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Introduction

This whitepaper summarises the regulatory requirements for the current transition to

low global warming potential (LGWP) propellants in pressurised metered dose
inhalers (pMDlIs). The focus is on the European requirements: a recent paper by Rik
Lostritto’ has separately given an independent perspective on products regulated by
the FDA. The European Medicines Agency (EMA) has recently issued a Q&A on data
requirements when transitioning to LGWP propellants? and has additionally issued

new drafts of key underpinning quality and clinical guidance i.e. the guidelines on the
quality requirements for inhaled and nasal products? and the guidelines for

demonstrating therapeutic equivalence between orally inhaled products (OIP) for

asthma and for chronic obstructive pulmonary disease (COPD)*. Key aspects of these

Q&A and guidance will be explored in this whitepaper.

Background

pMDIs have been used to deliver medicines to the respiratory system since the late
1950s. The 15t generation of pMDlIs used chlorofluorocarbon (CFC) based propellants
to deliver the aerosol from the formulation; these CFC propellants were found to
have a detrimental effect on the ozone layer surrounding earth. The Montreal
Protocol® drove redevelopment of the CFC based pMDIs and a 2" generation of
pMDIs using hydrofluoroalkane (HFA) propellants, notably HFA-134a and HFA-227ea
were developed starting in the late 1980s. These HFA propellants do not have the
ozone depleting potential of the CFCs but they do have a high global warming
potential (GWP), with HFA-134a having a value of 1430 and HFA-227ea a value of
3220 (AR4, F-Gas 2024/573)¢ corresponding to a 1430-fold or 3220-fold increase in

global warming potential over 100 years compared to one kilogram of CO.. As a
result of the Kigali amendment’ which introduced a rapid hydrofluorocarbon (HFC)
phase-down that is to reduce HFC production and consumption by more than 80%
over the next 30 years, a 3™ generation of propellants is being developed which are
neither detrimental to the ozone layer nor have a high GWP. It is estimated that the
Kigali Amendment alone will save up to 0.4 °C of additional warming by the end of
this century. (AR4, F-Gas 2024/573)¢.

Two new molecules, HFA-152a with a GWP of 124¢ and HFO-1234ze(E) with a GWP of
1.37 (AR6)8, are being developed to replace the 2" generation HFA propellants. The
previous transition from 15t to 2" generation propellants was a prolonged and
difficult one for the pharmaceutical industry. Regulatory guidance on the quality of
pMDIs was in its infancy when development on this 274 generation of pMDI products
was started and the regulatory guidance was developed as the new products were

© DLRC Group

www.kouraglobal.com | www.dlrcgroup.com


http://www.kouraglobal.com/
http://www.dlrcgroup.com/

developed which meant that the requirements increased as the development
progressed. This was further complicated by the low solvency power of the HFA
propellants which meant that simple surfactants used in the 15t generation were
insoluble in the 2" generation formulations. Alternatives were found which meant
redevelopment of the pMDI valve, can and actuator in many cases had to occur
which caused significant complications.

The 3 generation of propellants have been developed to have a higher solvency
power and accordingly it is expected that minimal redevelopment of cans, valves
and actuators will be required. The next section of this white paper focuses on the
regulatory guidance that applies in Europe and the UK for pMDls.

Regulatory Requirements

Propellant replacement constitutes a major change to the formulation of established
pMDI medicinal products; therefore, data confirming maintenance of product
performance and addressing possible toxicity and local tolerance of novel
propellants need to be provided to regulatory authorities. The key EU guidance
documents on the quality requirements for inhaled and nasal products® and the
guidelines for demonstrating therapeutic equivalence between orally inhaled
products (OIP) for asthma and for chronic obstructive pulmonary disease (COPD)*
provide a regulatory framework and the new EMA Q&A [Questions and answers on
data requirements when transitioning to low global warming potential (LGWP)
propellants in oral pressurised metered dose inhalers] supports their interpretation for
the specific case of propellant change. The main focus of this whitepaper is to cover
the regulatory requirements in the quality, clinical, and nonclinical areas based on the
EMA Q&A and guidance documents and also address what should be the legal basis
for submissions. Each of the three areas: quality, clinical, and nonclinical, is considered
inturn:

Quality Requirements

The quality data requirements for introduction of a new propellant depend on
whether the propellant is regarded as novel. The Q&A? initially focuses on the first
submission for regulatory approval of a novel propellant. This submission will require
full quality data in relation to the new propellant according to section 4.6 of the
Guideline on excipients in the dossier for application for marketing authorisation of
a medicinal product®. As for any novel excipient, full details of manufacture,
characterisation, and controls should be provided, with cross references to
supporting safety data. The quality data should be presented according to the drug
substance format, i.e. section 3.2.S of the common technical document (CTD) for the
registration of pharmaceuticals for human use: quality (M4Q(R1))."° Once the novel
propellant has been used in an approved medicinal product with the same route of
administration, with sufficient data available including pharmacovigilance data, it
will become an established LGWP propellant and subsequent submissions would
simply need to provide a standard section 3.2.P4. including suitable excipient
specifications.

In addition to the requirements on the LGWP propellant as an excipient, the change
of composition will have a significant impact on the drug product functionality and
performance and the Q&A pulls out some specific areas to be addressed in terms of
pharmaceutical quality:

All relevant pharmaceutical development studies required that are
described in the guideline for the pharmaceutical quality requirements for
inhaled and nasal products3. The choice of studies should be guided by risk
assessment for a potential impact on product quality, safety and efficacy;
they are likely to include in vitro particle/droplet size and spray
characterisation, a reassessment of usability aspects such as priming,
cleaning, temperature cycling, and robustness. A change in propellant may
also bring differences in moisture sensitivity and ability to leach chemicals
from the container.
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Any aspects of the propellant which impact the usability of the drug
product such as mouth feel, taste, flammability and expelled pressure
should be addressed.

Update of the finished product release and shelf-life specifications to
reflect any changes in characteristics of the reformulated product.
However, for a product that is intended to be therapeutically equivalent to
the existing formulation, the critical quality attributes should not be
substantially changed.

Discussion of any device related changes with reference to the EMA
Guideline on quality documentation for medicinal products when used with
a medical device™. In addition to functionality-related changes (described
in the eCTD dossier) any device changes may require an update to General
Safety and Performance Requirements (GSPRs) and therefore may need to
build in a notified body reassessment.

The guideline also notes that applicants can potentially cross refer between
products in the MAA documentation, hence, this could be relevant if the
same valve/actuator changes are made for several devices for example.
Manufacturing process validation data, at production scale unless the
process can be defined as a ‘standard’ process.

Stability data for at least two batches in the commercial container closure
system and preferably of production scale to conclude similar stability
profile. The Guideline on stability testing for applications for variations to a
marketing authorisation recommends these should be of at least 6 months
in duration (long term and accelerated conditions).”

The in vitro characterisation described in the first bullet point may also be used as
the first step to establishing therapeutic equivalence between the reformulated
and the reference product (see Clinical requirements: section c: Clinical exposure).

Nonclinical Requirements
Before a propellant can be approved for use in pMDI applications it must be shown
to have acceptable safety in use. The Q&A? focuses on the need for toxicology and

pharmacokinetic studies. As excipients, by definition are not expected to have any
pharmacological activity, primary and secondary pharmacology studies are not
warranted. Safety pharmacology endpoints can be integrated into the toxicology
studies.

Full details as given in the excipients guidance® should be provided where it states:
Cross references to supporting safety data should be provided for novel
excipients
Any bibliographical data on the chemistry and on the toxicology and
information on where and how the product is currently used should be
provided (e.g. industrial application).

The Community provisions concerning additives in foodstuffs: include
criteria based on toxicological data. These criteria ensure that additives are
safe for consumption and are supported by thorough toxicological
evaluations.

Data concerning the toxicology of the novel excipient according to the
dosage form and the route of administration of the medicinal should be
provided in Module 4, the safety section of the dossier.

The Q&A? also makes extensive reference to the ICH M3(R2) guidance on nonclinical
safety studies for the conduct of human clinical trials and marketing authorization
for pharmaceuticals®®; this guidance emphasises the importance of providing
adequate nonclinical data for any new substance, whether active or excipient. In
real terms, this means the following types of toxicology studies should be
considered:

Acute toxicity

Repeat dose toxicity

Genotoxicity

Carcinogenicity

Reproductive toxicology

Local tolerance
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The general toxicology studies should typically be performed in two species (rodent
and non-rodent). In addition, the requirements of ICH S11 (nonclinical safety testing
in support of development of paediatric pharmaceuticals)* may apply if the drug
product is intended for a paediatric population. Lastly, a repeat dose bridging
toxicology study with the drug product formulation should be considered.

Clinical Requirements
The introduction of a novel propellant may bring differences in the safety and
efficacy of the finished product: either through safety and local tolerance of the
propellant, or from changes to local and systemic exposure resulting from
differences in delivery of the drug substance(s). These should be addressed: clinical
requirements are sub-divided into three specific areas in the Q&A?: local tolerance,
clinical safety and clinical exposure. These three areas are considered in turn:
propellant-only studies should be conducted on both
ciliary function and airway sensitivity. Ciliary function studies should be
conducted in non-smoking healthy volunteers. For airway sensitivity, lung
function studies should be conducted in asthmatic patients, a pilot study may
be required if there is no information on the novel propellant in this area.

a study of at least 3 months in approximately 300 subjects
per treatment arm (healthy volunteers or patients) is required to evaluate
adverse events such as bronchoconstriction, hoarseness and cough. Ideally,
whilst this should be with propellant only to avoid masking of adverse effects of
the novel propellant, in practice a 3-month study with propellant only would be
hard to conduct so the Q&A recommends that the study be conducted with a
single drug substance that is indicated for daily maintenance. This may be
interpreted to mean that if propellant-only studies have not been completed,
each new combination of drug substance/propellant in the early days of
registration of LGWP propellant containing pMDIs would need a 3-month safety
study. Combination therapy of 2 or 3 separate drug substances in the same
formulation would similarly be affected. A comparator product which is an

approved pMDI product supported by a full dossier should be included in the
3-month study.

Subsequent applications for a hybrid version of an approved formulation would
not require this 3-month study.

in many cases in the early registrations of LGWP
propellant containing pMDls, the drug product is likely to be a variation of a
current product. To demonstrate that the local and systemic exposure of the
active substance(s) is not impacted by the propellant change, therapeutic
equivalence should be confirmed as outlined in the draft guideline on the
requirements for demonstrating therapeutic equivalence between orally
inhaled products (OIP) for asthma and chronic obstructive pulmonary disease
(COPD).# In this guidance, a stepwise procedure is outlined starting with in vitro
equivalence studies but progressing to pharmacokinetic or pharmacodynamic
studies if necessary, which is illustrated graphically in Figure 1.
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Figure 1: Schematic overview of the three-step approach for showing therapeutic equivalence for orally inhaled products.

Step 1: Compare the test and reference products /in vitro.

Are test and reference products therapeutic equivalent by means of in vitro data?

Step 2: Conduct PK study to investigate safety (total exposure) and efficacy (lung deposition in a setting with charcoal or partial AUC as
appropriate if Gl tract contribution to absorption is not negligible).

Are test and reference products therapeutic equivalent by means of PK data for all active substances?

Step 3: If the PK safety study failed for any active substance, conduct a PD safety study targeting that substance. If the PK efficacy study failed,

conduct a corresponding PD efficacy study. Applicable PD models may not be available for all substances or combinations of substances.
Reformulation might be the best alternative in this situation.

Are test and reference products therapeutic equivalent by means of PK and PD data?
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Step 1 — Therapeutic equivalence may be demonstrated using an in vitro
equivalence study and requirements are laid out in some detail in the draft guideline
on the requirements for demonstrating therapeutic equivalence (TE) between OIPs
for asthma and COPD* rather than being repeated here. The test and reference
products should be compared to conclude therapeutic equivalence. The basis for
this comparison is an in vitro assessment of aerodynamic particle size distribution
(APSD); the study should be performed and evaluated using a cascade impactor
and a study protocol which includes methods of comparison and acceptance
criteria. The general methods are described in Chapter 2.918 of the European
Pharmacopoeia. A suitable cascade impactor is illustrated in Figure 2 below with a
photograph of the opened impactor followed by a schematic of the key stages:

Figure 2: The next generation cascade impactor (NGI)

hole 24 holes. 152 holes. 830 holes

The NGl is a complex piece of equipment which samples an aerosolised dose
according to its particle size in a similar way that the human respiratory system
does. In the human respiratory system, the aerosolised dose is inhaled and the
larger particles will deposit in the throat and upper airways whilst the smaller

particles deposit in the central and peripheral (i.e. alveoli) airways. The NGI mimics
this process in sampling an aerosolised dose by drawing it through the impactor at
a set flow rate. The impactor is composed of a series of progressively finer screens
(stages) where the larger particles deposit on the earlier stages in the impactor
and the smaller particles deposit on the middle and later stages. For example, at a
flow rate of 30 L/min, the cut-off diameters for each of the 7 stages are given in
Table 1 below:

Table 1: NGI Cut-Off Diameters

age Off Diamete
1.72
6.40
3.99
2.30
1.36
0.83
0.54

N o6 A WN (=

Particle sizes typically in the 1pum to 5 um range are targeted for the treatment of
asthma.

Therapeutic equivalence between two inhaled products is sufficiently
demonstrated based only on in vitro data, if the applied test product fulfils all the
following criteria compared with the reference product:

The product contains the same active substance (e.g., same salt, ester,
hydrate or solvate).

The pharmaceutical dosage form is identical (e.g., pMDI, non-pressurised
MDI, dry powder inhaler (DPI)).

If the active substance is in the solid state (powder, suspension): any
differences in crystalline structure and/or polymorphic form should not
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influence the performance of the product (e.g., aerosol particle behaviour,
in vitro dissolution with relevant conditions).

Any qualitative and/or quantitative difference in excipients must be
adequately justified and deemed not to influence relevant Critical Quality
Attributes and/or any aspect of product performance other than those
that are covered by the comparison of the APSD (e.g. mouth/throat feel,
taste, patients’ compliance, or safety).

Handling of the inhalation devices for the test and reference products in
order to release the required amount of the active substance should be
similar.

For DPI and breath-actuated inhalers, the inhalation device should have
the same resistance to airflow (within £15%).

The target delivered dose should be similar (within £15%).

The aerodynamic particle size distribution (APSD) should be similar.

For a change in propellant the evidence for therapeutic equivalence is therefore
built largely around the comparison of delivered dose and APSD, but also takes into
account the properties of the new excipient, any resulting physicochemical
differences and usability aspects.

At least three consecutive batches of the test product and three batches of the
reference product should be tested with a minimum of ten inhalers of each batch.
The complete APSD profile is required to conduct the test, although stage grouping
is allowed for the comparison exercise, if pre-defined and justified. The APSD
comparison should be presented as the 90% confidence interval (Cl) for the
observed ratio of the geometric means of test and reference product and similarity
is concluded if the 90% Cl is within the acceptance limit of £15% (85.00-117.65%).
Data should be provided both with and without spacer/holding chamber and for all
strengths.

If it has not been possible to demonstrate therapeutic equivalence through in vitro
studies, it is possible to compare the performance of the test and reference

products using human pharmacokinetic or pharmacodynamic studies as defined in
Steps 2 and 3.

Step 2 — Pharmacokinetic (PK) data are required in the case that the in vitro data
do not demonstrate therapeutic equivalence. PK studies aim at evaluating
pulmonary deposition and total systemic exposure compared to the reference
product. PK endpoints are considered valid surrogate markers to adequately
predict similarity in the pattern and extent of deposition in the lungs and the
systemic exposure and, thereby, equivalence in both efficacy and safety. Detailed
guidance on study design, conduct and evaluation is given in the draft guideline on
the requirements for demonstrating therapeutic equivalence between OIPs for
asthma and COPD.#

For safety, total exposure (AUCo-tand Cmex) following inhalation in a PK study
without charcoal administration should be used.

For efficacy, exposure (AUCo-t) is also valid as a surrogate marker to reflect
the amount of drug that has reached the lungs and Cmax allows for an
assessment of similarity in deposition pattern. Where the contribution from
the gastrointestinal tract to the systemic exposure following inhalation is
negligible, i.e. <5%, then the total systemic exposure could be used directly
as a measure of lung deposition. Otherwise, local exposure could be
determined as either exposure (AUCot and Cmax) following charcoal
administration to block gastrointestinal absorption or (in case of rapidly
absorbed substances) truncated AUCo-30 min and Cmax to measure early
exposure prior to any gastrointestinal absorption in a study without
charcoal administration.

A widening of the acceptance criteria for Cmax based on high intra-individual
variability in line with the recommendations in the Guideline on the investigation of
bioequivalence* may be possible for substances where a wider difference in Cmax is
considered clinically irrelevant.
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Step 3 — If both steps 1 and 2 do not show therapeutic equivalence then any
concerns about safety or efficacy arising from the differences observed should be
addressed with targeted pharmacodynamic (PD) studies. Appropriate endpoints
for efficacy are measures of airway function and/or inflammation, and appropriate
endpoints for safety are measures of relevant biochemical and/or physiological
parameters. Safety assessments including monitoring of adverse events should
always be included in the efficacy studies regardless of design. The Q&A?
recommends that scientific advice is sought before any PD studies are conducted
to ensure that their design is appropriate. It is often difficult to design PD studies due
to inadequate assay sensitivity and with some drug substances adequate PD
models are not available. At this stage potential reformulation could alternatively
be considered to address the lack of therapeutic equivalence via PK studies if a
suitable PD study cannot be designed.

In summary, the reformulation of a pMDI with novel propellants requires not only the
submission of quality. toxicology, clinical safety and local tolerance data relating to
the new excipient (see Section 3 Current Regulatory and Development Status of
LGWP Propellants for more on this), but also where an existing pMDI is updated, a
careful evaluation of any impact on finished product functionality and
performance. In demonstrating therapeutic equivalence between original and
reformulated products, developers can show the efficacy and safety profile of the
products is sufficiently comparable so that a clinically relevant difference can be
reliably excluded. A stepwise approach should be taken for demonstration of
therapeutic equivalence, starting with in vitro equivalence studies and only
progressing to pharmacokinetic or pharmacodynamic studies if necessary. The
Q&A on data requirements when transitioning to LGWP propellants in pMDlIs?
provides a helpful overview and roadmap.

This whitepaper focuses on guidance that can support switching propellant for
existing medicinal products. For new products that are not relying on the
established safety and efficacy of a reference product, these need to be
demonstrated through more extensive clinical trials not described here. The
principles outlined in the Q&A and supporting guidance should however be followed
to support changes made during development.

It is highly recommended that any company intending to develop a pMDI with a
novel LGWP propellant should apply for scientific advice to the pertinent regulatory
authority throughout the development to discuss the development and regulatory
strategy for their product. This will ensure an optimal development in line with the
current regulatory guidance and will smooth the path of the regulatory submission.
The advice can be sought for quality, nonclinical and clinical strategy and is
invaluable in helping companies develop their products.

How is this working in practice? The following section givers a brief summary of the
current regulatory and development status of LGWP propellants.

Current Regulatory and Development Status
of LGWP Propellants

Nonclinical

Nonclinical programmes for both LGWP propellants to support MAAs are complete
or nearing completion. The propellant manufacturers have been working alongside
pharmaceutical companies to produce a robust package of data for both
propellants and have indicated that regulatory agencies have assessed the
development programmes. As a result, both HFA-152a and HFO-1234ze(E) appear to
be safe for their intended use as propellants in pMDIs™-1

Clinical

Various clinical programmes are well underway or nearing completion for LGWP
alterative propellants. Initial clinical investigations for HFA-152a began with a Koura
sponsored first in human propellant only trial, where quantitative endpoints to
assess safety and tolerability included pulmonary function testing (PFT) and vital
signs (HR, BP, RR and SpO>). Concurrently, taste, clinical observations and PK were
performed. Overall, the data showed that following oral inhalation from a pMDI,
HFA-152a was well tolerated, had minimal impact on several aspects of taste
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scoring and was rapidly cleared from the blood. There were no adverse events
during the study."”

As mentioned above, the EMA have requested further local tolerance and safety
studies be carried out on novel propellants, which includes assessment of
mucociliary function and airway sensitivity on propellant only formulations. The
assessments of these end points are complete for HFA-152a (NCT05472662,
NCT05875025) and HFO-1234ze (NCT05850494, NCT05755932), with indications
that these new alternatives have similar safety and tolerability to existing HFAs."®

Phase 3 clinical trials that will allow for submission of MAAs to regulatory agencies
are either complete or in progress. A major pharma company announced the
completion of a HFO-1234ze trial in September 2024 with first submissions expected
before the end of the year™. Drug product submissions containing HFA-152a are
expected to quickly follow in early 2025.2°

Conclusion

This whitepaper has considered regulatory requirements for the current transition
to low global warming potential (LGWP) propellants in pressurised metered dose
inhalers (pMDls). The previous transition to HFA propellants was a prolonged and
difficult one for the pharmaceutical industry. In order to navigate the current
transition successfully, pharmaceutical companies need to have a good
understanding of the current regulations and how to tailor their development and
regulatory strategies to be successful. Koura and DLRC can provide expert support
based on strong histories working in these areas in both companies.

Support for Companies Developing LGWP
pMDI Products

orbiaQ)) | Huersiress 938

Orbia’s Fluor & Energy Materials business (branded as Koura) is a global leaderin the
development, manufacture and supply of Fluoroproducts that play a fundamental
role in enhancing everyday lives and shortening the path to a sustainable, circular
economy. Backed by over 35 years of experience, Orbia Fluor & Energy Materials’
products are used in a vast range of applications including electric vehicles and
energy storage, urban and rural infrastructure, indoor climate management, food
and medicine refrigeration and even in treating respiratory conditions through the
development of healthy and innovative LGWP propellants for metered dose
inhalers. Orbia Fluor & Energy Materials has 1,600 employees and 13 manufacturing
facilities worldwide, serving 60 countries through a global sales and distribution
network

In addition to this Orbia Fluor & Energy Materials provides contract manufacturing
and development services to the inhalation drug product industry. The laboratories
based in their Chester site have the capability of providing early phases
development to pilot scale with certification to manufacture for clinical trials.

DLRC is a dedicated consultancy team of highly qualified and experienced
Regulatory Affairs professionals who have come from pharmaceutical company
and regulatory agency backgrounds. We have provided our services to over 130
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companies of all sizes and backgrounds, enabling them to achieve their strategic
and operational development objectives. DLRC’s expertise and flexible working
approach ensure a highly motivated team that interacts effectively with clients and
regulators globally and supports both single-issue and long-term commitment to
projects.

We have significant experience in inhaled products and have helped clients
develop, write, submit, and approve inhaled submissions for DPIs and Nebules and
subsequently manage post-approval regulatory activities for the same clients. In
addition, we have managed scientific advice for a number of clients for inhaled
products both in Europe and the USA, which includes a number of advice procedures
involving LGWP propellants. DLRC also has a device team that will help clients
navigate global medical device regulations and assist in the design and
development process. The team helps clients meet technical and regulatory
requirements while facilitating early interactions with regulatory authorities.
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