
INTRODUCTION

As climate change continues to drive 
political and legislative action, many 
organisations are striving to achieve 
net zero greenhouse gas emissions. For 
manufacturers of inhaled medicines, this 
means exploring more sustainable inhaler 
propellants. Switching from current 
pressurised metered dose inhaler (pMDI) 
propellants to new propellants with lower 
global warming potential (GWP) could help 
to reduce the carbon footprint of pMDI-
delivered medicines significantly.

The Montreal Protocols1 in the 
1990s drove the migration from 
chlorofluorocarbons (CFCs) to 
hydrofluorocarbons (HFCs) to address the 
critical need to move away from ozone-
depleting chemicals – but also started a 
move to lower-GWP fluorinated-gas (F-gas) 
propellants. Evolution of these regulations 
with the Kigali amendment1 aims to further 
reduce the use of higher-GWP F-gas 
propellants and promote the development 
and adoption of new low-GWP propellants. 
The structure of these targets is phased over 
time and across different regions but targets 
an 80% reduction in the use of current 
pMDI propellants in the EU by 2030, 
providing a strong incentive to migrate to 
these newer low-GWP options. 

DEVELOPMENT APPROACH

Addressing the Carbon Footprint
pMDIs represent a significant portion of 
carbon emissions in the medical sector, 

with an estimated 3.1% of emissions being 
due to these products, according to the 
UK NHS.2 Migration to alternative device 
technologies, such as dry powder inhalers 
(DPIs), has been suggested as a route to 
mitigate these risks. However, it should 
also be understood that the vast majority of 
emissions from pMDI devices are due to the 
propellant and reformulation to low-GWP 
propellants could potentially close, or even 
beat, the gap between pMDIs and their DPI 
and soft mist inhaler (SMI) alternatives.2

Understanding the overall carbon 
footprint of an inhaler is also more complex 
than just the choice of propellent gas, 
and companies looking to address their 
corporate social and environmental 
responsibilities need to look at the whole 
product lifecycle. This includes considering 
the production and transport of all the 
constituent device and formulation 
components, as well as distribution 
and disposal of the finished product. 
For example, inhalers make significant 
use of virgin-plastic materials and 
lack widescale recycling support. 
Some companies are making efforts 
to address this, such as Boehringer 
Ingelheim’s  development of a reusable 
version of its Respimat device platform, 
and it is important to look at the full 
context and complete lifecycle of a product.

Propellent Availability
The use of F-gases for pMDI products 
represents around 2.3% of F-gas 
contributions to greenhouse gas emissions,3 
with the use of F-gases as a refrigerant 
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by far the most dominant use. This could 
suggest that continued use of these gases 
for medical purposes may be supported 
within the global targets; however, the 
availability of high-purity, pharma-grade 
propellants at reasonable prices is a result 
of the large-scale production of these 
gases to support their use as a refrigerant. 
As production volumes reduce, the costs 
and availability of pharma-grade gases will 
increase significantly and so, regardless 
of a company’s broader carbon-reduction 
strategies, addressing the migration away 
from current HFA propellants will have 
both regulatory and commercial drivers.

Propellent Choice
Table 1 illustrates the key propellants under 
discussion. HFA 134a and HFA 227a are 
the propellants currently in widespread 
use for pMDI products, with HFA 134a 
representing the major proportion of 
current usage. HFA 152a and HFO1234ze 
are the primary new low-GWP propellant 
options being used in the development of 
new and reformulated pMDI products. Both 
new options provide physical properties 
that suggest some compatibility with the 
current HFA propellants – indeed, both are 

being used successfully by companies such 
as Chiesi (Parma, Italy) and AstraZeneca. 
The question of flammability, however, 
should be addressed.

HFA 152a is classified as an extremely 
flammable gas, with a minimum ignition 
energy within the range of a typical static 
discharge from a human. The concentration 
range needed for flammability does mean 
the risk is likely not significant for a patient 
in normal use, but it does present new 
challenges for identifying, assessing and 
managing the risk involved in handling 
the raw material and manufacturing the 
drug product. HFO1234ze is technically 
classified as non-flammable, however, 
it does have a flammability range at 
elevated temperatures and is generally 
classified as mildly flammable in its 
widespread use as a refrigerant.

While the incorporation of ethanol in 
existing HFA 134a-based formulations has 
presented some flammability challenges 
for current pMDI products, the particular 
challenges of HFA 152a may mean that 
significant investment in redesigning 
or upgrading manufacturing facilities 
is required to ensure that it can be 
handled safely.

Formulation
Whichever propellent is selected, despite 
the somewhat similar physical properties, 
reformulation of existing products may 
not be as simple as a drop-in replacement 
of the new propellent. The general 
principles of pMDI formulation still apply, 
with solution and suspension formulations 
achievable and currently used excipients still 
applicable if required.

Considering suspension formulations, it 
may be possible to maintain the engineered 
API particle size across a change in 
propellant. However, the stability and 
performance of the suspension formed will 

“Whichever propellent 
is selected, despite the 

somewhat similar physical 
properties, reformulation 
of existing products may 

not be as simple as a 
drop-in replacement 

of the new propellent.”

Table 1: An overview of the primary historic, current and future propellants of interest for pMDI formulations.3,4
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Propellant Structure Ozone 
Depleter

GWP 
(CO2 = 1)

Atmospheric 
Lifetime

Boiling 
Point °C

Density 
g/mL

Dipole 
Moment

Solubility 
of Water 

ppm

Flammable 
Range

Ignition 
Energy 

(mJ)

CFC 11 Yes 4,660 55 years 23.7 1.49 0.45 100
Non-

flammable
N/A

CFC 12 Yes 10,800 113 years -29.8 1.33 0.51 90
Non-

flammable
N/A

HFA 134a No 1,300 14 years -26.2 1.23 2.06 2,200
Non-

flammable
N/A

HFA 227a No 3,350 31-42 years -16.5 1.41 1.46 610
Non-

flammable
N/A

HFA 152a No 138 51.45 years -24.7 0.91 2.26 2,200 3.7-18% 0.38

HFO1234ze No <1 18 days -18.9 1.29 1.44 225

8-8.5% 
@30°C

5.7-11.3% 
@60°C

61,000
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depend greatly on the physicochemical 
properties of the propellent, such as its 
density and how it interacts with the 
surfaces of the micronised API. Examining 
the sedimentation stability of salbutamol 
sulphate suspensions in HFA 134a, 
HFA 152a and HFO 1234ze showed 
sedimentation rates of 188±26, 226±136 
and 60±24 mm/hr respectively, while 
HFA 227a showed creaming behaviour with 
the API not fully settling, likely due to the 
propellant’s higher density.5

Looking at solution formulations, the 
produced particle size from the device 
will depend more significantly on the 
characteristics of the aerosol spray, such 
as droplet size. Factors like the evaporation 
rate, solubility and density will all have an 
effect and research has shown differences 
in droplet size and spray stability when 
looking at both placebo and model 
formulations.6 The change in propellent 
can also influence the API solubility and 
may require changes in the co-solvent 
levels if migrating a solution formulation. 
The work referenced looked also at 
salbutamol sulphate and beclomethasone 
dipropionate solubility in HFA 134a, 
HFA 227a, HFA 152a, and HFO 1234ze.5 
Salbutamol showed no solubility in any 
of the propellants, while the solubility of 
beclomethasone dipropionate in HFA 152a 
was 400 μg/mL – more than twice the 
concentration observed with HFA 227a and 
three times the concentration observed with 
HFA 134a and HFO 1234ze.

When considering new chemical 
entities (NCEs), incorporating these new 
propellants into formulation development 
should be reasonably straightforward – 
provided that the development facilities 
address the increased handling risks. For 
reformulation projects, neither of the new 
propellants provide complete equivalence 
with those currently in use, and so a broader 
formulation development design should 
be considered to understand the specific 
behaviours and interactions between the 
API and the propellants.  

REGULATORY APPROACHES

For NCE products, incorporating these 
new propellants into product development 
should be more straightforward through 
the relevant NDA and marketing 
authorisation application (MMA) routes. 
Some work regarding the toxicology and 
safety of the new propellants will need to 
be incorporated, and the manufacturers of 

these propellants are working to support 
these studies and establish the drug master 
files to support their integration.7

Reformulating Products
When considering the reformulation of 
existing products, the regulatory approach is 
more complex. There is no specific guidance 
directing the industry on how to approach 
these reformulation projects; however, two 
main approaches present themselves – either 
treating it as a generic or as an NDA.

Approaching as a “hybrid” generic 
product via a US FDA Accelerated NDA 
505(j) application seems logical, as the 
objective is likely to replicate the current 
product with the new propellent. This 
may prove appropriate, however, modern 
expectations for bioequivalence have 
continued to develop and expand since some 
of the original products were developed.8 

The successful approval of inhaled 
generic products continues to prove 
challenging for the industry with only 
a handful of generic pMDI products on 
the market, highlighting the difficulty of 
demonstrating equivalence even without 
a change in one of the key formulation 
elements. With the major formulation 
component – the propellant – changing to 
a new material, the generic-like approach 
is potentially a significant challenge, due 
to the evolving toxicological and safety 
positions for these new propellants, the 
likely need to change other elements of the 
formulation to provide clinical equivalence 
and the likely change in spray characteristics 
that may impact in vitro equivalence. 

Approaching the product as an NDA is 
likely to be the more prevalent approach 
for these products, even though the API 
has an established safety and clinical data 
profile. Looking back to the CFC-to-HFA 
migration that started in the 1990s, this 
was generally the approach taken for those 
products. This provides the space to address 
more significant changes in formulation, 
while still using data from the existing 
approved product; however, it does mean 
a significant increase in expected costs and 
timelines overall.

The ecological urgency that drove 
migration away from CFC use is less 
prominent here and, even then, full 
replacement of the CFC pMDI market in the 
US took until 2014 to complete9 – 25 years 
after the initial experiments with HFA-
based formulations and 18 years after the 
1996 target in the Montreal Protocol for the 
end of all non-exempted use. The regulatory 

position surrounding these reformulation 
projects is still evolving but, given the 
targets of the latest amendments to the 
F-gas regulations, it is likely regulators 
will continue to take a measured, but 
conservative, approach to reviewing these 
products. Engaging early with the relevant 
regulatory parties and understanding 
the likely scope of the changes that are 
needed for a given product will be a key 
factor in ensuring that the development 
process is as focused, pragmatic and 
efficient as possible.

ANALYTICAL CONSIDERATIONS

When looking at the reformulation of 
an existing product, there is also a need 
to review the analytical methodology 
and overall chemistry, manufacturing 
and controls approach. Even if there are 
no significant changes in the analytical 
strategy, improvements in technology 
may yield improvements in method 
reliability, consumable use and overall 
turnaround time that can have a significant 
positive impact on the costs of the 
analytical activity.

With changes being made to the 
formulation, a suitable validation gap 
analysis of methods will be required, even 
if no changes are made to the procedures. 
These methods will underpin the generation 
of significant volumes of data, such as 
product characterisation, stability and 
in vitro bioequivalence work, so any 
validation should be addressed early in the 
process. Depending on the development 
and regulatory approach taken, it may 
be possible to use data from the existing 
product; however, care should be taken to 
ensure these data are evaluated against the 
current regulatory expectations. 
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Generics and In Vitro Bioequivalence
Whether or not a generic approach to the 
regulatory pathway is taken, understanding 
the current expectations and techniques 
used for building a strong understanding of 
in vitro bioequivalence is valuable. Current 
regulations still have an understanding of 
emitted dose and aerodynamic particle size 
at their core, but also include expectations 
for equivalence in priming and re-priming 
behaviour, spray pattern and plume 
geometry, which may prove more challenging 
to meet with a change in propellant.

Beyond the core regulatory expectations, 
considerable work has been undertaken 
to expand the range of analytical tests 
addressing in vitro-in vivo correlation, with 
the aim of both de-risking and reducing 
the need for clinical studies for generic 
product developments. Even if the generic 
approach isn’t being followed, these can 
provide additional insight into product 
performance during development and how 
the product might perform in the clinical 
setting. For pMDIs in particular, the use of 
spray pattern/plume geometry testing,10 as 
well as plume velocity and actuation force 
measurements,11 can generate key insights 
into aerosol and device performance.

Other developments, such as the 
incorporation of physiologically relevant 
throat models and breathing profiles, as 
well as the use of morphologically directed 
Raman spectroscopy,12 have provided key 
advances – in particular for DPI products – 
that may also provide useful insights here.

CONCLUSION

There is a combination of environmental, 
regulatory, commercial and ethical drivers 
pushing the industry towards adopting 
lower-GWP propellants for pMDI products 
as part of the overall management of 
their carbon footprint. The availability of 
new propellants, such as HFA 152a and 
HFO 1234ze, is scaling up with new 

manufacturing plants for both coming 
online in the last year. Both are well 
positioned for broad market adoption, 
although the handling risks of HFA 152a 
in particular will need to be addressed 
to incorporate these into existing 
manufacturing facilities safely.

Work looking to formulate products 
using these new propellants has shown 
them to be viable replacements, but also 
highlights that there will be development 
challenges to address in migrating existing 
products. The regulatory position is still 
developing for these reformulation projects, 
and collaboration and consultation between 
regulators and businesses will be important 
in developing best practices and expectations 
in this area, and ensure the commercial 
feasibility of an important legislative drive 
to tackle climate change.

ABOUT THE COMPANY

With 30 years of experience in supporting 
clients’ orally inhaled and nasal drug 
product development, Intertek provides 
support for small and large molecules across 
all respiratory delivery technology platforms 
from its GMP-compliant laboratories. 
With continual investment, Intertek 
has focused on expanding its analytical 
capabilities, integrated with formulation 
development and stability studies, 
to help enable its clients’ key decision-
making activities throughout the product 
development lifecycle. Intertek offers 
formulation development, including 
particle engineering approaches, with 
specialist support for biologics and DNA-
based medicines, clinical manufacturing, 
independent device screening/selection, 
CMC package support, ICH stability 
testing, QC and GMP batch release testing, 
in vitro bioequivalence studies and GMP 
IV-IVC tools (MDRS, inhaled dissolution, 
idealised inlet models and realistic breathing 
profiles for impaction testing).
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