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This article is Part 2 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. In Part 1, which was
published in the July—August 2019 issue of
Pharmaceutical Engineering, we introduced key
considerations and themes in general terms and
highlighted future opportunities in accelerated
pharmaceutical product development. In this
article, we provide more detailed discussion

of the considerations and themes and present
several case studies.

REVIEW OF KEY CONSIDERATIONS AND THEMES

As explained in Part 1, key considerations in accelerated pharma-

ceutical product development include:
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= Teamwork and project planning

= Control strategy

= Processvalidation

=  Pharmaceutical quality system (PQS) readiness
= Regulatory considerations

In the following sections, we expand on these key considerations

and themes.

TEAMWORK AND PROJECT PLANNING

Initial Planning of an Accelerated Development

Approach

When early clinical trial data indicate a potential accelerated

development designation and a decision is made to pursue an

accelerated development approach, itis critical for the CMC project

team working with the whole development project team to:

= Build out development scenarios necessary to accommodate
the accelerated timelines, dependencies, and interactions.

= Define options for the development strategy.

= Develop filing timelines for each proposed strategy.

During this phase, the development team should review options
derived from the clinical strategy (i.e., what clinical data the regu-
latory authority will accept, what pivotal studies and clinical data
are required, and the associated timelines). The CMC project team



should discuss development and supply chain options and analyze
those options in close collaboration with the impacted sites (e.g.,
launch and commercial sites), external partners, and, where
appropriate, regulatory authorities.

The development/validation data required to support each
potential filing submission should be identified. These data
include critical quality attributes (CQAs), critical process parame-
ters (CPPs), process characterization and verification studies,
cleaning studies, stability studies, and so on. It is important to
identify critical path activities, early regulatory engagement
opportunities, and resource requirements. For example:
= Evaluate the registration lot strategy, including site selection

(launch readiness planning), and supply chain considerations.
= Evaluate the control strategy, including in-process, release,

and stability testing.
= Assess CMC studies proposed for deferral during review and

postapproval.

All of the preceding project analysis should also include iterative
risk assessments to ensure that the strategy does not adversely
affect patient safety priorities (e.g., purity, immunogenicity, viral
clearance, and/or biological activity), product efficacy, or regula-
tory commitments. Application of risk management processes
should allow teams to prioritize studies necessary to ensure
patient safety and consider those related to process optimization
aslower priority.

A comprehensive pharmaceutical product life-cycle strategy
should be devised and agreed upon as early as possible in situa-
tions where the CMC timeline is potentially constrained by the
accelerating clinical program and patient needs. However, earlyin
the development life cycle, sponsors of accelerated programs can-
not be prospectively certain which matters can be successfully
negotiated with regulators. Therefore, decisions should be made
that allow for maximum flexibility to key components of an accel-
erating CMC program including:
= Remainingagileinthe face of clinical changesandregulatory

input.
= Planning the process development and supply chain for piv-

otal supply manufacture to support filing and launch activi-
ties, and to potentially supply additional clinical materials.

The outcome of the preceding analysis should be captured in a
project plan and approved by the appropriate CMC and quality
teams and communicated to all internal stakeholders.

Next Steps After Receiving the Accelerated
Development Designation

Uponreceiving the accelerated development designation from the
health authority, CMC development teams should further expand
the project plan and gap assessment in close collaboration with the
commercial site. The gap assessment focuses on supply chain,
CMC, testing, stability, validation, and cleaning, as well as overall
business risks. Multifunctional and multidisciplinary develop-

ment teams should lead efforts to accomplish the following:

= Perform holistic risk assessments to identify quality system/
compliance challenges and proposed deferred studies,
including supporting rationale, interim controls, and defini-
tion of interdependencies.

= Update the project plan to document all deferred activities,
associated rationale, and dependencies.

= Work with functional area leads to develop individual func-
tional strategies for deferred activities. Details of this work will
depend onthe complexity of the specificissuestobe addressed.

= Identify the need for bridging protocols. The content of such
protocols will depend on the level of product and process
knowledge, as well as the timing of the accelerated develop-
ment designation (e.g., when launching at a smaller scale or
using clinical material for commercial distribution).

= Connect with the clinical teams to identify opportunities to
leverage clinical bridging studies.

In parallel with the accelerated development activities, the regu-
latory team should develop a global filing strategy, identifying
expectations for comparability studies and supportive data
required to meet those filing requirements. For an accelerated
development designation, it should be anticipated that some
CMC and Good Manufacturing Practice (GMP) activities typically
completed prior to filing may be deferred and completed after
filing, either during the preapproval inspection (PAI) or postap-
proval, based on completed risk assessments and control strate-
gies, which, where possible, are developed in agreements with
regulatory authorities.

This overall quality system strategy and rationale, including
risk management planning, should be documented in a project
plan and in function-specific project plans as needed. The project
plan helps ensure transparency with regard to the various mile-
stones and gating requirements.

The deferral approach should also be discussed with each
health authority to reach a consensus during the accelerated
development. The results of these discussions may impact the fil-
ing strategy or development plan.

Additional bridging/comparability studies may be required to
address gapsidentified during the risk assessments (e.g., releasing
clinical material for launch, launching out of a clinical facility
with transfer to commercial scale). Such studies may also be
needed to update the control strategy as new knowledge is gained
later in the productlife cycle.

Resource planning is an important component of accelerated
development planning. For many projects, the same personnel
may be responsible for the following:
= Ongoing development activities
= Plant support
=  Postapproval change management
= Regulatory filing/submission activities, including negotia-

tion and responses to requests for information from various

health authorities
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If possible, separate teams should be designated for some of these
activities. In addition, development work may be needed at multi-
ple sites (i.e., clinical site vs. commercial site, drug substance site
vs. drug product site), which puts additional constraints on the
development team.

Accelerated development pathways are not well defined in
many global regions. However, once initial marketing applica-
tions have been submitted with an accelerated development path-
way inamajor market, markets in therest of the world may push to
accelerate their submissions. This puts additional pressure on
resources to manage the preparation and submission of global
dossiers.

Teams taking a full life-cycle approach may wish to consider
the advantagesand disadvantages of the following productlaunch
strategies:
= Using the fastest possible regulatory path and productlaunch

with a comprehensive life-cycle plan for subsequent postap-

proval introduction of an optimized process. This approach
could translate to launching with a “first-generation” process
or product that potentially involves a higher cost of goods,
more waste, inefficient processes, and decreased patient
acceptability (e.g., multiple dosage units rather than a single
unit, or a vial rather than a prefilled syringe). However, the
tradeoff for inefficiency is that this strategy may have less
impact on quality, safety, compliance, or the manufacturer’s
ability to consistently and reproducibly produce the commer-
cial product.

= Limiting the initial number of launch markets (e.g., launch
only in the United States and European Union). This approach
will facilitate introduction of the preferred product, pro-
cesses, controls, and so on, via postapproval changes, before
submission in the remaining markets. In this manner, the
approach should reduce the resource burden in CMC and reg-
ulatory affairsbylimiting the process version managementas
postapproval changes are implemented, and may provide
optimum value to the company.

Considerations when selecting the launch site include facility fit-

ness in terms of its technical capability, position in the supply

chain to supportlaunch markets, compliance and pharmaceutical

quality system status, and resource levels. Additionally, the

impact of the change from a clinical site to a commercial site must

be analyzed. Issues related to this transition include:

= Technical requirements such as comparability/bioequiva-
lence (BE) studies, stability studies, and process validation
approach

= Regulatory hurdles

® Change management

= Need for technical support

The team should also compare the options to scale-up a process by

building more capacity at the same scale and make the appropriate
decision.
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CONTROL STRATEGY

Control strategy is defined in ICH Q10 as follows [1]:

A planned set of controls, derived from current product
and process understanding, that assures process performance and
product quality. The controls can include parameters and
attributes related to drug substance and drug product materials
and components, facility and equipment operating conditions,
in-process controls, finished product specifications, and the
associated methods and frequency of monitoring and control.

For accelerated programs, the compressed timeline challenges the
sponsor to develop the appropriate degree of process and product
understanding, and to manufacture many batches of both clinical-
and production-representative lots commensurate with normal
expectations of regulatory authorities. Hence, itishighly desirable
to agree with regulatory authorities—based on risk assessment
and risk control—on what control strategy could be achievable to
meet patient-acceptable standards. These agreements between the
sponsor and authorities are highly individualized according to the
science of the specific program, as well as the sponsor’'s amount of
prior knowledge and understanding of the product and production
processes. Where possible, there is significant benefit in leverag-
ing prior knowledge.

Process Control Strategy and Associated
Specifications

When proposing or developing a process control strategy with
associated specifications, platform processes should be used as
much as possible. Their use should support process development,
product- and process-specific understanding, and the proposed
process validation strategy. ICH guidelines should be followed as
closely as possible because deviation leads to complexity, offset-
ting the benefit of using platform technology.

Sponsors need different approaches to set acceptance criteria
for large molecule vs. small molecule products. Small molecule
acceptance criteria are based on ICH Q6A [2] and ICH Q3 series [3]
guidelines for impurities, plus ICH M7 [4] for assessment and con-
trol of DNA-reactive (mutagenic) impurities and ICH Sg [s5] for
anticancer pharmaceuticals. Large molecules specifications are
set using ICH Q6B [6].

For accelerated programs, it is challenging to set the specifica-
tion because manufacturing and clinical experience are limited.
Bercu and colleagues have published useful considerations for
setting specifications for impurities [7]. They propose approaches
that may be used for specification setting based on clinical rele-
vance in the drug development, registration, and postapproval
phases of a product life cycle.

To focus the prioritization of process characterization/valida-
tion experiments, it is helpful to establish early a control strategy
summary linking the quality target product profile, CQAs, pre-
sumptive CPPs, and the raw material control strategy. Early identi-
fication of CQAs and development of suitable analytical methods



for process performance qualification (PPQ) and pivotal trials
could help mitigate the risk of relatively few lots and assist in dis-
cussions with regulators. The evolution of the control strategy—
justified by a combination of process development data, knowledge
of platform process performance, and incorporation of risk assess-
ment and proposed risk control output—will aid in the negotiation
of the “must have” components at the time of file vs. those that can
be completed in parallel to PPQ or even postapproval.

When a sponsor is relying on less-traditional validation
approaches for a biological/biotechnological product, early invest-
ment in an applicable cell-based potency assay alongside more
platform-based methods will bolster confidence in the process
robustness. In other words, having the right methods in place with
the justified acceptance criteria will help strengthen the rationale
that process monitoring will be sufficiently reliable to overcome
any perceived risks associated with less-traditional validation
approaches or a less-comprehensive validation data package filed
in the initial biologics license application (BLA) or marketing
authorization application (MAA).

For accelerated development programs, the process control
strategy will almost certainly be developed based on limited
product-specific manufacturing experience and may need to
include a postmarketing commitment to reevaluate and adjust
specifications after a specified number of commercial lots. For
example, the process control strategy could include:
=  Tentative specifications (i.e.,acceptance criteriaand, perhaps,

analytical methods) for release, stability, and in-process

controls at the time of MAA submission that could be opti-
mized postapproval.

= Filing of preliminary CQAs and/or CPPs that could be updated
postapproval, as per agreements with health authorities.

= Filing with monitoring tests or an increased sampling plan
and subsequently “sunsetting” some testing or reducing the

sampling when more data become available to support a

decrease in testing. For example, some attributes such as

residual host cellular DNA and host cell proteins (HCPs) may
be removed from the specification if sufficient data confirm
the process is effective in removing these impurities.

Analytical Method Readiness

Sponsors should take a risk-based approach to determine the extent
of method validation to be done prior to the initiation of the qualifi-
cation campaign. Depending on the intended use and risks associ-
ated with a method (e.g., compendial methods, general methods
such as pH or osmolality, or platform analytic methods where sig-
nificant knowledge and experience exists), complete validation may
not be necessary. Instead, it may be sufficient to demonstrate by
other means the suitability of a method to achieve the intended
purpose. However, suitability should be completed before qualifica-
tion campaign testing begins. Using platform analytical methods
and processes as much as possible should minimize risk and will
assist with validation approaches, such as phasing of analytical
validation, and justifications to regulatory authorities.

Sponsors should take a risk-
based approach to determine
the extent of method validation
to be done prior to the initiation
of the qualification campaign.

Methods associated with product CQAs or product safety (e.g.,
assay testing for contamination) should be validated, with issues
being resolved concurrent with the qualification campaign. The
risks associated with the level of method suitability assessment
and/or validation should be linked to an evaluation of process
understanding and the acceptability of the stability strategy and
stability data package. Risks associated with limited manufactur-
ing and method experience may require more frequent sampling
and enhanced assay system suitability criteria. In all instances,
method validation reports must be approved and appropriate
retesting or method bridging studies completed prior to PAl and
release of the product for commercial distribution.

During development for an accelerated program, sponsors
must pay attention to the strategy to bridge early assays to poten-
tially different commercial analytical methods; it is important to
retain enough samples from early batches. Sponsors should also
consider the potential impact of this strategy on specification,
total analytical control strategy, and testing laboratory opera-
tions. For biologics, the common assay changes are potency assay
and HCP assay. Although the platform assay (i.e., enzyme-linked
immunosorbent assay [ELISA]), may be sufficient as a potency
substitute for early-phase development, authorities require that a
potency assay reflecting the mechanism of action bein place at the
time of registration. Developing the appropriate potency assay
early to generate enough stability data is key for a successful filing
of accelerated programs.

For an expedited program for a biologic substance, the refer-
ence material strategy should be designed early and cover the life-
time of the product. The primary reference material is expected to
be representative of the pivotal clinical study material to ensure
that the commercial batches also represent pivotal clinical study
material. For an accelerated program, however, the pivotal batch
could be an early clinical batch, which may not have been made at
a scale sufficient to provide clinical process characterization or
enough reference material for long-term use.
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The reference material should be sufficiently stable, and a strat-
egy must be developed to monitor drift. The strategy to designate a
lot as primary reference material should have qualification/requal-
ification protocols in place, with criteria to evaluate the following:
= Storage and manufacturing requirements
= Stability to monitor the trend
= Maintenance of supply continuity in both quality and quantity
= Linkage oflots to maintain representation of reference mate-

rial used in pivotal clinical studies
= Any changes to the analytical methods (changes in methods,

especially for potency reference material, may require bridg-
ing studies)

Ideally, the primary reference material would be the same mate-
rial throughout the development and life cycle of a product.
Secondary reference material should preferably be prepared and
used for routine analytical testing soon after a primary reference
standard has been established.

Stability Data and Shelf Life
For some accelerated programs, the shortened development time
and limited availability of materials may make it impossible to
generate sufficient stability data to comply with ICH requirements
at the time of submission. A practical shelflife must be requested.
For accelerated development products, the long-term (real-time)
stability data available from an appropriate scale may be limited.
Therefore, it may be necessary to file with reduced long-term
stability data on the commercial process (launch material) and/or
clinical scale batches. Discussions with health authorities may be
required to reach a consensus on the amount of real-time stability
data from representative batches to be included in the filing
before the submission and the likely shelf life granted at time of
approval. The following stability approaches can be considered:
= Leverage use of stability data from representative pilot-scale lots.
= Add clinical batches to the stability program for supportive
shelf-life data.
= Use forced degradation and accelerated/stress stability stud-
ies to model the stability profile; enhance understanding;
support comparability studies of clinical, supportive, and
commercial material; and predict shelflife.
=  Provide periodic stability updates to the health authorities.

Experience indicates that the shelf life granted by regulatory
authorities varies depending on the amount of supporting data
from clinical batches, expectations of specific reviewers, types of
molecules, the medicine’s risks and benefits, and other factors.
This likely variation for a drug product only adds complexity to
management of the supply chain postapproval.

Raw Materials

For drug substance synthesis for small molecules, it is extremely
important that internal stakeholders, regulators, and, if neces-
sary, third-party suppliersagree onthe choice of starting materials
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(SMs) in a synthetic sequence as soon as possible. This agreement
clarifies the GMP requirements, including the validation strategy.
For guidance for SM selection, refer to ICH Q11, Development and
Manufacture of Drug Substances (Chemical Entities and
Biotechnological/Biological Entities) [8], as well as the ICH Q11
Q&A [9], which offers additional clarification. However, there may
be insufficient time to complete all desired studies identified in
that guidance.

Tighter timelines may lead to a more conservative approach to
identifying SMs, in which SMs are designated further upstream
than may be proposed using the ICH Q11 Q&A. This approach
could introduce additional costs and controls in the process that
may not be necessary. While mitigation strategies may be imple-
mented (e.g., manufacturing the final stepsinthe SM manufacture
under GMP conditions)in case health authorities do not agree with
the identified SMs, launch supplies may still be jeopardized.

Accelerated development may limit the time to evaluate and/
or qualify multiple suppliers of raw material or intermediates.
Being single-sourced for key intermediates may impact assurance
of supply.

PROCESS VALIDATION

For products with accelerated development timelines, time or mate-
rials may be insufficient to complete all traditional process valida-
tion studies (i.e., hold-time studies, mixing studies, process ranges,
worst-case linkages) and batch manufacture before submission. For
small molecules, it is not necessary in all cases to complete valida-
tion by the time of the new drug application (NDA) submission;
however, for large molecules (and “nonstandard” products in the
EU), satisfactory completion of at least three full-scale batchesat the
intended site of manufacture of both drug substance and drug
product is currently required. Because accelerated development
programs may not allow completion of these large-scale studies
before submission, alternate phasing strategies have been
employed. Given that process validation itself should take a life-cy-
cle approach as discussed, for example, in FDA Process Validation
guidance [10], a holistic life-cycle approach could be proposed. In
this approach, data from stage 1 (process design) and similar pro-
cesses could be leveraged to reduce initial stage 2 (process qualifica-
tion) requirements. This is further supported by a robust stage 3
(continued process verification) monitoring plan, which provides
added assurance of the quality of each batch.

A risk-based approach should be taken to determine the process
validation strategy to be used before the qualification campaign
begins (i.e., the extent of process design/development datato collect
from stage 1). Process validation associated with patient safety must
be complete (e.g., sterility, viral clearance, microbial control) at the
time of launch to patients. Potential justifications to support a flexi-
ble process validation strategy include the following:
= Acceptance of a smaller scale of production
= Concurrent release of product
= Modeling and “scale-down” process design to study factors

that impact CQAs and CPPs
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If process validation is on the critical path to launch, some experi-
ments canbe viewed as more critical than others to process control
strategy understanding. For example, for a given product’s proven
acceptable range series of experiments (and, therefore, reliance on
appropriate small-scale models where applicable), it may be more
critical to demonstrate that the process will reliably deliver a drug
substance or drug product meeting the predetermined acceptance
criteria and less critical to conduct column lifetime studies, which
could be proposed as part of concurrent process validation or as
part of the continued process verification protocol.

PHARMACEUTICAL QUALITY SYSTEM READINESS

An update and/or amendment to the PQS may be necessary
because accelerated programs may not have historically expected
data to readily support transfer of a process into a mature manu-
facturing PQS at a facility. Challenges are often experienced by
development teams while navigating numerous development PQS
requirements in a shorter than customary time frame. Challenges
may also arise in the form of differing expectations between
development and operations quality organizations. Such chal-
lenges are not unique to accelerated programs, but they do pose
significant risk to the project’s success given the aggressive time-
lines. For example, the use of a clinical manufacturing site for
launch (which is unusual in a “conventional” development) may
require a PQS upgrade to meet the standards of quality (i.e., docu-
mentation practices, deviation/change management) expected of
atraditional commercial launch facility. In such cases, depending
on the prior history of the facility, early engagement between the
launch site and relevant operations’ compliance teams may be
necessary to ensure that the facility is positioned for successful
execution of validation batches and prepared for inspection by
health authorities.

There may also be differing interpretations of PQS require-
mentsbetweenlocaland global functions or between the company
and contract manufacturing organizations. If such differences are
not identified early in the process, they can result in rework or
other project delays. It is important for the transfer team, launch
site, and downstream parts of the supply chain (e.g., commercial
filling) to communicate early and achieve alignment on standards
for quality and compliance.

Forward planning of activities to manage PQS readiness is
extremely helpful because the chosen launch site may not be famil-
iar with the compromise between agility and formality required to
support the early phases oflaunch from an accelerated development
program. An operations site may be accustomed to more robust
processes and having more data to support changes or deviations.
Alternatively, a clinical site may not be familiar with the formality
of PQS requirements for procedures in normal operations.
Whichever siteis chosen, considerable amounts of technical change
management postlaunch are likely. Some factors to evaluate the
level of agility and formality of the PQS are as follows:
= The PQS’s ability to handle change management with agility.

Careful planning and design of a proactive change management
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plan is a requirement for many accelerated development pro-
grams to address, for example, prospectively designed process
changes. These proposed changes require a mature and poten-
tially flexible change management system as a key element of
the PQS.

= Theappropriateness of standard operating procedures.

= Theappropriateness of the levels and types of documentation.

= Staffing levels; for example, staff could be needed to handle
the increased volume of investigations, which may be more
intensive than usual. Additionally, in-process sampling/pro-
cess monitoring activities will likely require more resources
than a standard process would.

Quality risk management should be applied to identify and docu-
ment risks to the accelerated program as they relate to PQS stand-
ards and to ensure appropriate control measures are in place to
mitigate any accepted risks. Such assessments can then be used to
prioritize activities and resources.

REGULATORY CONSIDERATIONS

Early, effective, and detailed communication between sponsors
and regulatory authorities throughout development facilitates
better and more informed CMC development decisions, which
could lead to greater regulatory flexibility built upon a shared
understanding of the risk-to-benefit profile. These discussions are
particularly important when considering and developing a life-
cycle approach.

When a life-cycle approach for a large molecule program is
developed, it is most likely that use of comparability protocols and
postapproval change management protocols (PACMPs) will be
considered and proposed. Similar approaches should be consid-
ered for small molecule programs.

Some sponsors may find it useful to have discussions with
authorities to reach consensus about the use of a productlife-cycle
management (PLCM) document as proposed in ICH Q12, Technical
and Regulatory Considerations for Pharmaceutical Product
Lifecycle Management, Step 2 [11]. The PLCM document outlines
the specific plan for PLCM that is proposed by the sponsor.

Considerations for submission include dossier content and
global filing strategies.

Dossier Content

Dossiers should be written concisely and clearly to facilitate review,
and they should include well-structured and well-presented justifi-
cations to support the proposed positions and rationales. For exam-
ple, the dossier should have justifications for the use of supporting
data and platform technology, as well as brief explanations of the
rationale for referring to prior knowledge. The CMC story, which
may not be complete, should be logically organized and well writ-
ten. Proposed future studies, the rationale for prioritization, and
how results would be communicated to reviewers should also be
clearly presented. For example, the use of regulatory processes such
as comparability protocols and PACMPs should be clearly explained



andincludereferencestoanyregulatory agreements. Ifatraditional
approach toacontrol strategy has been taken, it may be beneficial to
explain why this approach has been chosen.

Global Filing Strategies

Global regulatory filing strategies are complex and often not
driven by CMC considerations. Issues such as the amounts and
types of clinical data, as well as the enthusiasm of a regulatory
authority for the drug product and its impact on disease inaregu-
lator’s country/region, will have an impact. Given that an acceler-
ated development program will be targeted to at least one of the
ICH regions, the sponsor is likely to focus, at least initially, on
meeting the requirements of that region.

Furthermore, given the strong possibility that the CMC pro-
gram will be phased with a life-cycle strategy, filings in regions
beyond those proposed initially will depend on many factors. For
example, the timing of applications could be affected by supple-
ments and variations filed in the initial regions as well as by the
amount of CMC data and information available from the
still-evolving CMC program.

CASE STUDIES

The following case studies illustrate approaches that teams have
taken to overcome their particular challenges related to the key
considerations and themes noted in this series of articles. Notably,
in every case study, teams observed that accelerated development
programs run more smoothly when they have processesin place to
ensure supportbyinternal stakeholders. Furthermore, most, if not
all, programs reported that they encountered significant regula-
tory challenges due to thelack of global regulatory harmonization
particularly with (but not limited to) postapproval submissions.
This issue is extremely important for accelerated development
programs because, in almost all cases, a life-cycle approach is
employed in such programs.

Case Study 1—Large Molecule

In case study 1, the sponsor had many postapproval commitments

from various markets. Challenges included:

= Qualification of tests for certain in-process sample types

= Completion of drug substance and drug product container-
closure leachable studies

= In-process hold-time revalidation

= Reevaluation of acceptance criteria after a certain number of
lots (lot release, stability)

=  Low endotoxin recovery remediation

=  More detailed risk assessments

= Stability data

To resolve these issues, the sponsor had to conduct the necessary

work and carefully coordinate postapproval supplements for:

= Change to an improved method: Supplements were needed for
approximately nine markets; in the other markets, the original
MAA was filed together with the supplements.

= Addition of a new site: Supplements were filed for around 20
markets.

= Method transfersand optimized testing strategy: Supplements
were filed for most markets.

= Shelf-life updates.

The team used the life-cycle approach, deferring some CMC stud-
ies as postapproval commitments, with the regulatory authority
agreeingto this strategyinadvance, and articulating the risks and
benefits of a selected approach. The sponsor also needed to con-
sider supply chain options to add a new site of manufacture
postapproval to maintain supplies to patients. Inevitably, shelf-life
updates were required. Additionally, technical challenges were
associated with the setting of acceptance criteria and the need to
remediate low endotoxin recovery. In this case, a strategy to mini-
mize process changes was employed to facilitate initial submis-
sion, approval, and supply to patients.

Case Study 2—Large Molecule

In case study 2, the sponsor pursued an accelerated submission
process for a BLA for a new drug product with Breakthrough
Therapy Designation (BTD). Key issues included the low commer-
cial volume anticipated and the challenge of having different drug
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product clinical and commercial manufacturing sitesin the scope.

Issuesrelated to the latter challenge included:

= All clinical/stability experience to date would be from the
clinical site.

= Shelf-life claims would depend on the bridge from clinical to
commercial manufacturing (ensuring process comparability).

= Sufficient shelflife would be needed to effectively commer-
cialize/distribute product.

Key facets of the life-cycle strategy used to address these chal-
lenges were to:
= Submit the BLA without a drug product PPQ at the commer-
cial site and with limited or no commercial site experience
(i.e., clinical or stability batches).
= Leverage a validation life-cycle strategy that relied heavily on
prior knowledge from similar products manufacturedin the same
facility on the same manufacturingline. This strategy involved:
= One PPQ batch to be provided at initial submission or
during the review cycle
=  Two more PPQ batches to be performed/provided postap-
proval as clinical/commercial demand dictated the need
for supply
= Regulatoryalignment pending

This team proposed to use a life-cycle approach to submit a BLA
without a drug product PPQ from the commercial site and with
limited experience of commercial site manufacture. The process
validation and site selection strategies are heavily reliant on lever-
aging prior knowledge and platform processes. In both cases, risks
and benefits were identified. In this case, a minimizing process
changes strategy was also employed to facilitate initial submis-
sion, approval, and supply to patients.

Case Study 3—Large Molecule
Inthis case study, the sponsoralso pursued an accelerated submis-
sion process for a BLA for a new drug product with BTD. Notable
challenges included nontraditional comparability, the supply
strategy, stability data, assay validation and utilization, and the
reference standard.
To meet these challenges, the sponsor met with the FDA every
2 to 3 months to ensure alignment between the submission and
regulatory expectations. Preapproval within a span of 1 year and
the following interactions and content occurred:
= Type B: The sponsor sought FDA concurrence with the sponsor’s
proposed CMC strategy and proposed package for comparability.
= Type B: The sponsor provided an overview of its supply strategy.
= Type A: The sponsor and the FDA discussed the comparability
strategy and data for Material B and Material B’; the use of B' in
confirmatory trials; and the filing of B’ as commercial material.
= Type C: The sponsor shared challenges in development, such
asthe potency assay, PPQ, HCP assay, and reference standards
strategy, and gained the FDA's concurrence on strategy prior
to finalizing the BLA.
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= Pre-BLA meeting: The sponsor and the FDA discussed the
CMC-specific content and format of the planned BLA submis-
sion, including the retrospective review of PPQ data, the
updating of stability data, and the data’s ability to support
extension of shelflife.

Furthermore, at the postapproval (Type C) meeting, the sponsor
sought the FDA's feedback on the control strategy and the agency’s
concurrence on the filing strategy for the proposed analytical
method and specification changes.

This case study highlights the importance of communication
between sponsors and authorities for many CMC issues, such as:
= Supply chain options
= PPQstrategy
= Provision of stability data and agreement about shelflife

All of the sponsor’s justifications leveraged prior knowledge, and
platform processes, identified risks and benefits, and the strategy
obviously used a life-cycle approach. In this case, a strategy to
minimize process changes was also employed to facilitate the ini-
tial submission, approval, and supply to patients.

Case Study 4—Small Molecule

Case study 4 involved a small molecule NDA submission after

phase 2 clinical data. Submission after phase 2 clinical data was

potentially 6 years shorter than a “typical” program based on his-

torical experience.
Major challenges were:

= The solid-state drug substance form needed to be changed after
phase 1 dose-finding studies so it would have a form that was
compatible with proposed clinical and commercial tablet manu-
facturing processes and to ensure suitable long-term stability in
global markets.

= Theearlydrugsubstance synthetic route was not amenable to
the scale of manufacture necessary to support rapidly enroll-
ing clinical studies.

= Phase 2 tablet clinical formulation was an enabled tablet
suitable for rapid entry to clinic, but it was not considered the
image or strength necessary for commercial markets.

To address these challenges, the sponsor used the following

strategy:

= Abroad screen of solid-state forms was performed, supported
by predictive tools and tabletability studies. Once narrowed
to two options, a relative bioavailability study was conducted
between the original phase 1 form and the proposed commer-
cial form. Once relative bioavailabiity was shown, phase 2
pivotal clinical studies were started using the phase 2 clinical
formulation and this selected commercial form.

= Synthetic route and manufacture, from 10 kg to 300 kg scale,
were optimized to support commercial tablet development,
drug substance ICH stability studies, and manufacture of
commercial drug product stability and BE study materials.
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= Commercial tablet formulation was developed in parallel
with phase 2 clinical studies, evaluating formulation variants
using predictive biopharmaceutical computational tools. A
BE study was conducted to confirm the proposed commercial
formulation is bioequivalent to the pivotal clinical study
clinical formulation. This study was reported immediately
before NDA submission. The commercial formulation was
used in phase 3 confirmatory studies.

This case study had substantial risks beyond those expected in a

conventional development:

= If another, more suitable (e.g., more stable), form were to be
foundlaterin development, the sponsor would have needed to
redo the ICH stability studies and conduct another BE study.
These additional studies would have involved significant
delay and increased costs. Switching quickly and early from
the phase 1 early drug substance form to the intended com-
mercial form allowed for early commitment of the preferred
drug substance form to clinical supplies for pivotal studies
and to inclusion in the commercial tablet/ICH stability
program.

= The impurity profile of the new drug substance synthetic
route could not be qualified in time for NDA submission. If
any new impurities were found in the optimized drug sub-
stance route, and the route were not qualified by virtue of
their presence at some level in previous batches, the sponsor
would have needed a toxicological qualification study (or
studies) to qualify that impurity.

= The proposed commercial tablet formulation was not bio-
equivalent to the phase 2 clinical formulation. This could lead
to a delay in launch supply and the need for an additional BE
study of an alternate commercial formulation. Additional
stability studies and process validation would be required for
the alternate commercial formulation, resulting in a signifi-
cant delay, added costs, and a risk to launch. Validation of
clinical manufacturing facilities and process may have to be
considered as a further mitigation step.

In this case, the company was able to deploy a skilled and knowl-
edgeable workforce to understand the level of potential risk. With
substantial resource commitment in terms of people and compu-
tational support, the sponsor managed to mitigate the highest
risks successfully. This strategy was fully supported by internal
stakeholders.

Interestingly, the total resources used for this 4-year (from first
time in patients to filing) development program were comparable
to the resources used for a typical 7-year program. In other words,
the area under the curve is the same, but the peak of the acceler-
ated program is higher over a shorter period of time.

Computational modeling, simulation, and predictions were
used in all aspects of this program to minimize the risk associated
with key decisions (form selection, drug substance synthesis
scale-up, commercial tablet design, and prediction of BE
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performance). The program had no development “white space”
(the time typically used to await a clinical decision point), which is
used to to perform drug substance and/or drug product develop-
ment activities and minimize risk. As a result, key development
investments were made in parallel and at much greaterriskthana
“typical” program. These investments included the purchase of
raw materials for the commercial drug substance route with com-
mitment to a clinical supply with the selected commercial sol-
id-state form of the drug substance for the pivotal study, the
investment in ICH stability of the selected drug substance route
before phase 1 ended, and the use of accelerated stability to predict
long-term outcomes.

Case Study 5—Small Molecule

In this case study of drug substance synthesis, key challenges

included:

= Supplier selection with respect to SM justification

= Purification strategy with respect to timing of route design
and manufacturing route identification

= GMP strategy with respect to which steps to conduct or not
conduct under GMP

The sponsor’s strategy focused on the following:

= A commitmentto purchase the SM before the control strategy
was finalized and before data were generated (as recom-
mended in ICH Q11 to select and justify a SM).

= The fairly aggressive choice for SM, which was considered
risky for certain regional health authorities. SM selection
should be determined by the technology required to manu-
facture intermediates.

= Use of an additional purification step (included in the com-
mon technical document) due to the conservative approach
based on the tight timeline.

= The final few steps of SM being manufactured under GMP at
vendors to mitigate risk.

= Inclusion of extra steps in the validation strategy (leveraging
ICHQ7 Q&A for validation).

This case study exemplifies a strategy for selecting SM. In this case,
an appropriate degree of process and product understanding was
used to assess the risks and benefits of various approaches, and the
sponsor took extra risk mitigation steps to minimize the harm to
the project ifaregulatory authority did not agree with the choice of
SM. This approach, which required additional work compared to
other strategies, had to be supported by internal stakeholders.

Case Study 6—Small Molecule
Case study 6 also involved drug substance synthesis. Three nota-
ble challenges were the development timeline (the sponsor sought
to reduce it by 30% to 50%), the purification strategy, and
optimization.

To address the acceleration of the development timeline, the
sponsor used the following strategies:
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= Choosing the commercial route with limited demonstration
of processes at scale and limited time to investigate all multi-
variable effects, which is higher risk.

= Delaying process improvements during commercial route
development.

= Compressing DOE studies, forcing a segmented study of
process.

= Executing pivotal clinical studies before full analytical devel-
opment was completed.

The purification strategy involved:

= Usingaless-robust, higher-risk process due to time constraints.

= Manually stopping (cooling) the reaction when complete. This
was necessary because overreaction leads to difficult-to-
remove impurities.

=  Submitting a comparability protocol for the development of
control strategy for the catalyst.

Finally, the optimization strategies included:

= Delaying the pursuit of robust catalyst for reaction. The cur-
rent catalyst ligand is very water sensitive.

= Placing multiple materials, representative API for drug prod-
uct manufacturing, on stability due to a solvent switch in the
middle of the API campaign.

= Choosingtonotreduce the stoichiometry of reaction material
to nearly 1 equivalents.

= Utilizing extra resources to develop the commercial route
while managing clinical supplies (the route to be abandoned),
and to challenge the impurity qualification utilizing dual
campaigns.

In this case, the risks and benefits for the choice of the drug
substance synthetic route were used to select what studies to
perform to develop an appropriate degree of process under-
standing and to defer some obvious potential process improve-
ments (e.g., choice of catalyst). Risks and benefits were evalu-
ated by building redundancy into the program (e.g., multiple
drug substance stability programs), with the approaches (e.g.,
investment of additional resources) supported by the internal
stakeholders. A life-cycle approach was used to develop a con-
trol strategy for the catalyst through communication between
sponsors and authorities.

Case Study 7—Small Molecule

In this case study of a drug substance solid-state form, the notable

challenge involved selecting the ideal solid-state form for commer-

cial manufacturing of the drug product. The sponsor’s strategy was:

= Choosing the solid-state form while knowledge of the poly-
morph landscape waslimited.

= Performing additional work to ensure that the chosen form
would be obtained after alower-energy form was discovered.

= Accepting that scale-up of API crystallization would be a
high-risk endeavor due to incomplete process knowledge.
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In this case, analysis of risks and benefits led to the conclusion
that sufficient process understanding had been developed to
support the scale of the chosen, higher-energy polymorph
solid-state form and that the lower-energy polymorph would not
be encountered on scale-up. This strategy required support from
internal stakeholders.

Case Study 8—Small Molecule

In this case study, a notable challenge involved the drug product

development timeline. Strategies to support the accelerated time-

line included the following:

= Using the same clinical formulation and dosage form for the
initial commercial launch of the drug product.

=  Condensing brainstorming regarding the commercial route
to submission.

= Focusing efforts on process reliability over yield and cost of goods.

= Deferring process optimization to postapproval.

=  Submitting limited stability data.

= Utilizing single-source vendors.

In this case study, the sponsor evaluated the risks and benefits
of usingaless-efficient drug product formulation with single-sourced
vendors for initial submission, approval, and supply to patients.
An appropriate degree of process and product understanding
was developed to support submission and launch, with a life-
cycle approach used to advance process optimization postap-
proval. Communication between the sponsor and authorities
was essential to ensure they were in agreement regarding the
supply of limited stability data.

Case Study 9—Small Molecule

This case study highlights process validation challenges related to

analytical development and the use of few full-scale validation

lots. The sponsor’s strategy was to:

= Focuson high-priority test methods.

= Use partially validated methods for qualification lots.

= Complete validation before commercial release.

= Negotiate acceptance to use clinical API for drug product
validation.

= Build upon process and product platform knowledge and
justification.

= Leverage continued process verification principles.

= Utilize clinical batch process data to enable the concurrent
validation approach.

The sponsor evaluated the risks and benefits on the analytical val-
idation approach to allow focus on the high-priority methods.
Communication between the sponsor and authorities, the leverag-
ing of prior knowledge and platform processes, and a life-cycle
approach were used to develop the process validation strategy,
which used data from clinical drug substance lots supported by
data supplied during the continued process verification phase and
submitted postapproval. @



References

1.

International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use. “ICH Q10, Pharmaceutical Quality System.” Published June 2008. https:/fwww.
ich.org/products/guidelines/quality/article/quality-guidelines.html

. International Council for Harmonisation of Technical Requirements for Pharmaceuticals for

Human Use. “Specifications: Test Procedures and Acceptance Criteria for New Drug Substances
and New Drug Products: Chemical Substances, Q6A.” Published October 1999. https:/iwww.
ich.org/products/quidelines/quality/article/quality-guidelines.html

. International Council for Harmonisation of Technical Requirements for Pharmaceuticals for

Human Use. “ICH Q3 Series: Impurities.” Published October 2006. https://www.ich.org/
products/quidelines/quality/article/quality-guidelines.html

. International Council for Harmonisation of Technical Requirements for Pharmaceuticals for

Human Use. “ICH M7(R1): Assessment and Control of DNA Reactive (Mutagenic) Impurities
in Pharmaceuticals to Limit Potential Carcinogenic Risk.” Published March 2017. https://
www.ich.org/products/guidelines/multidisciplinary/article/multidisciplinary-quidelines.html

. International Council for Harmonisation of Technical Requirements for Pharmaceuticals for

Human Use. “S9: Nonclinical Evaluation for Anticancer Pharmaceuticals.” Published October
2009. https:/flwww.ich.org/products/quidelines/safety/article/safety-guidelines.html

. International Council for Harmonisation of Technical Requirements for Pharmaceuticals for

Human Use. “Specifications: Test Procedures and Acceptance Criteria for Biotechnological/
Biological Products, Q6B.” Published 1999. https://www.ich.org/products/guidelines/quality/
article/quality-guidelines.html

. Bercu, J. C., S. Berlam, J. Berridge, B. Cherney, D. W. Cowley, H. Laughton, D. McLoughlin,

et al. “Establishing Patient Centric Specifications for Drug Substance and Drug Product
Impurities.” Journal of Pharmaceutical Innovation 14, no. 1 (March 2019): 76-89. doi:
10.1007/512247-018-9366-5

The right
people

make all the
difference.

Your project is complicated, but it doesn’t have to be difficult. Not with Hargrove on the job. Our
Teammates, like Project Director Nigam Patel, have plenty of plant experience. We understand
the pressures you face and work tirelessly to meet every deadline and every benchmark on every
design-build project we manage. hargrove-epc.com / 877.123.4567 /¥ f @

8. International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use. “ICH Q11: Development and Manufacture of Drug Substances (Chemical Entities
and Biotechnological/Biological Entities).” Published 2012. https://www.ich.org/products/
quidelines/quality/article/quality-guidelines.html

9. International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use. “ICH Q11 Q&A: Development and Manufacture of Drug Substances (Chemical
Entities and Biotechnological/Biological Entities), Questions and Answers.” Published 2017.
https:/iwww.ich.org/products/guidelines/quality/article/quality-guidelines.html

10. US Food and Drug Administration. “Guidance for Industry: Process Validation: General Principles
and Practices.” Published January 2011. https://www.fda.gov/requlatory-information/search-
fda-guidance-documents/process-validation-general-principles-and-practices

11. International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use. “ICH @12, Technical and Regulatory Considerations For Pharmaceutical Product
Lifecycle Management, Step 2.” Published November 2017. https://www.ich.org/products/
guidelines/quality/article/quality-guidelines.html

About the Authors

The Accelerated Medicinal Product Working Group includes Christopher J. Potter, PhD, ISPE
Advisor and CMC, Pharmaceutical Consultant; Huimin Yuan, PhD, Janssen Pharmaceuticals; Nina
S. Cauchon, PhD, RAC, Amgen; Liuguan Lucy Chang, Merck & Co., Inc.; Derek Blaettler, Genentech;
DanielW. Kim, Abbvie; Peter G. Millili, PhD, Bristol-Myers, Squibb; Gregory Mazzola, GlaxoSmithKline;
Terrance Ocheltree, PhD, RPh, PharmTree Consultants, LLC; Stephen M. Tyler, Abbvie; Geraldine
Taber, PhD, Pfizer; and Timothy J. Watson, Pfizer.

hargrove?



