established in a single user step.

“Three design features 
of the Gx Inbeneo® 

autoinjector respond to 
the risk of aggregation 

– the separation of 
the needle from the 

primary container prior 
to activation, the use of 

cartridges with baked-on 
siliconisation and the pre-

pressurised system.”
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Separated Needle
Unlike with a staked-in needle PFS, there 
is no contact between the drug product 
and needle during storage in the Gx 
Inbeneo® as the needle is separated from 
the primary packaging. Therefore, the 
possibility of the drug product entering the 
needle and causing clogging is eliminated. 
Furthermore, if there were to be glue or 
tungsten residues, they could not negatively 
affect the drug product.5–7

Baked-On Siliconisation
The risk of protein aggregation caused by 
silicone oil droplets migrating into a sensitive 
biologic drug is significantly reduced by 
using a baked-on siliconisation process.8 
This process is generally challenging with 
a staked-in needle PFS, due to potential 
impact of the required high-temperature on 
the staked-in needle bonding; however, it 
can easily be applied to cartridges, such as 
those used in the Gx Inbeneo®.

Reduced Gas Bubble Presence
An inherent property of the Gx Inbeneo® 
technology is that any gas bubbles present 
in the liquid within the cartridge are reduced 
or dissolved due to the applied pressure, 
according to Henry’s Law. This minimises 
gas-liquid interface in the primary container, 
which limits the potential for protein 
aggregation in drug products with sensitive 
biotherapeutics.9

STERILISED AND READY-TO-USE

Considering the sensitive nature of biologics 
is crucial when developing a sterilisation 
approach for a drug delivery device. 
To address this topic, Gerresheimer 
offers two sterilisation options for the Gx 
Inbeneo® that are compatible with 
biologic drugs – terminal gas sterilisation 
with nitrogen dioxide (NO2) and aseptic 
assembly. For sensitive biologics, terminal 
gas sterilisation with NO2 is superior to 
the commonly used process with ethylene 
oxide, as NO2 sterilisation can be carried 
out at lower temperatures and NO2 

ingress has been shown to be negligible.10 
An alternative strategy is aseptic assembly 
of the device in a cleanroom environment, 
which avoids the need for terminal gas 
sterilisation entirely. Regardless of the 
sterilisation method, the autoinjector is 
delivered blister-packed, ensuring that it 
maintains sterility for its entire shelf life 
and is ready to use as soon as it is needed.

BALANCING INJECTION TIME 
AND PATIENT EXPERIENCE 

Other than employing a spring with a 
higher force, there are two approaches for 
administering higher viscosities and larger 
volumes of a drug – increasing injection 
time or employing a thicker needle. 
Both these options come with compromises. 
A thicker needle is less comfortable for 
the patient, which negatively impacts the 
patient experience. Extending the injection 
time can make it difficult for some patients 
to hold the autoinjector stable for the 
full duration of the dose, which creates 
a risk that the full dose is not delivered, 
decreasing effectiveness of the treatment.

Rather than accept these compromises, 
the development team at Gerresheimer and 
Midas Pharma came up with a solution 
– a double-ended needle with different 
thicknesses at each end. The thicker end 
of the needle pierces the septum of the 
primary container while the end of the 
needle that pierces the patient’s skin is 
thinner. This innovation mitigates the 
potential for discomfort caused by a 
thicker needle piercing the patient, 
while also enabling higher viscosities 
to be delivered in less time than with a 
standard needle.

PROVEN USER BENEFITS

As well as being able to deliver biologic 
drug formulations reliably, the development 
team at Gerresheimer and Midas Pharma 
also ensured that the Gx Inbeneo® 
autoinjector is safe and simple to use, thereby 
supporting effective delivery of therapy. 

As previously described, Gx Inbeneo® has 
significant advantages in terms of limiting 
potential discomfort and inconvenience 
when self-administering biologics. 
The design of the autoinjector also 
reduces the number of user steps and their 
complexity, which decreases the potential 
for use error. For example, there is no 
need for the patient to attach the needle 
themselves, as is the case with some other 
cartridge-based autoinjectors. Additionally, 
the pre-pressurised system allows for 
straightforward push-on-skin activation, 
with no need to press a button.

Further optimisations were made to 
the design to support the patient during 
drug administration. Most autoinjectors 
currently on the market include a viewing 
window, located in the middle of the 
device, to inspect the medicinal product and 
visually track injection progress. When 
designing the Gx Inbeneo®, it was observed 
that many patients need to grasp the device 
with their whole hand – often due to 
dexterity problems caused by their disease, 
thereby covering the central window. To 
overcome this issue, the Gx Inbeneo® has 
been equipped with a transparent top 
casing, through which the patient can view 
a coloured indicator move downwards as 
the drug is injected.

All of the features relevant for patient 
administration were tested during a 
formative usability study. The results of 
the study were highly positive – the feature 
to visually track the injection progress via 
the transparent top casing was very well 
received and participants were observed 
to position the device correctly against the 
body for the full injection time. As a further 
indication of the end of dose, Gx Inbeneo® 

makes an audible click at end of dose.

“For sensitive biologics, terminal gas sterilisation 
with NO

2
 is superior to the commonly used process 

with ethylene oxide, as NO
2
 sterilisation can be 

carried out at lower temperatures and NO
2
 ingress 

has been shown to be negligible.”

“As well as being able 
to deliver biologic drug 

formulations reliably, the 
development team at 

Gerresheimer and Midas 
Pharma also ensured 
that the Gx Inbeneo® 

autoinjector is safe and 
simple to use, thereby 

supporting effective 
delivery of therapy.”
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READY FOR A SPECIFIC 
BIOLOGIC DRUG

With biopharmaceuticals becoming 
increasingly prevalent on the market, 
pharmaceutical companies need to select a 
device that effectively and reliably delivers 
their sensitive drugs. They are also looking 
to provide therapeutic support to patients 
as quickly as possible, making time-to-
market another important consideration. 
With the Gx Inbeneo® autoinjector 
platform, Gerresheimer and Midas 
Pharma have drawn on their experience 
and gathered patient feedback to ensure 
these requirements have fully informed the 
device design.

The modular platform concept of 
the Gx Inbeneo® means that it can be 
quickly customised to a wide range of 
drug formulations. Patient needle gauges of 
25G, 27G or 29G can be combined 
with ISO standard cartridges from 
Gerresheimer or other suppliers with up to 
a 3 mL fill volume. Spring forces can also be 
adjusted, allowing for an optimal balance of 
patient experience and injection time, even 
with highly viscous biologics (Figure 3). The 
modular design concept and manufacturing 
readiness reduces the timeframe for clinical 
trial and market launch.

What is more, Gerresheimer is a full-
service provider with many years of 
experience in primary packaging, device 
development, manufacturing and regulatory 
submission. All of these factors enable 
Midas Pharma, Gerresheimer and their 
pharmaceutical customers to reduce time-
to-market for the combination product. 
Thus, new drug therapies can be provided 
to patients as quickly as possible to help 
them manage their health conditions and 
maintain their quality of life.

ABOUT THE COMPANIES

Midas Pharma is a mid-sized pharmaceutical 
company that offers products, services and 
expertise along the entire pharmaceutical 
value chain, from starting materials and 
APIs to the development of market-ready 
finished products and medical devices, 
as well as being marketing authorisation 
holder for medicaments. With more 
than 280 employees and 10 locations 
across all major pharmaceutical markets 
worldwide, Midas Pharma has excellent 
local know-how, local contacts and 
well-established networks in different 
pharmaceutical sectors.

Gerresheimer is a global partner for 
pharmaceutics, biotech, healthcare and 
cosmetics, with a very broad product range 
of packaging solutions and drug delivery 
systems. The company is an innovative 
solution provider from concept to delivery 
of the end product. Gerresheimer achieves 
its ambitious goals through a high level of 
innovative strength, industrial competence 
and concentration on quality and 
customer focus. In developing innovative 
and sustainable solutions, Gerresheimer 
relies on a comprehensive international 
network, with numerous innovation and 
production centres in Europe, the US and 
Asia. Gerresheimer operates close to its 
customers worldwide, with around 11,000 
employees, and generated annual revenues 
in 2022 of €1.82 billion (£1.57 billion). 
With its products and solutions, 
Gerresheimer plays an essential role in 
people’s health and wellbeing.
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Figure 3: Gx Inbeneo® modular platform concept.

35Copyright © 2023 Frederick Furness Publishing Ltd www.ondrugdelivery.com

https://www.ondrugdelivery.com


 Midas Pharma / Gerresheimer

ABOUT THE AUTHORS

Daniel Primavessy, PhD, studied Bioinformatics and Biotechnology at Saarland University (Germany) and 
completed his PhD from 2011 to 2017 at Philipps-University (Marburg, Germany) on peptide encapsulation 
into polymeric particulate systems. He worked for two years as a post doctoral researcher and for two years 
in a contract research organisation. In 2021, he joined Midas Pharma. As Project Manager and Scientist, 
Dr Primavessy’s work focuses on the evaluation of pharmaceutical innovation projects in device and formulation 
technology and the development of pharmaceutical products.

Sigrid Saaler-Reinhardt, PhD, studied Biochemistry at the Free University of Berlin (Germany) and received her 
PhD in Cell Biology and Oncology and became Professor of Molecular Genetics at the Johannes Gutenberg-
University of Mainz (Germany). Prof Saaler-Reinhardt has more than 30 years of experience in academic 
research and the pharmaceutical industry, most of it at Midas Pharma, with responsibilities for R&D and 
intellectual property management, and subsequently for custom synthesis, biotechnology and drug-device 
combination products. She is founder and consultant of her own company, EDUMO Consulting.

Katarzyna Maksymowicz is a Product Manager at Gerresheimer’s Advanced Technologies division, where 
she drives the development of the Gx Inbeneo® autoinjector platform. As a pharmacist (MPharm), she gained 
invaluable insights into patient experience with drug delivery devices, which she then augmented with a Pharma 
MBA and product management experience. She is passionate about applying her skills and knowledge to develop 
innovative products that meet the needs of patients, pharma customers and healthcare systems.

Marie Stockton is Marketing Manager in Gerresheimer’s Advanced Technologies division. With extensive 
experience in the medical device and scientific instrumentation fields, she leads global marketing strategy, 
planning and execution for the division.

SUBSCRIBE 

TODAY!
Sign-up

FREE
online
www.ondrugdelivery.com

& unlock unlimited access 
to all of our digital content

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

https://www.ondrugdelivery.com
https://www.ondrugdelivery.com


Gx Inbeneo® 
Autoinjector for biopharmaceuticals

In cooperation with

Patient-friendly design
— Push-on-skin activation for ease of use

— Double-ended needle shortens injection time

Created for biologic drugs
— Dry needle prevents clogging in storage

— Accommodates cartridges with  
baked-on siliconization

Quick customization  
— Platform concept reduces time-to-market

— Volumes up to 3 mL and viscosity up to 100 cP

Transparent casing  
for injection progress  
tracking

Cartridge-based system

Double-ended needle
remains dry in storage


