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Abstract
This publication provides some industry reflections on experiences from the Chemistry, Manufacturing, and Controls (CMC) 
development and manufacture and supply of vaccines and therapies in response to the COVID-19 pandemic. It integrates 
these experiences with the outcomes from the collaborative work between industry and regulators in recent years on inno-
vative science- and risk-based CMC strategies to the development of new, high-quality products for unmet medical needs. 
The challenges for rapid development are discussed and various approaches to facilitate accelerated development and global 
supply are collated for consideration. Relevant regulatory aspects are reviewed, including the role of Emergency Use/
Conditional Marketing Authorizations, the dialogue between sponsors and agencies to facilitate early decision-making and 
alignment, and the value of improving reliance/collaborative assessment and increased collaboration between regulatory 
authorities to reduce differences in global regulatory requirements. Five areas are highlighted for particular consideration in 
the implementation of strategies for the quality-related aspects of accelerated development and supply: (1) the substantial 
need to advance reliance or collaborative assessment; (2) the need for early decision making and streamlined engagement 
between industry and regulatory authorities on CMC matters; (3) the need to further facilitate ‘post-approval’ changes; (4) 
fully exploiting prior and platform knowledge; and (5) review and potential revision of legal frameworks. The recommenda-
tions in this publication are intended to contribute to the discussion on approaches that can result in earlier and greater access 
to high-quality pandemic vaccines and therapies for patients worldwide but could also be useful in general for innovative 
medicines addressing unmet medical needs.

Keywords analytical · anti-viral · chemistry · cleaning · CMC · commercial · comparability · control · controls · 
conventional · COVID-19, coronavirus · distribution · formulation · GMP · good manufacturing practice · importation · 
inspection · manufacturing · packaging · presentation · process · shelf-life · stability · strategy · validation · vaccine · 
regulatory · reliance/collaborative assessment · regulatory authority collaboration · parallel development

Introduction

At the time of writing (March 2022), billions of people 
have been, and continue to be, impacted by the COVID-19 
pandemic, with over 100 million cases reported world-wide 
and in excess of 2.8 million deaths (1). Mass vaccination 
programs have been initiated in many countries creating 

the need for the greatly accelerated expansion of the sup-
ply of rapidly-developed vaccines. The rapid expansion of 
supply is also an expectation for the newly developed anti-
viral COVID-19 therapeutics. This publication reflects on 
previous work by industry and regulators on approaches to 
accelerate the Chemistry, Manufacture, and Controls (CMC) 
aspects of development and Good Manufacturing and Dis-
tribution Practices (GMDP) for the supply of new therapies 
and vaccines (2–7), and on guidance developed to date for 
the development of medicines for COVID-19 (8–16), in the 
context of the lessons beginning to emerge from the global 
response to the pandemic crisis. Such interactions provide 
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the foundation and framework for ongoing dialogue to estab-
lish common working principles and consultation mecha-
nisms for industry and health authorities.

Several critical approaches for improving the rapid devel-
opment and supply capacity of vaccines and therapies for 
effectively responding to future pandemics are discussed. 
These reflections and recommendations are intended to 
stimulate ongoing discussion among stakeholders (including 
industry, regulators, and patient groups) on measures that 
could facilitate public health responses in future pandem-
ics, and that could also be valuable in non-pandemic situa-
tions. The recommendations and discussion points proposed 
within, augment and expand on the vaccine-specific recom-
mendations proposed by McGoldrick et al. (17, 18)

One of the most challenging issues faced by companies 
introducing innovative medicines for use in the COVID-19 
pandemic was having to engage each authority and their 
respective governmental distribution organizations to negoti-
ate regulatory criteria for authorization and distribution in 
each market. Companies found that differences in expecta-
tions between different regions could not be managed dur-
ing parallel, simultaneous submissions due to resource con-
straints. A critical observation from the industry perspective 
is the importance of prospectively establishing principles 
for alignment and collaboration of regulatory authorities 
with their respective governmental distribution organization 
before the next pandemic.

Challenges Faced by Industry during the Pandemic

Conventional product development generally relies on a sequen-
tial approach to understanding product attributes and develop-
ing process knowledge that connects the quality attributes and 
material characteristics of the drug substance, raw materials, and 
other product and packaging components with associated manu-
facturing processes and supply chain operations. All accelerated 
clinical development programs result in the compression of time 
available for the development of CMC quality attributes and the 
establishment of a robust product control strategy that reliably 
provides products to patients.

It is understood that the discovery and approval of new 
medicinal products in a pandemic crisis can only be enabled 
by accelerated clinical programs. To support such acceler-
ated clinical programs and the subsequent commercial dis-
tribution, the technical and regulatory challenges to develop 
manufacturing and supply chain capacity to deliver safe and 
effective products should not be underestimated.

Before the current pandemic crisis, industry and regulators 
had been collaborating for several years to explore innovative 
CMC and Good Manufacturing Practices (GMP) approaches 
and principles that can facilitate the rapid science- and risk-
based development of new, high-quality medicines (2–7). Vari-
ous science- and risk-based approaches have been identified 

that could facilitate more rapid generation of the CMC infor-
mation required. While good progress was being made in this 
work, global harmonization of principles for accelerated CMC 
development to support early patient access has not yet been 
demonstrated and significant differences exist in pre- and post-
approval regulatory expectations for medicinal products sup-
plied through early access initiatives in Europe, United States 
of America (US), Japan, and China. Reducing regulatory dif-
ferences will improve accelerated access to these new products 
for global populations; regions that maintain local requirements 
(not aligned with, or in addition to those agreed in e.g., Interna-
tional Council for Harmonisation of Technical Requirements 
for Pharmaceuticals for Human Use (ICH)) may inadvertently 
delay patients’ access to these innovative medicinal products.

In non-pandemic situations, products developed under 
accelerated programs may warrant limited manufacturing 
and supply chain capacity to serve relatively small patient 
populations. However, the COVID-19 pandemic demon-
strated the clear need to rapidly develop a sustainable sup-
ply capacity of billions of doses of new, life-saving vaccines. 
This unprecedented challenge demanded alternative, compli-
ant, approaches to ensure a supply chain to meet this huge 
global demand. Furthermore, both industry and regulators 
have found that it is important to reassure the public that 
although new therapies and vaccines have been developed 
rapidly, corners have not been cut. The same standards for 
quality, safety, and efficacy are being applied, and these 
early-access products are subject to rigorous regulatory 
review before approval/authorization.

Given the scale of the worldwide patient population at 
risk of COVID-19, standard (sequential) approaches to CMC 
development and supply could not deliver the medicines 
required by patients in a timeframe aligned with innova-
tion in clinical programs. Parallel, accelerated clinical and 
CMC development efforts for a COVID-19 vaccine have 
required large, ‘at-risk’ investments ($billions) in manufac-
turing and supply infrastructure, both before the safety and 
efficacy of the vaccine were confirmed, and after authoriza-
tion for emergency use, to rapidly expand the supply. There 
is therefore an opportunity to consider how even greater 
agility can be supported to meet the quality, global regula-
tory, and logistical demands for new medicines in pandemic 
situations.

Discussion

Can We Create a Paradigm Shift in CMC 
for the Development and Supply of Pandemic 
Therapies and Vaccines?

In considering how the challenge of expediting the CMC 
development and supply of new medicinal products can be 
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met and can evolve (not specifically for pandemic situa-
tions), industry and regulators have established many key 
principles via dialogue in stakeholder workshops and pro-
posals in published literature. In 2016, a joint industry and 
US Food and Drug Administration (FDA) group published 
a reflection on Manufacturing Readiness for Breakthrough 
Drug Development (2), which proposed important principles 
for acceleration. In a related article in 2017, the European 
Federation of Pharmaceutical Industries and Associations 
(EFPIA) proposed further detailed principles to facilitate 
rapid science- and risk-based development of new high-
quality medicines (3). These were expanded upon using the 
experience of real case studies at the European Medicines 
Agency (EMA)/FDA 2018 PRIME/Breakthrough Quality 
workshop (5) and the 2017 EMA prior knowledge workshop 
(4). Most recently, in 2020, EFPIA expanded upon these 
principles in a further paper (6) on the development and sup-
ply of COVID-19 pandemic medicines. In 2021, the EMA 
published, for consultation, a draft CMC acceleration tool-
box (7), based on lessons of the 2017 and 2018 workshop 
discussions.

The primary conclusions drawn from these engagements 
have been consolidated (Table I) into a series of poten-
tially impactful approaches to enable the accelerated CMC 
development and supply of pandemic medicines. These 
are proposed for discussion between industry and regula-
tors to agree on principles that could be incorporated in, 
for example, harmonized guidelines to enable accelerated 
CMC development, especially in pandemics. The principles 
described in Table I must always be applied within a sci-
ence- and risk-based framework and need to be considered 
in relation to local legislative requirements. In some cases, 
revision of the legal framework may be necessary to enable 
the implementation of some or all of the principles in Table I 
so as to facilitate the rapid supply of life-saving therapies 
and vaccines.

In developing the recommendations consolidated in 
this publication, the following core principles have been 
considered:

• Fundamentally, the principle that accelerated CMC 
approaches must demonstrate product quality and 
patient safety is unchanged. Indeed, for COVID-19 
pandemic medicines, the quality expectations (speci-
fications) for supply under emergency use were the 
same as for commercial supply under a marketing 
authorization. The application of these acceleration 
approaches should carefully consider the benefit/
risk for patients (19). For example, in a pandemic, 
therapeutic treatments may be needed for critically ill 
patients, whereas vaccines are administered to healthy 
subjects, some of whom may be at very low risk of the 
pandemic infection.

• Many expectations for CMC development enshrined in 
global and regional guidance are essential. However, the 
application of innovative, state-of-the-art, science- and 
risk-based approaches to CMC development, manufac-
ture, and supply can enable and have enabled, safe, high-
quality medicines to be delivered more rapidly than by 
using conventional approaches.

• Innovative science- and risk-based approaches should be 
applied across both the development and post-approval 
commercial manufacturing stages of the product lifecy-
cle. As well as developments that enable rapid clinical 
programs and accelerated approval, supply on the scale 
required for pandemic medicines requires an equal focus 
on the post-approval phase (whether for emergency use 
or full marketing authorization), an area in which the 
authors believe the COVD-19 pandemic experiences can 
provide useful insights.

• Effective dialogue and collaboration between developers 
and regulators on CMC development and supply (includ-
ing how to scale manufacturing and implement post 
launch changes) is essential to facilitate early decision-
making and alignment. In a pandemic setting, there will 
be multiple companies developing products on acceler-
ated timelines and seeking dialogue with multiple regula-
tory agencies. The International Coalition of Medicines 
Regulatory Authorities (ICMRA)-Industry Workshop 
on Enabling Manufacturing Capacity in the COVID-19 
Pandemic (20), highlighted the very positive benefits of 
dialogue for accelerated development of COVID-19 med-
icines and suggested there are opportunities to further 
enhance this collaboration and dialogue for both industry 
and regulatory agencies.

Could Regulatory Guidance and Initiatives for CMC/
GMDP Related to COVID‑19 and Future Pandemics 
Be Developed in Advance?

In response to the COVID-19 pandemic, regulators rapidly 
issued guidance and introduced processes to facilitate the 
development of new therapies and vaccines. An opportunity 
for future pandemic preparedness is for globally-harmonized 
regulatory guidance to be developed in advance, to avoid 
the duplication of effort associated with the development of 
potentially non-aligned guidance by individual regulatory 
agencies.

In Europe, the EMA began to issue guidance in 2020 to 
address the challenges presented by COVID-19 to the supply 
of medicines for the acute treatment of COVID-19 patients 
and the development of new COVID-19 medicines. Similar 
programs and guidance were developed by FDA and many 
other countries globally. Regulatory agencies collaborated 
through organizations, such as ICMRA, and this also created 
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one of the forums for dialogue with industry. In addition, 
the Access to COVID-19 Tools (ACT) Accelerator was 
launched in April 2020, by the World Health Organization 
(WHO) and partners, to accelerate development, produc-
tion, and equitable access to COVID-19 diagnostics, and 
medicines (21).

COVAX is the vaccines pillar of the ACT Accelerator, 
co-led by the Coalition for Epidemic Preparedness Innova-
tions (CEPI), Gavi, the Vaccine Alliance, and the WHO and 
involves experts from across the industry. CMC considera-
tions have been discussed in the COVAX Manufacturing 
Support Work to Advance Teams (SWAT) including pro-
cess validation; comparability strategies; stability prediction; 
specifications setting and testing strategies; post-approval 
changes; batch testing and release processes; and inspec-
tions (22). Some of the key questions are also discussed 
and addressed in WHO periodic publications, for example, 
the 1st Technical Brief: Regulation of COVID-19 Vaccines 
Synopsis from the August to October 2020 COVAX RAG 
meetings (13). Several such CMC aspects are common 
across different therapeutic modalities and aligned with 
the recommendations of this publication. It is particularly 
urgent to implement such recommendations for vaccines, 
due to the CMC and regulatory challenges for fast and global 
(equitable) supply: multiple manufacturing sites/ technol-
ogy transfers are needed, with evolving analytical, product, 
and process knowledge; and there are different risks asso-
ciated to acceleration options, depending on the vaccine 
platforms. Virus variants make such challenges even more 
severe, requiring fast and extensive vaccination with existing 
vaccines, to minimize virus spread, and, at the same time, 
accelerated development of new or modified vaccines and 
therapeutics against variants. Successful implementation of 
CMC strategies would be supported by harmonization of 
regulatory frameworks for accelerated approvals and reli-
ance on Stringent Regulatory Agencies (SRA) or WHO Pre-
qualification; alignment on data requirements and timings 
for Post-Approval Changes (PACs); and a global mecha-
nism for recognition of other National Control Laborato-
ries (NCLs) testing. WHO is currently providing valuable 
recommendations to address the above points, prompting 
further dialogue among regulators (16, 23).

What Is the Role of Emergency Use/Conditional 
Marketing Authorizations?

Pandemic situations may require that non-critical (low risk 
to patient safety or efficacy) data normally provided at the 
initial submission stage, are provided (or have to be avail-
able) after the authorization of new medicines. Although this 
can be enabled by using regulatory tools such as protocols 
that commit to obtaining defined data and standards and 
may be provided in an initial submission, such an approach 

might not be the most efficient and rapid approach to the 
provision of information for accelerated medicines. Funda-
mentally information supporting the quality of vaccines or 
therapies used in clinical studies (i.e., ‘Investigational New 
Drug (IND)-like’ information) should form the basis for 
authorization for emergency use, and this authorization is 
updated as more comprehensive information becomes avail-
able. Provision of such information will often be a condition 
of the authorization for emergency use and this informa-
tion will be consolidated into a full dossier submitted as a 
marketing authorization application. This concept is aligned 
with the principles of emergency use or conditional market-
ing authorizations (CMAs). Emergency use authorizations 
(EUAs) have been an essential regulatory tool for the rapid 
development and approval of the first generation of COVID-
19 vaccines and the approval of the first new therapeutic 
treatments in the US (9). Under an EUA, unapproved medi-
cal products can be used in an emergency to treat or prevent 
serious or life-threatening diseases. Of note is that the EUA-
like procedure in the European Union (EU) is not managed 
centrally by the EMA but is issued by each Member State’s 
competent authority. There is no specific guidance on the 
CMC requirements for emergency use, and, since the review 
and approval/authorization are on a national basis, the CMC 
requirements could potentially differ between member state 
authorities. In a pandemic, any differences in expectations 
for quality information between the Member States could 
adversely affect access to such medicines.

Manufacturing supply chains designed to supply materi-
als for clinical studies will need to evolve and expand to 
meet the increasing requirements during emergency use and 
thereafter for full marketing authorization. This will likely 
require multiple technology transfers and the specifications 
and control strategy may be refined accordingly during these 
phases of the early product lifecycle. This is likely to neces-
sitate ongoing dialogue between the manufacturer and regu-
latory agencies during this evolutionary development.

Recommendations: Implementation 
of General Strategies for CMC/GMDP 
Acceleration to Enable the Development 
and Supply of Pandemic Therapies 
and Vaccines

The key publications (2, 3, 6), workshop reports (4, 5), 
and draft guidance (7–12) describe several best practice 
approaches for CMC for early patient access and pandemic 
supply. Furthermore, the development of these materials 
has documented and highlighted several examples highly 
relevant to the rapid development and supply of pandemic 
medicines: including the learnings from the development 
of pandemic vaccines for Ebola and COVID-19, and many 
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biological and chemical oncology therapies. Whilst excel-
lent progress has been made in developing core principles, 
challenges to practical implementation are still encountered 
despite the agreement between regulators and the industry. 
There are also additional topics (highlighted in the publica-
tions and reports) that need further advancement to enable 
accelerated CMC development and supply of new medicines 
for pandemic scenarios.

Reflecting on what has been learned and agreed to-date, 
the authors note the following:

1. The substantial need to advance reliance/collaborative 
assessment

Work-sharing and reliance between regulatory agencies is 
a well-established principle in the area of GMP, for exam-
ple where Mutual Recognition Agreements establish a legal 
basis for recognizing inspectional activities by one regulatory 
authority to rely on the expertise of another authority (24). 
This helps optimization of resources in regulatory agencies 
and companies, providing a considerable benefit to patients 
by enabling medicine availability via global supply chains. 
In pandemics, it would be highly beneficial to extend the 
concept of collaborative use of available quality expertise to 
address CMC regulatory aspects of submissions (including 
EUA/CMA) and variations and thereby facilitate the optimal 
use of regulator and industry human expert resources glob-
ally. The use of Reliance/collaborative assessment processes 
could also be extended to other supply-related aspects, such as 
importation testing for vaccines and medicines, and to facili-
tate (virtual) GMP and pre-approval inspections.

The authors acknowledge that some progress has been 
made through schemes such as FDA Project Orbis (25) for 
oncology treatments and the recent EU OPEN program (26) 
and recommend that further collaboration by stakeholders 
should be fostered to tackle the significant legislative, pro-
cedural, and cultural barriers to global collaboration.

2. The need for defining early key decision points and 
streamlined engagement between industry and regula-
tory authorities on CMC matters

It is essential for the development and commercial supply 
of pandemic medicines that the strategy for CMC devel-
opment and supply (in the pre-and post-approval phases) 
is agreed upon with regulators globally and early during 
development. Consistent expectations for the content of 
CMC development across regulatory authorities are neces-
sary because key CMC decisions are highly inter-related 
and, combined with compressed timelines, may require 
careful consideration of trade-offs in areas of development. 
These trade-offs may include aspects such as optimization 
of the pharmaceutical dosage form, formulation, supply 

chain (including manufacturing, testing, batch release sites), 
manufacturing process, scale of manufacture, control strat-
egy, process validation, and stability strategy. Many of these 
decisions need to be made early to fully exploit the oppor-
tunities to realize early patient access and facilitate supply. 
In addition, the industry cannot customize manufacturing 
and controls to satisfy individual regulatory expectations 
for each market whilst also meeting global demand with 
the required urgency. Furthermore, for complex products 
such as vaccines, release to the market involves the review 
of a manufacturer's production data and quality control test 
results by the relevant national regulatory authorities (NRA) 
and national control laboratories (NCL). This may be sup-
plemented by confirmatory laboratory testing by the NCL, 
all of which add additional requirements to the timeline of 
CMC development and supply.

For these reasons, a fundamental principle of acceler-
ated CMC development is that early and frequent dialogue 
between industry and regulators is essential to agree on the 
Applicant’s planned, product-specific approaches to CMC 
development. But parallel dialogues—between a company 
and multiple regulatory agencies, and an agency and multi-
ple companies—where regulatory expectations are not clear 
or aligned strains expert resources in both companies and 
agencies. There are currently approximately 600 therapies 
and vaccines approved or under development for the treat-
ment or prevention of COVID-19 (27). As such, companies 
and regulators cannot allocate the resource or time required 
to discuss every critical decision on CMC development and 
supply individually. Hence, it is vital that CMC approaches, 
which may differ from those in ICH and regional guidelines 
but which have been discussed and agreed (based on science 
and risk) as broadly applicable to CMC development and 
supply for unmet medical needs, can be implemented as effi-
ciently as possible. Globally harmonized agreement on the 
general principles of CMC acceleration for pandemic situa-
tions should streamline product development by reducing the 
number of interactions and prior agreements needed between 
industry and regulatory agencies. This would facilitate an 
efficient and collaborative response to pandemics.

3. The need to further facilitate ‘post-approval’ changes

Accelerated CMC development for early patient access 
means that work is continued into the post-approval/authori-
sation phase generally leading to more frequent and more 
significant post-approval activities. During the period of 
emergency use, the process for providing updates, confirma-
tory data, and optimizations/changes may not use conven-
tional administrative approaches designed for making vari-
ations to Marketing Authorisations. In the context of this 
publication, the term ‘post-approval’ is used to encompass 
changes reported to regulatory authorities after authorization 
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for emergency use (by whatever mechanism is defined in 
the regulatory framework) and approval of a full marketing 
authorization.

In a global pandemic situation, this ongoing work is 
amplified by the need to rapidly expand supply to billions of 
patients, leading to increased challenges for lifecycle man-
agement and PACs. Examples of these post-approval CMC 
challenges include the following:

• Scaling-up of manufacturing, including expanding sup-
plies of raw materials and manufacturing capacity of raw 
materials and components, to meet patient demand.

• Evolving and aligning the control strategy across markets 
to incorporate increasing knowledge and experience of 
the product and process.

• Demonstrating comparability pre- and post-changes 
when there is limited batch history.

• The ongoing acceptability (e.g., in the context of PACs 
and inspections) of approaches accepted in the original 
application (e.g., use of extensive modelling in establish-
ing a shelf-life/retest period).

• Modifying or implementing approved Post-Approval 
Change Management Protocols (PACMPs).

• In the future, defining and revising the established condi-
tions for a product, due to evolving process knowledge.

It is important to recognize that for many accelerated 
pandemic medicines, the generation of confirmatory data, 
and data to fulfil regulatory commitments associated with 
approval for emergency use, will be a continuous activity 
during assessment and into the initial phase of commercial 
product supply. It is acknowledged that recommendations 
already made for COVID-19 by regulators such as EMA (14) 
and FDA (9, 11), (including rapid scientific advice, rolling 
review, and proposals for compassionate use) are positive 
steps forward. The authors believe there are also opportuni-
ties to consider adapting such regulatory tools for review 
and approval of CMC PACs, including for products for 
unmet medical need. Although ICH Q12 Product Lifecycle 
Management reached step 4 consensus in November 2019, 
implementation of Q12 by ICH members had just started 
with the transition of the Expert Working Group to an Imple-
mentation Working Group when the COVID-19 pandemic 
emerged. Consequently, full understanding and experience 
of the regulatory tools described in the Q12 guideline that 
are intended to facilitate PACs and product lifecycle man-
agement have not yet been achieved across industry and 
regulatory agencies globally.

Reflecting on the above, the authors recommend:

• Improved planning and alignment among regulatory 
authorities to establish a harmonized and consistent 
approach for regulatory applications and inspection cri-

teria for pandemic situations, as well as for acceleration 
of medicines for unmet medical needs.

• Continued efforts aimed at harmonization of require-
ments for post-approval changes (variations) globally, 
with a focus on science- and risk-based regulations and 
guidance.

• Optimization of the avenues for provision of data post-
authorization in addition to the established procedures 
(i.e., via implementation of commitments agreed in mar-
keting authorizations, use of PACMPs, and science- and 
risk-based variations regulations and guidance)

• Exploiting the full functionality of PACMPs (e.g., via 
greater flexibility in timelines, modifications and details, 
and broader scope), established conditions, and other 
tools described in ICH Q12 to facilitate product lifecycle 
management

• Ensuring that emergency use/conditional marketing 
authorizations allow specifications to evolve as product 
and process knowledge is developed. For example, allow-
ing initial, interim acceptance limits that are wider than 
the available batch data, which may then be tightened 
as justified by the development of additional data that 
consider clinical relevance (28). In certain cases, impuri-
ties may be included in the specification while data are 
accrued to demonstrate their clearance (7). As outlined in 
Table I, Topic 8 (Commercial Product Specification), it 
is not considered viable to implement tight specification 
ranges that would incur an elevated risk of batch failure 
and unnecessary discard of an otherwise good product. 
Continuation of close collaboration between regulators 
and industry into the post-authorisation phase, including 
consideration of innovative approaches to meet GMDP 
requirements.

• Agreement with regulatory agencies on CMC develop-
ment plans (or quality lifecycle plans’) specific to accel-
erated products as a tool to describe the quality develop-
ment and product lifecycle planning.

There will be many cases where the product and process 
understanding, control strategy and supply chain maturity at 
the time of filing for a pandemic medicine may be evolving 
rapidly, necessitating significant PAC to achieve a “business 
as usual” steady state. Transparent, ongoing communications 
for lifecycle management of accelerated development of pan-
demic products (note that plans may be revised frequently 
due to the dynamic situation during pandemics) could help 
to facilitate changes that are anticipated, such as those for 
scale-up and scale-out of production, as well as the delivery 
of commitments made as part of EUA or CMA approval.

Evolution of the tools to facilitate PACs will expedite 
upfront agreement to CMC requirements, rolling review 
of marketing authorisations, and the changes needed post 
approval to ensure ongoing supply. Addressing these needs 
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could help to ensure rapid patient access to pandemic medi-
cines and help mitigate any potential supply outages without 
increasing the risk to patients. Overall, further collaboration 
and dialogue between industry and regulators would be ben-
eficial to explore new tools and harmonised ways of working 
for product lifecycle management to facilitate the security of 
global supply of pandemic medicines.

4. Fully exploiting prior and platform knowledge

Prior knowledge is an indispensable tool for accelerated 
development of medicines because it provides extensive 
additional information and assurance beyond product-spe-
cific information.

It was explicitly recognized at the 2017 EMA Joint QWP/
BWP stakeholder workshop on prior knowledge (4) and at 
the 2018 EMA/FDA workshop on quality considerations 
related to PRIME/Breakthrough Therapy (5) that prior and 
platform knowledge is a vital and underused scientific tool 
available to accelerate many CMC deliverables for devel-
opment and supply, including informing risk assessments; 
identification of Critical Quality Attributes (CQAs); devel-
opment of control strategy elements such as identification 
of Critical Process Parameters (CPPs); informing specifica-
tion limits, informing comparability; selection of container-
closure and device; process validation; and shelf life. Table I 
also includes additional examples of the use of prior and 
platform knowledge.

In the context of pandemic-driven CMC development and 
supply and under extremely shortened timelines, these tools 
become even more relevant, often simply due to the lack of 
alternatives. Consequently, it is of crucial importance for 
regulatory decision-making in a pandemic setting to strike 
a balance between the need for product-specific data and the 
use of prior knowledge, wherever appropriate.

Regarding the efficient use of prior knowledge, the fol-
lowing are suggested:

• The relevance and application of prior knowledge should 
be confirmed as soon as possible (e.g., through agency 
kick-off meetings or scientific advice).

• It should be agreed which aspects of prior knowledge are 
used to complement, or substitute for, product-specific 
data. A risk assessment should discuss any remaining 
uncertainties arising from the use of prior knowledge that 
will be addressed post-approval. In this manner, transfer-
able prior and platform knowledge can significantly help 
to justify greater flexibility in the compilation of quality 
data, allowing certain quality data supported by prior 
knowledge, to be accepted or deferred into the post-initial 
authorization phase.

• An important regulatory question is how to enable the 
use of prior knowledge in an efficient way, avoiding the 

need for extensive ‘re-justification’ of the knowledge. 
Aspects for further discussion between regulators and 
industry could include cross-referencing the prior knowl-
edge data and/or re-using data from previous assessments 
to further facilitate development and specific regulatory 
processes such as platform technology master files.

  Overall, to maximally facilitate global development 
and supply of pandemic medicines, diligent implementa-
tion of prior and platform knowledge will be essential.

5. Review and potential revision of legal frameworks

Considerable progress has been made to date with inter-
national harmonization activities under the umbrella of 
ICH, WHO, or Pharmaceutical Inspection Co-operation 
Scheme (PIC/S). Equally, harmonization work arising from 
the COVID-19 pandemic (e.g., via ICMRA) will remain a 
priority in the industry recommendations. Optimal agency 
review, approval, and product launch require a common 
structure to the submitted documentation, alignment on 
the type of required information, and mutual acceptance of 
internationally recognized standards, including pharmaco-
poeias. The use of well-proven harmonization mechanisms 
such as ICH can address the technical aspects, but perhaps 
other mechanisms to enable regulatory agencies to rely on 
the scientific assessments of experts in other agencies could 
also be important (24). It is acknowledged that the CMC 
early access approaches that are proposed in this publica-
tion, including the use of reliance practices, could necessi-
tate some revision of the current legal frameworks of several 
agencies. It is therefore vital that any incompatibilities with 
the legal framework are identified, and the consequences 
for patients and pandemic preparedness can be discussed 
with legislators.

Conclusions and Next Steps

Has there been a greater need for accelerating CMC 
approaches than in bringing COVID-19 pandemic thera-
pies and vaccines to the waiting world population? The 
success achieved in the development and authorization of 
new vaccines and therapies for COVID-19 and the supply 
of billions of doses in very rapid timescales provides a 
rich set of experiences—positive and negative—on which 
to base future collaborative efforts by all stakeholders to 
introduce improvements facilitating accelerated CMC 
development and supply; ultimately enabling all stakehold-
ers to be better prepared for the next pandemic emergency.

Learnings from the current COVID-19 pandemic pro-
vide an opportunity to define those CMC approaches 
(which may differ from approaches outlined in ICH and 
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regional guidelines) that build on prior knowledge and 
science- and risk-based approaches already discussed and 
agreed as broadly applicable to accelerated CMC devel-
opment and supply. The authors have identified current 
approaches that could be adapted to support accelerated 
CMC development and supply for earlier patient access to 
pandemic medicines (Table I).

It is vitally important for industry and regulators to work 
together to explore how these approaches could be imple-
mented efficiently in future pandemics. This would facilitate 
the dialogue between companies and regulatory agencies on 
the acceptability of such approaches, and the associated data 
requirements for specific development projects.

The authors also believe that it is critical for regulatory 
authorities to establish principles for regulatory author-
ity collaboration and alignment prospectively, before the 
next pandemic. Companies found that having to engage 
with each regulatory authority and their respective govern-
mental distribution organizations to negotiate regulatory 
criteria for authorization and distribution of innovative 
pandemic medicines in each market was a significant chal-
lenge, and the ICMRA Workshop report concluded that 
there are opportunities for further collaboration, align-
ment, or harmonization to enable a more efficient and 
effective global regulatory approach.

Overall, the recommendations in this publication are 
intended to contribute to the discussion on approaches that 
can result in earlier and greater access to high-quality pan-
demic vaccines and therapies for patients worldwide and 
significantly reduce potential drug shortages. The opportu-
nity to further develop and agree on such approaches will 
be enormously beneficial to all those working to rapidly 
develop and deliver vital medicines as part of pandemic 
response, and such approaches could also be useful in a 
post-pandemic setting for innovative medicines addressing 
unmet medical needs.
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