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This article is Part 1 of a two-part series
exploring what we can learn from examples

of pharmaceutical products being approved
using accelerated programs. The series focuses
on challenges that chemistry, manufacturing,
and control (CMC) development teams may
encounter when a project is given accelerated
development status. Part 1 introduces key
considerations and themes in general terms and
highlights future opportunities in accelerated
pharmaceutical product development. In Part
2, which will be published in the next issue of
Pharmaceutical Engineering, we will provide
more detailed discussion of the considerations
and themes and present several case studies.

he series concentrates on lessons from small chemical
molecule (synthetic chemical) and biotechnological and bio-
logical molecule projects. However, many of the key consid-
erations and themes will be applicable to those involved in
development of newer, more advanced therapies. (Note: This arti-
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cle uses the terms “small molecule” and “large molecule” as short-
hand for small chemical molecule [synthetic chemical], and bio-
technological and biological molecule, respectively.)

During the past decade, there have been significant scientific
and clinical advances resulting in more drugs being developed to
treat patients’ unmet medical needs. These advances have led to
patient expectations that these new drugs will be quickly made
widely available. In response, regulators globally have developed
improved regulatory pathways and issued guidances. However, as
demonstrated in case studies, companies face significant chal-
lenges when managing postapproval changes globally. Such chal-
lenges can have a substantial impact on the supply chainand on a
company'’s pharmaceutical quality system (PQS).

REGULATORY TRENDS AND DEVELOPMENT IMPLICATIONS

New regulatory guidelines intended to expedite the treatment of

unmet medical needs through small molecule and large molecule

products tend to fit broadly into two categories:

* Improvements to regulatory pathways

» Technicalguidelinesfor newertypesof advanced therapy {e.g.,
gene therapy)

Significant changes in regulatory pathwaysbeganin 2012, when the
Breakthrough Therapy designation wasincludedin the USFoodand
Drug Administration (FDA) Safety and Innovation Act [1). This



development was followed by associated FDA guidance in 2014
{2}, and the PRIME scheme [3], which launched in the European
Union (EU) in 2016. These pathways and guidelines can stream-
line regulatory processas; however, there is potential for differ-
ences in interpretation of clinical entry requirements for the
pathways, which could lead to inconsistencies in criteria for
acceptance, and timing of acceptance, into the appropriate regu-
latory program,

Other countries and regions have also introduced expedited
registration pathways [4]. Examples of countries with accelerated
pathways are:
= Japan]s|
= Australia|6, 7]

e . Canada 8}
s China|g]

The World Health Organization (WHO) has issued a collaborative
procedure in the assessment and accelerated national registration
of pharmaceutical products and vaccines approved by stringent
regulatory authorities [10]. Publications from other regulatory
authorities {Brazil and Saudi Arabia) are listed in the references
{11, 12}, In addition to these options for aceelerating registration of
medicinal products, the FDA issued a final guidance in 2018 on its
Breakthrough Devices Program [13]. This final guidance outlines
program policies and features and describes the process for manu-
facturers pursuing the Breakthrough designation.

Regulators have been challenged to keep pace with the tre-
mendous advances in medicinein the last two decades, which have
resulted in ongoing development of novel modalities as clinical
therapeutics. Cell therapies include both autologous and alloge-
neic approaches based on T cells, lymphoceytes, antigen-presenting
cells, and dendritic cells. The diverse array of other modalities
includes oncolytic viruses, novel engineered antibodies,
antibody-drug conjugates, protein machinery for gene editing,
neoantigens, highly modified peptides, and nucleotide-based
therapies (including mRNAs, small interfering RNAs [siRNAs],
antisense oligonucleotides, and aptamers).

In 2017, the FDA introduced an additional expedited regulatory
pathway applicable to advanced therapies, the Regenerative Medi-
cine Advanced Therapy {RMAT) designation {14]. For sponsors of a
qualified regenerative medicinal preduct (i.e., cell therapy, thera-
peutic tissue engineering product, hurnan cell and tissue produet,
or any combination product using such therapies or products)
intended totreat sexious orlife-threatening conditions, RMAT can
provide advantages similar to those of the Breakthrough Therapy
designation, such as priority review and access to early and
frequent interactions with the FDA.

To provide more technical guidance, in 2018 the European
Medicines Agency {(EMA) issuted a revision of the Guideline on the
Quality, Preclinical, and Clinical Aspects of Gene Therapy Medicinal
Products [15]. The quality section addresses mainly the specific re-
quirements for the development and manufacture of a gene thera-
py medicinal product (STMP). In this revision, the guideline has

been completely reworked to give guidance on design, manufac-
tute, characterization, and testing of a wider spectrum of delivery
vectors (novel viral vectors, as well as nonviral and bacterial vec-
tors).

Cross-regulatory authority interaction is occurring, For exam-
ple, in November 2018, FDA representatives participated in a one-
dayworkshop hosted by EMA, atwhichindustry experts presented
case studies of CMC challenges and approaches to accelerated
development. A report of this workshop is anticipated later in
2019; slide presentations are currently available [16].

Recent efforts to streamline regulatory processes benefit spon-
soring organizations and patients by expediting the approval of
medically needed treatments {advancements). Case studies show
that, because of the fluidity and evolving nature of theregulations,
sponsors must negotiate with each regulatory authority separately
on a case-by-case basis. This has to be done quickly so that output
from the negotiations can be used as feedback to shape the evolving
CMC project development plan. Practitioners tend to determine the
latest requirements by directly contacting regulatory authorities.
The websites of ICH and/or a regulatory authority may be helpful
resources; however, these sites may not contain the latest informa-
tion relevant to a sponsor's project.

Case studies demonstrate that CMC/quality-related issues
are rate limiting for all modalities, and especially so for cell and
gene therapies. Aside from safety-related issues that occur in the
clinic, the greatest hurdle to approval for cell-based therapies is
often not clinical efficacy, but CMC and manufacturing due to the
nature of many of these therapies, their inherent high biological
variability, and the speed of the development program. It seems
that risk-based solutions for CMC issues for all modalities such as
identity, potency, specification testing, stability, and comparabil-
ity are being worked out one case at a timne.

However, the regulatory expectations and regulations asso-
ciated with the CMC portion of a submission for small chemical
molecules and biotechnological and biclogical molecules as defined
bythescope of ICH guidelinesQ6A and G6B 17, 18] have notchanged.

A 2015 article by Dye and colleagues [19] suggested thataregula-
tory filing for a drug in an expedited {accelerated) development
program could be 18 to 24 menths shorter than a conventional pro-
gram, which would pose significant challenges for those parties
responsible for delivering the normally expected CMC information.
Atthat time, there were few examples of regulatory agencies having
approved Breakthrough Therapy development programs at an early
stageindevelopment (i.e., afterreceipt of preclinical or early clinical
positive information). Therefore, the paper by Dye and coauthors
was based on examples—some real, some projected—ofaccelerated
development of both small and large molecules. In the intervening
period, companies and regulators have gained experience from
actual cases of making exciting new medicines available to patients
from accelerated development programs.

Regulators are taking a positive approach and supporting
accelerated development regulatory pathways. For example, the
FDA's Center for Drug Evaluation and Research {CDER] approved
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Figure 1: An example of comparative drug development timelines: Historical experience vs. accelerated development.
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71 Breakthrough Therapy designations as of 31 December 2018 for
original new drug applications (NDAs) and biologics license appli-
cations (BLAs) and the FDA's Center for Biologics Evaluation and
Research (CBER) approved 6 BLA Breakthrough Therapy designa-
tions through 30 September 2018 [20, 21]. EMA accepted 48 medi-
cines into the PRIME scheme as of 19 December 2018 [22].

Part 2 of this series will present an actual small molecule case
study that illustrates how an accelerated pharmaceutical (clinical)
program impacts the CMC program and its associated studies. In
this case, the time from first dose in humans to NDA submission was
about 4 years, whereas historical experience indicates that “typical”
development timelines can take up to 10 years (see Figure 1).

CMC CHALLENGES, KEY CONSIDERATIONS, AND THEMES

Like other stakeholders in the pharmaceuticals industry, ISPE
recognizes theimportance of accelerated development to patients,
regulators, and manufacturers. Notably, the success of accelerated
development programs has resulted in more instances where the
CMC program is on the critical path to approval and supply to
patients. Therefore, an ISPE team has been working for over a year
on collating and sharing experiences among companies relating
to the actual challenges faced by CMC development teams that are
working to obtain initial approval while, at the same time, supply-
ing products for ongoing and new clinical studies, and, most
importantly, supplying products to patients globally.

Although each accelerated development program is unique
and faces its own distinctive challenges, some CMC issues may be
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CLINICAL DEVELOPMENT

REGULATORY POSTAPPROVAL
REVIEW

Historical
Experience

Accelerated
Development

common to most or all programs. Review of the case studies on

which this series of articles is based indicates typical CMC stress

points are:

= The potential for suboptimal drug substance route/process
and drug product formulation.

= Sitereadiness for commercial supply forasuboptimal process—
for example, use ofaclinical process and site to supportinitial
submission, approval, and launch, followed by postapproval
changes using an improved process, which is potentially
developed in parallel with initial submission.

= The amount of stability data to support a practical shelflife at
the time of approval.

= Theprocessvalidationstrategy, particularly forlarge molecules,
where there may not be time to complete atleast three batches
manufactured at commercial scale with data submittedin the
BLA application. ‘

= Settingspecificationacceptance criteria, particularly foralarge
molecule, where there may have beenrelatively few batches of
product administered to patients.

= Studiesand/orplannedchangesproposedtobe conducted and
submitted postapproval. This approach leads to great supply
chain and regulatory complexity. For example, companies
may need to use the clinical process to produce supplies for
clinical studies, and potentially for the product launch, while
simultaneously introducing a more efficient manufacturing
process to supply patients more reliably. Supply chain issues,
regulatory submissions, and, most importantly, approvals
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all must be juggled, which creates a significant resource and
logistics burden, especially because the timing of approvals
varies by region or country.

»  The availability of resources, in terms of both quantities and
levels of expertise. Depending on the company situation,
resource issues may be partially mitigated by, for example,
moving people from lower-priority projects {for alarge com-
pany) or outsourcing. However, given the specific nature of
the technology, itis highly unlikely that resources to support
all desired studies can be accessed in the desired time frame.

Although there is no “one-size-fits-all” approach to accelerated
development programs, some key considerations and themes can
be highlighted from the case studies that inform this series of
articles. Table 1 summarizes considerations of accelerated devel-
opment programs, which include not only the expectations of reg-
ulatory authorities, but also the needs of the patient and company.

Underpinning many of these key considerations and themes
is use of prior knowledge (for example, from platform processes
ortechnology). There is also a need to accelerate the development
of new knowledge to support justifications in discussions with
regulatory authorities, regulatory applications, risk-management
processes, and project planning. The case studies in Part 2 of this
series will highlight where prior knowledge has been used, and

one case study will show how computational modeling, simula-
tion, and predictions can assist with decision-making and risk
mitigation.

FUTURE OPPORTUNITIES

Case studies point to many opportunities for both companies and
regulators to consider. ICH has started addressing some of these,
as evidenced by the technical and regulatory considerations for
the pharmaceutical product life cycle in ICH Q12 [23]. However, the
scope of this ICH topic does not address the major challenges asso-
ciated with postapproval changes, such as differences in the regu-
lations themselves, differences in content requirements, and,
most importantly, differences in time frames for approval to sup-
portcertainty of making such changes.

Nonetheless, some flexibilities and lessons are emerging from
accelerated product programs and approvals—which could be
considered for wider adoption. Future opportunities include:
= More cooperative engagement between a sponsor of an accel-

erated development CMC program and regulators globally to

agree on a harmonized CMC strategy.

s Useofalife-cycleapproachto processandanalytical validation
forboth small and large molecule programs.

= A global review of approvals granted via accelerated path-
ways, with the aim of expanding risk-based assessment and

Table 1: Key considerations and themes in accelerated development programs.*

Ensure support by all internal stakeholders.

Engage in continual and extensive scenario planning and close monitoring of clinical data expectations.

Teamuvork i pegject planning Evaluate risks and benefits.

Consider a life-cycle approach.

Plan for varying timelines in different countries.

Evaluate supply chain options and manufacturing site selection and scale-up options.

Estimate and agree with authorities about the level of process and product understanding possible within the timeline.
Leverage prior knowledge and platform technologies.

Consider analytical readiness.
Control strategy

Consider purity and continuity of supply of reference materials.

Project how specifications will be justified, especially with low amounts of batch data.
Estimate amounts of stability data that could be available at submission and during review.
Consider starting material options for small molecule drug synthesis.

Process validation Consider a life-cycle approach.

Use a science- and risk-based approach to justify strategy.

Pharmaceutical quality system readiness

Consider PQS readiness in line with site-selection strategy.
Consider how PQS can adapt to planned and unplanned postapproval changes.

Communicate with regulatory authorities as much as program requires and is possible.

Regulatory

Use as many postapproval regulatory processes as possible and desirable to support a life-cycle strategy.

Produce an easy-to-review dossier that contains scientific justifications and references and is in line with regulatory agreements.
Consider the global filing strategy as part of the project plan.

“In each category, many themes are common to large and small molecules; however, some are specific to a type of molecule. More detailed discussion and considerations for CMC

development teams will be given in Part 2 of this series
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Figure 2: Breakthrough Therapy designation based on Phase 1 data.
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flexibility into all pharmaceutical development submission
and approval processes. Risk-based regulatory decisions
(reviews and inspections) were proposed in ICH topics Q8,
Pharmaceutical Development and Q11, Development and
Manufacture of Drug Substances.

= Harmonized guidelines for some aspects of novel modalities
and advanced therapies.

Improving Cooperative Engagement Between
Sponsors and Regulators Globally
Currently, sponsors of products have multiple pathways for commu-
nication with the FDA; however, similar levels of interaction with
EMA regulators are not always easily achievable. Additionally,
sponsors lack assurance that different regulators share the same
expectations and requirements for a proposed CMC program.

For sponsors of accelerated development programs, establish-
ing a global CMC program is a key future step.

Process Validation

Regulatory authorities have sometimes granted, on a case-by-case
basis, flexibility in the timing of process validation studies for some
large molecule approvals from accelerated programs. Consideration
should be given to using risk-based criteria to extend flexibility in
the timing of process validation studies to all molecules.

¢

Commercial Supply 2

Commercial Supply 1

Currently, in the United States and EU, an absolute requirement
at the time of file for a biological/biotechnology molecule is that
process performance qualification (PPQ) (stage 2) must be includ-
edin the submission. An open question is whether some flexibility
could be employed.

For example, if pivotal supplies of drug substance and drug
product have been manufactured in the commercial supply chain
and the subsequent process characterization does not lead to sig-
nificant alterations of the process, the pivotal batches could per-
haps be considered adequate, repeated demonstration that the
process control strategy will reliably deliver a drug substance and
product that meet the predetermined acceptance criteria. Result-
ing satisfactory stability data supportive of the commercial shelf
life might provide further evidence to support the process control
strategy. PPQ data could then be provided during the review cycle
(as is common for new chemical entities) or within a BLA supple-
ment or marketing authorization application (MAA} variation.

Figure 2 highlights examples of potential CMC challenges by
comparing traditional and accelerated pathways for large mol-
ecule process development and validation. A traditional large
molecule development approach to process development and
validation is given in the top line of Figure 2. The bottom line
shows a generalized CMC program for an accelerated pathway,
such as one arising after Breakthrough designation is granted for
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alarge molecule after promising phase 1 clinical data demonstrat-
ing efficacy. In the accelerated case, stage 2, PPQ, is proposed in
parallel with BLA review and preapproval inspection (PAI).

While the specifics of process validation are critical to agree-
ments reached between sponsor and regulatory authority, a gener-
alized model can be used for illustrative purposes. Nomenclature
is based on US Process Validation Guidance [24].

Importantto the strategy is the degree of control strategy under-
standing that accumulates during process development and that
can be demonstrated adequately during pivotal manufacture, espe-
cially when the drug substance and product are manufactured in
the intended launch facilities and supported by validated methods.
In this scenario, it may be possible to propose filing the BLA and
support the PAl concurrent with stage 2 PPQ manufacture.

This type of scenario calls into question the rigidity of
modality-specific validation requirements. Traditionally, sponsors
preparing a BLA and/or MAA filing for biclogical/biotechnological
products have considered the completion of at least three PPQ,
batches to be a required component of process validation for
successful market authorization. In contrast, for small molecule
products, it has long been considered acceptable to develop PPQ,
data during review or as a postapproval commitment; although in
the EU, validation data for “nonstandard” products also must be
provided in the MAA. This difference in expectations is perhaps
owing to the difference in the risk-profiles between the two
modalities, and the fact that the small molecule products can often
be fully characterized using a relatively small set of validated
analytical techniques. In decades past, the inherent molecular
heterogeneity of biotechnological products led to the now-
outdated common wisdom that the "product is the process.” As
analytical techniques have significantly improved understanding
of the structure-function relationship of some biotechnological
products, understanding of the effect of product-related variants
on the mechanism of action of a proposed therapy has also
expanded. Because of thisin-depth characterization, coupled with
more extensive experimental design within a quality-by-design
(QbD) framework and expanding adoption of platform processes
(whichmayinclude processanalytical technology, where possible),
the robustness of well-defined end-to-end control strategies has
improved, and the predictive ability related to process variability
oncritical quality attributes has become more precise.

This is all part of the overall process validation strategy, and
the life-cycle approach itself refutes the idea that validation is
solely based on a small, discrete number of batches manufactured
under protocol; instead, validation relies on a continually expand-
ing body of process understanding. Industry case studies demon-
stratethatin certain circumstances, whichare partially determined
by the severity of a disease and the degree of unmet medical need,
regulators are willing to consider, and indeed approve, market au-
thorization withouta full complement of PPQ data or other compo-
nents previously considered requirements. Instead, sponsors and
authorities are jointly reviewing the body of evidence of process
controlunderstanding and product quality and making risk-based
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decisions to determine the point at which the sponsor has, or will
have, gathered adequate evidence to warrant market authoriza-
tion and meet the postapproval obligations necessary to demon-
strate that the product is in a continual state of validated control
and suitable for administration to patients.

Global Review of CMC Expectations

The database of approvals of accelerated programs in which spon-
sors and authorities have used science- and risk-based approaches
to submit and review drug product submissions is expanding.
From these data, we can identify lessons more broadly applicable
to a wider range of drug development programs. A starting point
could be the process validation topic, especially as applied to
well-characterized biotechnological molecules. Other opportuni-
ties could be stability requirements for small molecule drug sub-
stances and products, and acceptance criteria for impurities in
specifications for small molecule drug substances. These topics
could fall under the ICH umbrella, because all except process vali-
dation are current ICH topics.

Harmonized Guidelines for Advanced Therapies
The expanding number of approvals globally of advanced therapies
also may present opportunities, again potentially under the ICH
umbrella, to develop helpful guidelines for the CMC-equivalent
parts of development and submission. ICH topic M6, Guideline on
Virus and Gene Therapy Vector Shedding and Transmission, was
started in 2009; however, it ceased in 2011 because of issues related
to the state of science and resource allocation at that time.
Notably, the EMA Guideline on the Quality, Non-clinical and
Clinical Aspects of Gene Therapy Medicinal Products [15] contains
a section on quality aspects. This could be a starting point for a
global harmonization initiative. '

SUMMARY: EVOLVING FROM MODALITY-SPECIFIC TO
RISK-SPECIFIC REQUIREMENTS

The industry may be evolving toward a scenario in which the deci-
sions regarding the specific requirements to be included at the
time of file should be risk specific, not modality specific. Rather
than using a lexicon of categorically defined requirements for a
biological/biotechnological product or a small chemical molecule,
the discussions surrounding the development of a therapy for an
unmet medical need should progress quickly to the best strategy of
balancing patient needs with the process and product understand-
ing atthe time of file and a strategy of sequential discharge of both
clinical and CMC risk. This concept of jointly owned decision-making
responsibility between the sponsor and regulatory authority could
enable acceleration of process development and unique, collabora-
tive approaches to the validation and filing strategy.

CONCLUSION

Drawing from the lessons learned from case studies ofapprovals of
drug products developed and approved using accelerated path-
ways, the ISPE team has produced key considerations and themes
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regarding CMC challenges of accelerated development, which
should be of benefit to other practitioners and CMC teams. These
lessons and the key considerations apply to both small molecule
and biological/biotechnological developments and may be appli-
cable to advanced therapy programs.

Atahighlevel, current model drug development paradigms and
associated regulatory pathways may be inadequate to accommo-
date the rapid advances in personalized medicine and the ever-
expanding array of diverse modalities, which show great clinical
promise in addressing a variety of unmet medical needs. CMC regu-
latory flexibility in these types of submissions is therefore warranted
to expedite global availability of these medicines to patients.

From these lessons, future opportunities have been identified,
including some that could be applied specifically to accelerated
development programs and some that could be applied to all drug
development programs. Examples are:
= Reviewofcurrent CMCregulatory requirements for submission

(for example, process development requirements at time of

submission for well-characterized biotechnological molecules;

stability requirements for small molecules; and acceptance criteria,
particularly impurities, for small molecule in specifications).
= Moreuseofregulatory pathwaysbased onapprovalsin Stringent

Regulatory Authorities, as proposed by WHO, EFPIA, and others.
= Improved communication between regulatory autherities to

ensure that CMC development programs are applicable globally.
= Review of postapproval regulations to improve efficiency and

certainty relating to planned postapproval changes. &
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