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Abstract
Purpose Lean stability is a science- and risk-based initiative which utilizes the enhanced understanding of drug substance and
drug product physical and chemical characteristics to (1) reduce and optimize the design of standard stability protocols; (2)
expedite the generation of stability data without impact to safety, efficacy, or quality of the product; and (3) decrease time to
market for innovative drugs. Lean stability was introduced in the early 2000s [ICH: Guideline Q1A(R2) (2003), ICH: Guideline
Q1D (2002)] followed by reduced stability protocols, focusing on the critical quality attributes and critical time points, being
reported in the literature [Skrdla et al. (J Pharm Biomed Anal 50: 794–796, 2009)]. While the concept of lean testing is not
entirely new, and it is currently a part of several regulatory guidances, it continues to evolve and gain acceptance of the industry
and regulators.
Methods In this review, twelve case studies are presented where stability data was collected during clinical, registration, and
post-approval phases of the product development.
Results Case studies summarize the lean stability testing design, the strategies applied during the regulatory filing and the
outcomes of the regulatory filings.
Conclusion The authors expect that the case studies presented in this review will increase the visibility of lean stability, facilitate
overcoming of the existing challenges, and accelerate the global regulatory acceptance of lean stability practices in the industry.
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Introduction

This manuscript is intended to encourage risk-based decision
making in stability testing and to further drive for implemen-
tation of lean stability strategies through delineation of case
studies from recently accepted practices. Lean stability is a
science- and risk-based approach that leverages enhanced
knowledge about the stability behavior of a product to focus
stability programs on the highest risk attributes and time
points. Application of lean stability concepts enables more
efficient, product-specific stability studies and is fully aligned
with modern approaches toward product and process devel-
opment [1], leading to a reduced protocol compared to a stan-
dard, ICH Q1A-type program. The concept of lean stability
has been applied for over two decades, beginning with the
ICH (Q1A(R2), Q1D) guidance allowing for bracketing and
matrixing during stability testing [2], and continuing into later
ICH (Q8–12) and WHO guidances stipulating the acceptabil-
ity of scientifically driven approaches towards meeting stabil-
ity requirements [1, 3–7]. The concept of reducing the testing
plan to include only critical attributes that define the product’s
stability and performance over time have been previously
published [8–10]. While these approaches have primarily
had positive regulatory responses [11], they have not been
included in regulations to date.

In 2016, the International Consortium for Innovation and
Quality in Pharmaceutical Development (IQ) launched the
lean stability working group focused on increasing the under-
standing and acceptance of science- and risk-based protocol
strategies. The working group has approximately 20 members
from 14 companies across the pharmaceutical industry who
have contributed the case studies contained in this paper. The
companies represent development and manufacture of multi-
ple dosage forms (e.g., solid oral, parenteral, combination
products) and support stability strategies throughout the prod-
uct life cycle (i.e. drug substances, drug products) across phar-
maceutical product modalities (e.g., small molecules, bio-
logics, etc.). These case studies demonstrate how industry
has successfully expanded beyond the strategies initially de-
fined in the ICH Q1 guidance as well as provide insight to-
wards how to continually improve efficiency within stability
studies and product understanding throughout the product de-
velopment life cycle: clinical development, registration phase,
and post-approval. The lean stability strategy is dependent
upon a robust understanding of the product design and/or
profile, and considers existing data from development or ac-
celerated studies, risk-based predictive stability, and literature.

Industry spends unnecessary resources initiating and main-
taining long-term stability protocols that include non-stability
indicating tests and non-value-added time points throughout
the product’s life cycle. Implementing lean stability strategies
requires the adjustment of stability protocols to improve effi-
ciency and expedite results without impacting safety, efficacy,

or quality of the product. Lean strategies are applicable at all
stages of the product life cycle from development to marketed
phase and to all pharmaceutical product types and are allow-
able by ICH Q1A (R2) [12] as “Alternative approaches can be
used when there are scientifically justifiable reasons.” In ad-
dition, these strategies do not reduce product stability risk
knowledge but rather could benefit the patient through de-
creasing the time to market for new medicines.

An example of a lean stability approach used in the post
approval phase is shown below. A lean stability approach
focuses on using stability indicating attributes and existing
stability knowledge of a drug substance or drug product to
focus on the right tests, time points, and conditions throughout
the study. Where the overall stability is well-understood and
the drug substance or drug product stability attributes are pre-
dictable, a lean approach is warranted. Table 1 provides an
example of a standard full stability protocol and outlines typ-
ical testing attributes for a drug product. While there are many
situations where lean stability may be applied, Table 2 shows
an example lean stability protocol approach for a stable room
temperature drug product where conditions, time points, and
testing attributes have been reduced yet still provides adequate
stability information. This approach would result in cost and
time savings without impacting quality and safety of the prod-
uct. This is just one of many examples; conditions and time
points may be selected based on specific product attributes
and intended region of market. For example, testing at the
30 °C/75% RH condition, as opposed to 30 °C/65% RH, to
allow for global product development may not be standard
practice at all companies.

This example could also apply to setting a shelf-life for a
stable product in the clinical phase of development. With suf-
ficient prior knowledge, this lean approach example, and the
addition of an accelerated condition (40 °C/75% RH), the
proposed shelf life dating could be supported based upon re-
sults for the stability—indicating test attributes and any

Table 1 Standard (full) stability protocol

Storage condition Interval (months)

Initial 3 6 9 12 18 24 36 48 60

Initial/release A

40 °C/75% RH B B

30 °C/75% RH B B B A B A A A A

25 °C/60% RH B B B A B A A A A

5 °C C C C C C C C C C

Tests to be applied in accordance with the above protocol include the
following: (A) appearance, assay, degradation products, dissolution, wa-
ter content and microbiological quality; (B) appearance, assay, degrada-
tion products, dissolution and water content; (C) control sample for ap-
pearance testing
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supporting data that may be available. Supporting data could
consist of existing standard stability data and/or information
from accelerated stability approaches (risk-based predictive
stability) [13–15] where the accelerated data can be statistical-
ly analyzed (e.g., ASM, ASAP, etc.)1 [15] to model shelf-life
limiting attributes (SLLAs). It is important to note that the lean
stability approach may differ from that in Table 2, customized
based on product-specific understanding obtained from prior
stability studies of critical quality attribute(s) and/or shelf-life
limiting attribute(s).

The risks to implementing such an approach include the
potential non-acceptance or queries from health authorities
related to less data being collected than a standard stability
protocol. In order to remediate these risks, thorough risk as-
sessments should be completed for each product to understand
the reliability of methods and uncertainty of design by
leveraging previously gained knowledge.

Barriers to implementing lean strategies have been experi-
enced both internally and externally to companies within the
pharmaceutical industry. The most significant hurdle col-
leagues have faced when proposing lean stability strategies
is internal company conservatism within several departments
and management levels. External uncertainties such as a lack
of alignment regarding regulatory positions have been report-
ed, both between agencies and within a single agency. Efforts
to influence and better understand concerns of regulatory
agencies should be made. By presenting case studies collected
from multiple companies, the authors hope to provide an im-
proved understanding of lean stability approaches and the
benefit they can provide to product development.

Case Studies

A lean stability strategy can take many forms. It should be
product specific, dependent on the stage of development and
reflect the product knowledge available at the time. In the

clinical development phase, while development is under way
and changes and improvements are constant, this may take the
form of utilizing predictive tools and/or confirmatory studies to
demonstrate a change does not impact stability rather than re-
initiating a long-term stability protocol, to justify re-test period
or shelf-life, or to identify which tests are stability indicating. In
the registration phase, a lean strategy may leverage the cumu-
lative clinical and registration stability data to justify reducing
the tests, time points and/or storage conditions that are neces-
sary to monitor stability on an annual basis. In the post-
approval phase, product knowledge and stability understanding
are highest and there are many opportunities to leverage lean
strategies to support a change. Following are examples of case
studies collected during each phase of development: clinical
development, registration, and post-approval. Table 3 provides
an overview of the presented case studies.

Clinical Development

Case Study 1

In this case study, the drug substance stability data were used to
support drug in capsule (DiC) product. The scope of the project
spanned across 5 small molecules with drug in capsule formu-
lations. The FDA Guidance for Industry, cGMP for Phase 1
Investigational Drugs (U.S. Food and Drug Administration,
2008) allows representative samples of phase 1 investigational
drugs to be used to monitor stability and quality. In the case of
DiC formulations it was determined that the drug substance
stability data was representative of the DiC stability. The justi-
fication in the Clinical Trial Application (CTA) included
referencing the Common Technical Document (CTD)
Section S.7 in Section P.8. The CTA also included reference
to accelerated stability data on the drug substance as part of the
justification. Regulatory submissions were performed in the
US, France and Spain. Challenges were received in two cases
(US and Spain) and the agencies requested that the DiC be
placed on long-term stability concurrent with the clinical study.
Due to timing considerations, further technical discussion was
not pursued, and the DiCwas placed on long-term stability. The
primary benefit was still realized by this approach; time savings
in not waiting for the one-month drug product stability data
prior to IND or CTA filing.

The followingwordingwas included in Section P.8 of a CTA
as justification for not placing aDiC on stability, following a risk
assessment to ensure the drug substance is not susceptible to
increasedmoisture uptake by the hydroxypropylmethylcellulose
(HPMC) capsule shells.

Summary of Stability Studies

Representative batches of drug product will not be for-
mally evaluated for stability. The drug substance

1 Accelerated stability modeling (ASM) and accelerated stability assessment
program (ASAP) are specific approaches for performing science- and risk-
based predictive stability assessments. Science- and risk-based predictive sta-
bility is defined as short-term stability studies using high temperatures (and
varying humidities) and modeling to predict stability at temperatures (and
defined humidities) intended for long-term storage conditions.

Table 2 Lean stability protocol

Storage condition Interval (months)

Initial 12 24 36 48 60

Initial A

30 °C/75% RH A A A A A

Shelf-life limiting tests to be applied in accordance with the above proto-
col include the following: (A) appearance, assay, degradation products,
and dissolution
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stability (Section S.7) will be monitored to assure phar-
maceutical performance and strength for the duration
of clinical trials.
The drug product is a simple drug in capsule using
hydroxypropylmethylcellulose (HPMC) capsule shells
(see Section P.3.3) and contains no additional excipients.
In addition to the ongoing stability study (Section S.7),
the general stability of the drug substance is supported
by solid state degradation studies. After exposure to high
temperatures/high humidity (70 °C/75% RH), and light
conditions, the purity of the material was unchanged.
Since the drug substance does not exhibit any physical
or chemical characteristics that could impact drug in
capsule stability (e.g., hydrolytic instability), stability
studies of drug in capsule product are not necessary to
ensure safety and quality of the clinical trial materials.
The stability of the drug substance is representative of
the stability of the drug in capsule formulation.

Case Study 2

In this case study, accelerated short-term stability comparison
studies were leveraged for subsequent drug substance campaigns
with minimal synthetic route changes. An internal risk assess-
ment was performed to determine the potential impact of the
synthetic route changes. This assessment was then used to in-
form the comparative stability study. The study design consisted
of a short term, typically 2 weeks to 1 month, accelerated stabil-
ity study to establish comparability of a new batch of drug sub-
stance back to the original drug substance batch. Accelerated
stability conditions should be based on prior degradation chem-
istry knowledge, but typical conditions range from 40 °C/
75%RH to 70 °C/75%RH for stable drug substance batches.

The comparability between batches was used as justifica-
tion in Section S.7 of the CTA for not placing subsequent drug
substance batches on long term stability. The approach has
been used to support regulatory filings in the US and EU
countries, with no questions received during the approval
process.

The following wording was included in the CTA to justify
the accelerated comparison study.

Batches Drug substance-1 and Drug substance-2 were
subjected to accelerated stability conditions (70 °C/75%
RH both open dish and closed) through four weeks. The
results of this study support the comparability of these
lots with respect to stability. Based on the similarity of
the synthetic routes and the comparable stability pro-
files under accelerated conditions, the stability of Batch
Drug substance-2 is considered representative of Batch
Drug substance-1. No long-term formal stability studies
of Batch Drug substance-2 are planned.

Case Study 3

An approach used to support many drug substance in bottle
regulatory filings is provision of 3 weeks of drug substance
stability data at 70 °C/75%RH in the initial clinical submis-
sion to justify a 15-month drug substance retest period [16].
This data may also support a 12-month Powder for Oral
Solution (PfOS) clinical shelf life (PfOS consists of drug sub-
stance in a bottle with no additional excipients). This lean
stability strategy includes a commitment to complete long-
term drug substance stability studies for the duration of the
clinical study. The approach has been successfully approved
by both the US and Germany.

Case Study 4

Exclusion of assay testing has been routinely proposed in
CTAs in situations where the drug substance stability batch
is the same as the reference standard batch [17]. Justification
for this approach argues that since the stability batch and ref-
erence standard are stored under the same conditions, assay
results would only reflect method accuracy rather than degra-
dation. Although not all countries required stability sections in
the CTA, the approach was leveraged to support submissions
in the following countries: US, Canada, Hungary, Slovakia,
Romania, Bulgaria, India, Philippines, Taiwan, and Turkey.
This approach resulted in regulatory queries but was ultimate-
ly accepted in all countries except for Canada. For two sepa-
rate submissions, Belgium asked to include this test in future
submissions for a specific product. Czech Republic also
responded with a query, which was successfully addressed
by providing assay using mass balance approach with the
commitment to set up a future lot on stability and monitor
assay. Canada, however, has not accepted this approach.

Registration Phase

Case Study 5

A registration strategy for drug product primary stability was
developed to support seven different dosage strengths (com-
positionally proportional) where each dosage had two pack-
aging configurations. An ICH Q1D bracketing design was
proposed to support the NDA submission and was agreed to
during a pre-NDA type Cmeeting with US FDA. The primary
stability strategy included testing on three batches
representing the lowest and the highest strengths in both pack-
aging configurations (total of 12 batches). Supportive stability
testing was performed on one batch for each of the five inter-
mediate dosage strengths for each packaging configuration.
The post-approval stability protocol to confirm expiry includ-
ed in the NDA submission indicated that formal stability stud-
ies (e.g., the ICHQ1A stability commitment batches) could be
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performed on three batches of the lowest and 3 batches of the
highest strength in each packaging configuration.

Case Study 6

A proposal to use a bracketing design according to ICH Q1D
for an NDA submission was agreed to by US FDA at an End
of Phase 2 type B meeting. This program had five different
dosage strengths with the same (compositionally proportional)
formulation and packaging configuration. The primary stabil-
ity to support registration was performed on more than three
batches of each of the lowest and the highest dosage strengths.
Supportive stability testing was performed on two batches of
one intermediate dosage strength. The post approval stability
protocol included in the NDA submission showed a
bracketing design and the stability commitment included 3
batches of the lowest and highest dosage strengths. This ap-
proach resulted in a significant amount of resource savings
while providing a sufficient stability data package to evaluate
the quality and safety of the product.

Case Study 7

An NDAwas submitted for a complex modified release (MR)
product with multiple strengths in capsules manufactured
from common pellets. The primary stability data supported
an initial shelf life of 36 months. The NDA did not include a
protocol commitment to confirm expiry, since the primary
stability batches were manufactured at the commercial site
and commercial scale.

For the annual batch commitment, a reduced protocol was
proposed relative to the primary stability protocol. The proto-
col proposed to test one batch of any strength per year. This
was considered justified since stability data demonstrated that
the formulation provided equivalent performance with com-
parative dissolution profiles for all strengths. Further, release
and stability data were comparable across all strengths. Assay
was monitored across all strengths with no strength related
trends observed for any quality attribute. The annual batch
commitment also proposed removal of assay testing and water
content testing since these tests were demonstrated to not be
stability indicating. The annual protocol also proposed long-
term conditions (25 °C/60% RH) only and a reduction of time
points to annual testing. The reductions to storage conditions
(long-term only) and time points were accepted, but the other
reduction proposals listed above were not accepted.
Regarding the proposal to only test one batch of any strength
per year, the FDA indicated that additional strengths should be
tested when manufactured from different intermediate pellet
batches. Assay and water were also added as tests in response
to FDA queries. For assay, the FDA indicated that after suffi-
cient product history is established, a prior approval supple-
ment could be submitted to request the removal of the assay

requirement from stability testing. For water testing, the spon-
sor had proposed that neither release nor stability criteria were
required to ensure product quality. The FDA indicated that
water content of the drug product should be monitored as part
of release and stability testing. The sponsor agreed that after
additional data were accrued, either an acceptance criterion for
water content would be proposed in a post-approval CBE-30
supplement or justification of non-inclusion for the water test
would be provided via a general correspondence.

Case Study 8

A stable, well-understood drug product (IR (Immediate
Release) capsule) was filed with a standard primary stability
protocol and data to support the initial shelf-life claim. An
alternate proposal was made for the post-approval stability
protocol. To limit wasted supplies for a low-volume commer-
cial program, the applicant proposed to utilize non-printed
capsules for 2 of the 3 lots for 2 of the 3 strengths. This
approach enabled the capsules that were not used for stability
studies to be used for blinded clinical studies. This strategy
was filed and accepted globally.

The commitment to conduct annual batch stability pro-
posed significant reductions relative to the primary stability
protocol. The approved protocol included only annual time
points at the long-term condition (30 °C/75%RH, used to ful-
fill global requirements) and reduced the quality attribute test-
ing to appearance, assay, dissolution, and degradation
products.

Post-approval

Case Study 9

In this case study, a lean stability strategy was applied for post
approval/annual stability batches of a small molecule oral
drug substance and drug product. Only the long-term storage
condition was required, and no data was proposed to be col-
lected for the accelerated storage condition. Description, as-
say, impurities/degradation products, dissolution (for drug
product only), and LOD (for DS only) were the required tests.
A strategy to reduce time points relative to the standard ICH
registration phase was also applied; the 3 M and 9 M
timepoints were removed resulting in a stability schedule
consisting only of initial, 6 M, 12 M, 18 M, 24 M, and annu-
ally thereafter if longer dating would be pursued. Recent sub-
missions occurred in the following countries: EU, Japan, US,
Canada, Switzerland, Australia, Taiwan, South Korea, Hong
Kong, Brazil, India, Turkey, Russia, Mexico, UAE,
Argentina, and Kuwait. No regulatory questions have been
received to date. The submissions required no added justifica-
tion in CTD section 3.2.P.8.2.
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Case Study 10

This case study relates to a large product family in semi-
permeable containers, spanning multiple US regulatory fil-
ings, separated into multiple categories based on formulation,
container type and filling volume. The historical requirement
related to the annual commitment batch testing was to perform
stability testing on one (1) formulation/container combination
per category. As there were multiple categories in the family,
this approach resulted in multiple batches of product being
placed on stability annually.

A lean stability strategy was proposed which included the
following elements:

& Proposal 1: Revision to product categorization based on
review of historical data supporting: robust stability pro-
files, stability trends consistent across products, demon-
strated understanding of the SLLA. The revised categori-
zation ensured testing was performed for each regulatory
filing annually, while significantly reducing the number of
batches required.

& Proposal 2: Reduction in number of time points tested—
less than ICH recommended [12].

& Proposal 3: Reduction in testing within a time point—
some quality attributes have been demonstrated to not
trend/change over time or are stable solutes. Testing at
multiple time points did not add valuable information to
the stability dataset.

The regulatory strategy consisted of providing a summary
of the proposal, with technical rationale for each element of
the change. Additionally, it was noted in the regulatory sup-
plement that this product family had significant history
supporting robustness of the product performance. The lean
stability proposal was approved successfully with no ques-
tions. The overall benefit of the initiative was a reduction of
approximately 18 batches placed into the stability program
annually.

Case Study 11

This case study covers the submission of a registration stabil-
ity package for a biologic in accordance with the recommend-
ed batch enrollment and timepoint frequency prescribed by
ICH Q5C [18] and ICH Q1D [2]. The stability data provided
the foundation for approvals of reduced testing in post approv-
al stability monitoring commitments from several agencies.

The marketing authorization applications contained one
drug substance presentation (long-term storage of less than
or equal to − 60 °C) stored in rigid polymeric bottles and three
strengths of a refrigerated liquid drug product presentation
filled into the same prefilled syringe container closure system.
The registration package stability data set included five drug

substance batches representative of the commercial
manufacturing process, with 60 months of long-term storage
data submitted for one batch and 36 months of long-term
storage data submitted for the other batches. Six months of
stability data was submitted for four drug substance batches
representative of the commercial process at the following ac-
celerated and stressed storage conditions of 5 °C and 25 °C/
60%RH, respectively. For drug product, a bracketing ap-
proach was used in accordance with ICH Q1D [2]: at least
three representative lots at both the minimum and maximum
strengths intended for marketing were enrolled in the stability
program, together with one representative lot at the interme-
diate strength. Six months of data at the accelerated storage
condition of 25 °C/60%RHwere obtained for all enrolled lots.
Long-term stability monitoring for all the registration stability
drug substance and drug product batches was conducted at the
intervals prescribed by ICH Q5C [18]. The 25 °C/60%RH
storage condition demonstrated that three of the analytical
methods were stability-indicating, which enabled an evalua-
tion of rates of degradation across the drug product strength
range in accordance with ICH Q1E [19].

Based on the consistency of the stability profile among the
registration batches, reduced testing approaches were pro-
posed to agencies in the post approval commitment for stabil-
ity monitoring of batches enrolled annually beyond the regis-
tration batches. Due to the absence of change in quality attri-
butes in drug substance stored at the long-term condition, the
sponsor proposed to only monitor at this storage temperature
annually up to the proposed expiry. For drug product, the
sponsor proposed to monitor annual enrollment drug product
lots at only the long-term condition through the end of shelf
life. The sponsor also proposed enrollment of only one lot of
one of the three product strengths per year into the stability
program and omitting the 3-month and 9-month stability in-
tervals as prescribed by ICH Q5C [18].

The reduced drug substance stability testing post approval
commitment was approved by all agencies with which the
S.7.2 Section was registered. This lean stability approach en-
abled an annual QC workload savings of 4 drug substance
stability time points per year relative to the intervals recom-
mended for registration studies recommended by ICH Q5C
[18].

As for drug product, no objections were received to the
long-term storage drug product post approval stability moni-
toring commitment proposed in the P.8.2 Section. However,
the FDA specified that monitoring each enrolled lot for
6 months at the accelerated condition of 25 °C/60%RH was
also required to receive marketing authorization, to provide
continued assurance of the consistency of the stability profile
across drug product strengths. Nevertheless, this lean stability
approach enabled an annual QC workload savings of 22 drug
product stability time points per year relative to ICHQ5C [18]
and relative to enrolling annually into the stability program
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one lot of every marketed drug product strength according to
the storage conditions and testing frequency registered in
Section P.8.2.

Case Study 12

A science- and risk-based stability strategy was developed to
support a drug substance manufacturing site change for a
marketed small molecule solid oral dosage form product.
There were no changes to the drug substance manufacturing
process associated with the site change, and there were no pro-
posed changes to the drug product. The drug substance and
drug product are very stable with no identified SLLAs.
Globally, the product is approved in 79 markets. To change
the drug substance manufacturing site, 23 of those countries
required some form of supporting stability data. Six of those
required either 6 months or 12 months of drug substance sta-
bility data from the new drug substance manufacturing site to
support the change. Seventeen countries required drug sub-
stance and drug product stability data to support the change.
Given the high product understanding and stability knowledge,
a justification was established to support a reduced stability
protocol, both for the drug substance stability requirements
and for the drug product stability requirements. This strategy
was used for all but two countries that require stability data.

For the science and risk-based protocol, time points and
tests were reduced. For both drug substance and drug product,
reduced time points included 3 months and 6 months at 40 °C/
75%RH and only annual time points at 30 °C/75%RH.
Reduced testing for drug substance included only appearance
and purity and reduced testing for drug product included only
appearance, assay, degradation product, and dissolution
testing.

Within the six countries that require drug substance stabil-
ity data to support the change, five countries received the
reduced protocol. Four of those are now approved and one
remains under review. The sixth country required a more ex-
tensive drug substance protocol that included additional time
points and assay testing. From the perspective of the initial
registration stability protocol, this protocol was also signifi-
cantly reduced with respect to the quality attributes that were
assessed. This approach was also approved.

Within the remaining countries (23) that require some level
of drug substance data from the new manufacturing site and
drug product stability data on batches manufactured using
drug substance from the proposed site, 12 submissions were
filed with the science and risk-based protocol. The reduced
protocol strategy will be submitted in four additional countries
(not yet submitted) and a more standard stability strategy will
be submitted in one additional country. Of the 12 countries
where the reduced protocols were submitted, five were ap-
proved and seven are under review. The country where a more
standard stability strategy was submitted included additional

time points and assay testing for drug substance and additional
time points for drug product. The quality attribute testing for
drug product remained the same as the reduced protocol.

Conclusions

The case studies presented herein delineate how the combina-
tion of scientific rationale and product knowledge have been
leveraged successfully to develop stability strategies that were
robust and efficient. It is evident that there are a multitude of
opportunities for scientifically sound lean stability approaches
to be adopted. While hurdles towards the application of lean
approaches remain, both externally from regulatory authori-
ties and potentially more so internally within companies, there
are many scientifically sound lean approaches that could be
widely applied without significant regulatory challenge.
Determining such approaches relies upon identifying the tests
that are stability indicating (stability-related quality attributes
or SRQAs) and shelf-life limiting attributes (SLLAs) as well
as understanding the overall chemical and physical stability of
a compound or drug product. Tests which can be deemed non-
stability indicating can be removed from or reduced within the
stability protocol, and where a robust data package is avail-
able, bracketing approaches are often used. One common ex-
ample of a lean testing approachmight be elimination of water
testing for drug product where moisture content is not found to
be a SLLA. Similarly, microbial testing when initial sterility
and container closure integrity are demonstrated represents a
potential opportunity for technically justifying removal from
or reduction of this testing in the stability protocol. The reduc-
tion of time points and bracketing formulations are additional
common examples found in many of the case studies shared.

Although lean stability concepts have been discussed with-
in ICH since the early 2000s with the advent of bracketing and
matrixing approaches, a unified regulatory response to such
scientifically driven practices has not yet been achieved.
Without global acceptance of lean stability strategies, many
companies performing global development will inevitably de-
fault to the most conservative parameters in order to leverage
the same dataset to fulfill the expectations of all countries,
although the same level of detail might not be part of regional
specific submissions. Therefore, the primary goal of this pub-
lication is to further drive for implementation through increas-
ing exposure to accepted practices of lean stability utilized
throughout the development continuum. Success in this en-
deavor will ultimately benefit the patient by fostering an in-
creased efficiency in the delivery of innovative medicines.
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