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Abstract

Risk-Based Predictive Stability (RBPS) tools, such as the Accelerated Stability Assessment Program (ASAP) and other
models, are used routinely within pharmaceutical development to quickly assess stability characteristics, especially
to understand mechanisms of degradation. These modeling tools provide stability insights within weeks that could
take months or years to understand using long-term stability conditions only. Despite their usefulness, the
knowledge gained through these tools are not as broadly used to support regulatory filing strategies. This paper
aims to communicate how industry has used RBPS data to support regulatory submissions and discuss the
regulatory feedback that was received.
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Introduction
In 2015, the International Consortium for Innovation
and Quality in Pharmaceutical Development (IQ)
launched a working group to focus on the use of Risk-
Based Predictive Stability (RBPS) tools to optimize
pharmaceutical development. The working group has
approximately 50 members from 18 companies across
the pharmaceutical industry. The working group con-
ducted an industry survey to understand sponsor compan-
ies’ experiences using RBPS tools (Williams et al. 2017).
The survey indicated that RBPS tools were being utilized
in a variety of applications across the development con-
tinuum. A key learning was that of all the surveyed com-
panies utilizing RBPS tools, approximately 55% of them

were leveraging the data in a regulatory capacity. Of those
that reported utilization of RBPS data in regulatory sub-
missions, the level of experiences exceeded 100 submis-
sions in total from clinical development through
registration. This paper provides a more in-depth look at
these submissions and the regulatory feedback that was
received. The ideas shared in this document reflect infor-
mation shared during the 2018 AAPS and IQ Joint Short
Course entitled “Science and Risk-Based Stability Strat-
egies: Applications of Predictive Tools.”
The International Council for Harmonization (ICH)

first recommended the adoption of Guideline Q1A (Sta-
bility Testing of New Drug Substances and Products) in
2000 (ICH 2003). Since that time, significant advances in
the science of stability have occurred. Improved model-
ing tools coupled with appropriate protocols now enable
confident stability predictions without long-term data
(Waterman and Adami 2005; Waterman et al. 2007;
Oliva et al. 2012; Wicks et al. 2018; Williams et al.
2018). Although these tools do not replace the trad-
itional long-term and accelerated studies that are de-
scribed in ICH Q1A, they enhance drug development by
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providing an increased understanding of the attributes
that influence stability earlier in development. These ap-
proaches are well aligned with the science and risk-
based approaches detailed in ICH Q8-–Q11 (ICH 2009;
ICH 2005; ICH 2008; ICH 2012) and have been termed
Risk-Based Predictive Stability (RBPS) (Williams et al.
2017). Companies are utilizing these RBPS tools to en-
able the development of medicines (Freed et al. 2016).
The survey indicated that the majority of the regu-

latory experience has been in the early clinical devel-
opment phase (Williams et al. 2017). Based on this,
the working group published a proposed regulatory
template to standardize how RBPS data can be re-
ported in a regulatory filing (Stephens et al. 2018) to
support an initial clinical shelf life. This paper is
intended to expand on the regulatory template
publication by sharing diverse case studies of
instances where RBPS tools have been used to sup-
port regulatory filings. The case studies illustrate how
RBPS tools can be used throughout all stages of
development. The industry survey indicated that most
companies using RBPS tools are utilizing Accelerated
Stability Assessment Program (ASAP) modeling (Wil-
liams et al. 2017). The case studies reflect the pre-
dominant use of ASAP; however, other predictive
models could support similar regulatory strategies.
The presented case studies are summarized in Table 1.

The majority focus on early clinical development, which
reflects how industry most commonly uses RBPS tools
in regulatory submissions. Where RBPS is used to pre-
dict a retest date/shelf life, the predictions are always
supported by a 95% confidence interval. However, most
companies take a conservative approach to retest/shelf-
life dating and assign a retest/shelf-life shorter than the
prediction supports. Typically, if RBPS data alone is used
to establish the retest/shelf-life, a 1–2 year maximum is
applied.
The case studies are presented in order of the phase of

development. Most of these case studies utilize RBPS
tools to predict degradation, but RBPS tools can also be
used to predict dissolution. Case studies were provided
by eight pharmaceutical companies. Additionally, the
collective regulatory experiences from 5 companies were
pooled and analyzed with respect to global regulatory
acceptance of RBPS strategies.

Case studies – phase 1
Case study 1: setting an initial retest period for drug
substance and an initial shelf-life of the drug product
Accelerated Stability Assessment Program (ASAP) stud-
ies on drug substance and drug product were performed
in 2014 to support a first-in-human (FIH) clinical trial
with an oral solution. The 14-day ASAP study for the
drug substance included seven temperature and

humidity conditions ranging from 40 °C/75%RH to
80 °C/10% RH. The ASAP study for the drug product
(oral solution) was one month long, and was performed
with five different temperatures ranging from 25 °C to
70 °C. In both cases, assay and chemical degradation
were modeled. For the oral solution, the ASAP was per-
formed in closed vials and for the drug substance, the
ASAP was performed in an open dish.
The ASAP predictions and 1-month of stability data at

the proposed long-term storage condition on the drug
substance were used to support an initial retest period of
12 months, although the modeling predicted a retest
period of at least 3 years. For the oral solution, a shelf-
life of 6 months when stored at 2–8 °C was proposed
based on ASAP data only since no out-of-specification
test results were predicted for at least 1 year at 5 °C and
at least 6 months at 25 °C/60%RH storage conditions. In
the IMPD, a commitment was made to perform trad-
itional long-term and accelerated stability monitoring on
both drug substance and drug product and the stability
protocols were included. The submission was filed in
Belgium in 2014 and was accepted without any related
regulatory queries. The ASAP predictions were subse-
quently confirmed by the available long-term stability
data.

Case study 2: leveraging RBPS to support shelf-life for a
new strength of an existing tablet formulation
In 2015, a Phase 1 clinical trial was proposed requiring a
new lower strength version of an existing tablet formula-
tion. The existing tablets were known to be chemically
stable with a 5-year shelf-life based on five years of sta-
bility data at 25 °C/60% RH and significant product un-
derstanding and development knowledge. The new low
strength tablet was formulated utilizing a common gran-
ule with the existing tablets and therefore expected to
also be chemically stable. An ASAP study incorporating
five temperature and humidity conditions from 50 °C/
75% RH to 70 °C/75% RH for up to 4 weeks was per-
formed using a crushed tablet, as the worst-case scenario
due to increased surface area. Chemical degradation was
modeled based on one main degradant as the shelf-life
limiting attribute (SLLA). Predictions did not consider
packaging (worst case).
The ASAP predictions were used to support a 3-

year shelf-life claim, for the new low strength tablet,
along with 3 months long-term stability data on the
new strength and previous stability data on the exist-
ing higher strength formulations. The submission was
filed in the USA, UK, France, Italy, Turkey, Egypt,
Lebanon and Kenya in 2015 and was accepted with-
out any related regulatory queries. The ASAP predic-
tions were subsequently confirmed by the available
long-term stability data.
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Case study 3: leveraging RBPS to support a change in the
capsule shell
In late 2016, a Phase 1 capsule formulation was reformu-
lated to change from a gelatin capsule shell to a hy-
droxypropyl methyl cellulose (HPMC) capsule shell. An
ASAP study was performed to predict a shelf-life for the
new encapsulated formulation using a representative
batch. The 8-week ASAP study incorporated six

temperature and humidity conditions ranging from
50 °C/30% RH to 70 °C/75% RH and chemical degrad-
ation was modeled based on the formation of three
degradants, to identify the shelf-life limiting degradant.
The ASAP predictions were submitted to the USA in

2017 with one month of long-term stability data for the
HPMC capsules to support a 12-month shelf-life under
ambient conditions. This was accepted with no related

Table 1 Overview of case studies

Case
study
no.

Description Phase Material Submission Content in
Addition to Predictive
Dataa

Territories

Accepted Questioned

1 Setting initial retest period and
shelf-life

Phase 1 Drug
substance
and oral
solution

Limited long-term data
for drug substance

Belgium

2 Setting shelf-life of formulation
variant

Phase 1 Tablet Limited long-term data USA, UK, France, Italy, Turkey, Egypt,
Lebanon, Kenya

3 Setting shelf-life of formulation
variant

Phase 1 Capsule Limited long-term data USA

4 Setting initial retest period and
shelf-life

Phase 1 Drug
substance
and IV
solution

None Netherlands, Germany (drug
substance)

UK,
Germany
(drug
product)

5 Setting initial retest period and
shelf-life

Phase 1 Drug
substance
and tablet

None USA UK

6 Setting initial shelf-life Phase 1 Tablet None Belgium, Moldova, Bulgaria, Georgia France,
Spain

7 Setting initial shelf-life Phase 1 Powder for
oral
solution
and tablet

None Germany

8 Setting shelf-life of formulation
variant

Phase 1 Capsule None USA, Spain, France

9 Setting initial shelf-life Phase 2 Tablets None USA, Belgium

10 Setting initial shelf-life Phase 2 Modified
release
formulation

None USA, Belgium

11 Setting shelf-life of formulation
variant

Phase 2 Tablet None USA, Spain, France Germany

12 Justify storage condition for drug
substance with a new process,
and predict shelf-life for a new
formulation

Phase 2 Drug
Substance
and Tablet

Limited long-term data
for drug substance, Lim-
ited long-term data for
drug product

USA

13 Setting shelf-life of formulation
variant

Phase 2 Tablet Limited long-term data UK (but with reduced shelf-life)

14 Impact of drug product process
change on shelf-life

Phase 3 Tablet Limited long-term data USA, Canada, Russia, Taiwan, Poland,
Ukraine, Japan

15 Setting shelf-life of formulation
variant

Phase 3 Capsule Supportive information
from previous
formulations

Belgium, Brazil, Canada, China, India,
Denmark. Finland, France, Ireland,
Italy, Netherlands, Portugal, Spain,
Taiwan, Turkey

UK, Korea,
Germany

16 Justification of strategy for water
testing on stability

Registration Tablet Predictive dissolution
model

USA, EU

17 Justification of degradant end of
life specification

Registration Tablet Limited long-term data USA, EU, Canada, Australia, Asia
Pacific and Latin America

aDoes not reflect additional data provided in response to regulatory queries
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regulatory queries. The ASAP predictions were subse-
quently confirmed by the available long-term stability
data.

Case study 4: setting an initial retest period for drug
substance and an initial shelf-life for a parenteral drug
product
During 2017, ASAP studies were performed for the first
Phase 1 submission for a new drug substance and the
drug product formulation, an IV solution. The ASAP
study performed for the drug substance utilized six
temperature and humidity conditions ranging from
50 °C/75% RH to 80 °C/30% RH. No degradation was ob-
served during the 12-week drug substance ASAP study,
so no modeling was performed. A similar range of tem-
peratures were used for the drug product 6-week ASAP
study, using a representative batch, and the data used to
predict an initial shelf-life based on formation of the
main degradant.
The ASAP data for the drug substance and drug prod-

uct were presented in the application with predicted
degradation for the drug product. The ASAP data were
used to support a 12-month retest period for the drug
substance under ambient conditions and a 12-month for
the drug product at 5 °C. Commitments to initiate trad-
itional long-term and accelerated stability studies for
both the drug substance and drug product were made,
but no long-term stability data were presented. The sub-
mission was filed in the UK, Germany and the
Netherlands. It was accepted with no related queries in
the Netherlands. The drug substance retest period was
accepted by Germany, but the drug product shelf-life
claim was questioned and a 6-month shelf-life was sug-
gested. In response, the 1 and 3-month long-term stabil-
ity data for the drug product was presented to support
the 12-month shelf-life claim. The MHRA requested
long-term stability data for both drug substance and
drug product, which was subsequently provided. In the
responses to both Germany and the UK, the 1 and 3-
month long-term stability data for the drug product was
overlaid with the ASAP predictions at both 5 °C and
25 °C to demonstrate the accuracy of the predictions and
the applications were approved. The ASAP predictions
were subsequently confirmed by the available long-term
stability data.

Case study 5: setting an initial retest period for drug
substance and an initial shelf-life for drug product
ASAP studies were performed during 2017 to support
the initial Phase 1 submission for a new drug substance
and drug product tablet formulation, using representa-
tive batches. The 6-week ASAP study incorporated six
temperature and humidity conditions ranging from
50 °C/75% RH to 80 °C/30% RH for the drug substance

and drug product. Minimal degradation was observed in
the drug substance ASAP study, so modeling was not
possible. Shelf-life predictions were performed for the
drug product based on the main degradant.
The ASAP data for drug substance and drug product

were presented in the submission with predicted degrad-
ation for the drug product. The ASAP data supported an
initial 12-month retest period for the drug substance
and an initial 12-month shelf-life for the drug product
under ambient conditions. Commitments to complete
traditional long-term and accelerated stability studies for
both the drug substance and drug product were stated,
but no long-term stability data were presented. The sub-
mission was filed in the USA and UK. The US FDA had
no related queries, but UK MHRA requested 3 months
long-term stability data for both the drug substance and
drug product. The requested data was supplied resulting
in an agreement with the 12-month shelf-life and no
delay to the clinical study start. The ASAP predictions
were subsequently confirmed by the available long-term
stability data.

Case study 6: setting an initial shelf-life for drug product
In support of a Phase 1 clinical trial, a 30-day ASAP
study was performed applying 6 different temperature
and humidity conditions ranging from 40 °C/75% RH to
70 °C/75%RH, on newly formulated tablets. During the
ASAP study, no degradation was observed, so modeling
was not possible. A shelf-life of 12 months was proposed
for the tablets. The submission was filed in 2015 to
Belgium, Spain, France, Moldova, Bulgaria and Georgia
and was accepted in all countries, except for France and
Spain where additional long-term data (3 months) was
requested to approve the 12-month shelf-life. The ASAP
predictions were subsequently confirmed by the available
long-term stability data.

Case study 7: setting an initial retest period for drug
substance and an initial shelf-life for multiple drug products
A new Phase 1 clinical trial was proposed using a pow-
der for oral solution (PfOS), consisting of drug substance
in a bottle formulation and a tablet formulation. A 12-
month shelf-life was required for both formulations to
enable the clinical study. ASAP studies at four
temperature and humidity conditions ranging from
60 °C/50% RH to 70 °C/75%RH were conducted for up
to three weeks on the drug substance and the tablet. No
degradation was observed. The ASAP data were submit-
ted to Germany in 2014 to request an initial 12-month
shelf-life for the PfOS and the tablet. The submission
also included a commitment to monitor clinical batches
using a traditional long-term and accelerated stability
protocol. No long-term data were provided in the initial
submission.
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The Agency responded that “The submitted stability
data are inadequate for demonstrating a shelf-life of 12
months for both investigational preparations. Additional
results should be submitted which at least demonstrate
the stability of the active ingredient and the tablets after
3 months at 40°C/75%RH”. At the time the query was
received, the 3-month results on the tablet were avail-
able and submitted together with 3-month drug sub-
stance data at 40 °C/75%RH. No further queries were
received from the Agency and the 12-month shelf-life
was approved. The ASAP predictions were subsequently
confirmed by the available long-term stability data.

Case study 8: setting an initial shelf-life for a new
formulation for an ongoing clinical study
In 2013, a formulation was changed from an oral solu-
tion to a capsule for an ongoing Phase 1 clinical trial. At
the time of submission of the new formulation, no long-
term stability data were available. A 14-day ASAP study
incorporating five temperature and humidity conditions
ranging from 40 °C/75%RH to 70 °C/50% RH was per-
formed. Assay and chemical degradation were modeled.
Packaging predictions were also included.
The ASAP predictions were used to support an initial

12-month shelf-life for the new capsule formulation.
The submission included ASAP data with a commitment
to perform long-term stability on a representative cap-
sule batch. The application was approved in the USA,
France, and Spain in 2013. No regulatory queries were
received on the proposed shelf-life. The ASAP predic-
tions were subsequently confirmed by the available long-
term stability data.

Case studies – phase 2
Case study 9: setting an initial shelf-life for multiple tablet
strengths (not common blend)
Clinical studies for a tablet formulation at three
strengths manufactured at varying drug loads were
planned for the USA and Belgium in 2016. The submis-
sions did not include long-term stability data but did
provide a commitment to place representative clinical
batches of each strength on long-term stability. An
ASAP study was performed on a development batch of
compacts for the strength with the highest excipient to
drug ratio, maximizing the potential for drug substance
degradation.
The ASAP experiment was run for 14 days in open

containers incorporating six temperature and humidity
conditions ranging from 50 °C/75% RH to 80 °C/40%
RH. The results included levels for two primary degra-
dants. The data was modeled and predicted that room
temperature storage may not provide a suitable shelf-
life, but a shelf-life of 12 months could confidently be set
for all three strengths when stored at 5 °C. These data

and predictions were submitted to both health author-
ities. No queries were received. Since the initial submis-
sions, long-term data has supported the storage of the
supplies under refrigeration and room temperature.

Case study 10: setting an initial shelf-life for a modified
release drug product
A modified-release (MR) formulation at two strengths
(the strengths were composed of different levels of drug
substance to produce a common tablet weight) was in-
troduced into clinical studies in the USA and Belgium.
At the time of this 2015 submission, no long-term data
was available, and the initial shelf-life was supported by
an ASAP study.
The ASAP study was run on both tablet strengths for

60 days using eight temperature and humidity condi-
tions, ranging from 30 °C/5%RH to 60 °C/5%RH and
50 °C/52%RH. A single degradant was identified as the
SLLA and was modeled to predict that the MR tablets
would be stable for at least 12 months when stored at
25 °C. An initial shelf-life of 12 months was proposed.
The results of the ASAP study were submitted along
with a commitment to place a representative clinical
batch of each strength on long-term and accelerated sta-
bility. No related regulatory queries were received. The
ASAP predictions were subsequently confirmed by the
available long-term stability data.

Case study 11: setting an initial shelf-life for a new
formulation introduced into an ongoing clinical study
In 2017, clinical application amendments were filed to
introduce an additional tablet formulation. Two tablet
strengths with a different formulation were already ap-
proved for clinical use. A different strength was pro-
posed for the new formulation and no long-term data
was available for the clinical amendments.
A 4-week ASAP study was conducted to support the

initial clinical shelf-life for the new formulation and re-
sults were provided in the regulatory submission. The
study was conducted on a development strength tablet
(0.25 mg instead of the proposed clinical strength of 15
mg). The development strength (0.25 mg) contained a
higher excipient to drug ratio than the proposed clinical
strength, thereby providing a worst-case assessment for
degradation. They were stored in open glass bottles and
exposed to eleven separate temperatures, humidities and
durations. The conditions varied from 50 °C/75% RH to
80 °C/40% RH and 70 °C/75% RH.
The stability samples were subsequently evaluated for

appearance and concentrations of the main degradant.
The main degradant was used to predict the shelf-life
and predictions supported an initial shelf-life of at least
12 months.
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This application was filed to the USA, Spain, Germany
and France. For Spain, the USA and France, an initial
shelf-life of 12 months was accepted without related
regulatory queries. Germany queried the assignment of a
12-month shelf-life without long-term data. In response,
3 months of long-term data were provided at the pro-
posed storage conditions and accelerated conditions
(40 °C/75% RH) and the shelf-life was approved. The
ASAP predictions align with the available long-term sta-
bility data.

Case study 12: justification of storage conditions for drug
substance and setting an initial shelf-life for drug product
ASAP studies on drug substance and drug product were
performed to support a Phase 2 clinical program in
2018. The drug substance was manufactured via a new
process and a new drug product was introduced. In both
cases, the studies were performed on representative de-
velopment batches in an open dish configuration, and
chemical degradation kinetics were modeled on the
major degradant. The 42-day ASAP study for the drug
substance included 5 temperature and humidity condi-
tions ranging from 50 °C/80%RH to 80 °C/0%RH. For
drug product, the 100 day ASAP study was performed
based on 5 different temperature and humidity condi-
tions ranging from 50 °C/60%RH to 70 °C/10%RH. The
long study duration was due to the need to use less
stressful conditions because of potential form changes at
higher temperatures. The ASAP predictions and 9-
month long-term stability on clinical batches of drug
substance were used to justify refrigerated storage condi-
tion. For drug product, the ASAP model was used to
support a predicted 2-year shelf-life. The ASAP results
were submitted to FDA, together with 6 months of sta-
bility on developmental batches and a commitment to
perform long-term stability on the clinical batches. This
risk-based stability approach was accepted by the agency
without stability data on clinical batches. Long-term sta-
bility studies on the clinical batches are ongoing. The
ASAP predictions align with the available long-term sta-
bility data.

Case study 13: setting an initial shelf-life of a drug product
In 2018 a new drug product formulation was planned
for use in a Phase 2 relative bioavailability (rBA) study in
the UK. Subsequently, the same formulation would be
used in Phase 3 studies. A 28-day ASAP open-dish study
was conducted on a representative lot. Experiments in-
cluded 9 temperature and humidity conditions ranging
from 30 °C to 80 °C and 11%RH to 82% RH. Chemical
degradation was modeled based on a major degradant.
The ASAP model predicted acceptable stability in the
clinical package for at least 1.6 years at ambient storage
conditions.

The ASAP results were submitted to support a 12-
month shelf-life for the new formulation. One month of
long-term stability data on a representative batch was
submitted with a commitment to continue the confirma-
tory long-term stability study. A commitment was also
made to run a confirmatory long-term stability study on
a clinical batch through the proposed shelf-life. The UK
reviewer did not query the approach but reduced the
shelf-life to 6months as part of the IMPD approval let-
ter. There was no opportunity to provide additional sta-
bility data during the review. The ASAP predictions
align with the available long-term stability data.

Case studies – phase 3
Case study 14: re-assessment of shelf-life after a drug
product process change
During the Phase 3 development of a tablet formulation
in 2016, a process change from wet granulation to roller
compaction was required. The product was known to be
chemically stable, with two years long- term stability
data on the wet granulation product. An 8-week ASAP
study was performed on a representative batch of the
roller compacted formulation, utilizing six temperature
and humidity conditions ranging from 50 °C/75% RH to
80 °C/30% RH. No degradation was observed in the
ASAP study, demonstrating the chemical stability of the
product. A reduction in the rate of dissolution was ob-
served in tablets exposed to high humidity. This trend
was consistent with previous studies of the wet granula-
tion formulation; therefore, the tablets were stored with
desiccant. The results from both studies were used to
demonstrate equivalence between the two formulations
with respect to stability attributes.
The ASAP and dissolution data for the roller compac-

tion formulation was presented in the regulatory submis-
sion to support a 2-year shelf-life alongside one month
of long-term stability data and 2-year stability data on
the wet granulation formulation. The submission was
filed in the US, Canada, Russia, Taiwan and Poland and
accepted with no related regulatory queries. Long-term
data subsequently confirmed that the assigned shelf-life
was appropriate.
During 2017 a lower strength tablet of the same roller

compaction formulation (common blend) was required
for clinical studies. The ASAP and dissolution studies
were repeated for the low strength formulation and simi-
lar results obtained. The data was used to demonstrate
equivalence with the higher strength formulation and
the wet granulation formulation. The ASAP and dissol-
ution data were presented in the regulatory submission
in the absence of long-term data on the low strength
formulation, but alongside 6 months stability data on the
higher strength formulation. A commitment was made
to set down long-term stability studies for the low
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strength formulation in the submission. It was filed in
Ukraine, Russia, Canada, US, Taiwan, Poland and Japan
and was accepted without related regulatory queries.
The ASAP predictions were subsequently confirmed by
the available long-term stability data.

Case study 15: setting an initial shelf-life for a new drug
product formulation
In 2010, IND and IMPD applications were filed globally
(Belgium, Brazil, Canada, China, Denmark, Finland,
France, Germany, India, Ireland, Italy, Korea,
Netherlands, Portugal, Spain, Taiwan, Turkey, Ukraine,
United Kingdom) to support a Phase 3 study using a
new drug product formulation without traditional long-
term and accelerated data on the new formulation. The
new formulation was the intended commercial formula-
tion and was a formulated immediate release (IR) gelatin
capsule. Phase 1 and 2 formulations included powder
(drug substance) in a capsule (PIC) and IR tablet. Stabil-
ity data for the Phase 1 and 2 formulations were sup-
portive, since the data provided long-term data
supporting chemical compatibility between the drug
substance and most of the excipients being used in the
capsule formulation.
A statistically designed 14-day ASAP study was per-

formed on a development lot of the capsules that was
compositionally equivalent to the proposed clinical cap-
sules. The development lot was stored in open glass bot-
tles and exposed to various temperatures, humidities
and durations. Ranging from 50 °C/75%RH to 80 °C/
75%RH and 5 to 14 days. Testing was performed on de-
velopment batches containing the highest excipient to
drug ratio for this product, maximizing possible drug-
excipient interactions.
The stability samples were evaluated for appearance,

levels of the main degradant, and total degradants. All
appearance data remained within specification with no
significant trends observed. The main degradant was de-
termined to be the shelf life limiting degradant at room
temperature conditions. The degradant was modeled,
and the results were used to predict an initial clinical
shelf life for the formulation. The model predicted an
acceptable shelf life of at least 2 years, when stored at
30 °C/75% RH.
The predictive results along with supportive data from

the previous clinical formulations were filed to the coun-
tries listed above, along with a commitment to evaluate
the stability of the clinical supplies through the duration
of the clinical studies under long-term and accelerated
conditions. The initial shelf-life was assigned as 12
months. This approach was accepted without queries in
all countries except UK, Korea and Germany. Three
months of long-term data were provided in response to
queries in these countries and the shelf-life was

approved. The ASAP predictions were subsequently con-
firmed by the available long-term stability data.

Case studies: registration
Case study 16: justification of drug product strategy for
water testing on stability
For a recent immediate release formulation made up of
an active-containing amorphous solid dispersion, it was
determined that water content is not a critical quality at-
tribute (CQA) and does not require analytical control.
To justify this, in addition to a forced crystallization
study and open dish chemical stability studies, dissol-
ution was evaluated for the impact of temperature and
water content. An ASAP study on tablet dissolution was
designed using seven accelerated temperatures and hu-
midity conditions ranging from 50 °C/60%RH to 60 °C/
75%RH for up to 2 weeks. Considerable changes in dis-
solution were observed under highly stressed conditions.
The ASAP data along with data from the 40 °C/75%RH
open dish study at 3 and 6months were used in the data
modeling. With the fitted modified Arrhenius equation,
along with the water sorption isotherms of the tablets
and packaging configurations, dissolution profiles were
predicted throughout the product shelf-life under any
given storage condition and initial tablet water content.
The model was then verified with available real time sta-
bility data and agreed with the observed real time data
(Li et al. 2016).
The ASAP study and dissolution prediction model

were presented in Section 3.2.P.2.3 Manufacturing
Process Development of the product marketing applica-
tion submitted to the USA and EU. The results demon-
strated that under the proposed packaging and storage
conditions the water content of the tablets would not
impact dissolution justifying water testing is not required
on stability. The data and strategy were accepted by the
agencies with no related review queries. The ASAP pre-
dictions were subsequently confirmed by the available
long-term stability data.

Case study 17: justification of degradant end of shelf-life
specification
A Product Characterization Study (PCS) (Lavrich 2016;
Wu et al. 2018) is a systematic study that explores the
product stability as the product is exposed unprotected
to various constant environmental conditions to under-
stand the impact of storage conditions and formulation
composition / manufacture process on the stability of
product over the anticipated shelf life. It is used to build
predictive stability models and to inform the design
space, control strategy, specification setting, package se-
lection, shelf-life and post-approval changes.
A PCS was performed to assess the impact of moisture

and temperature on the degradation of an extended
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release tablet formulation over an anticipated 2-year
shelf- life. The study was conducted under open dish
conditions by exposing drug product stored at 25 °C,
30 °C and 40 °C over a range of humidity conditions
(15%, 35%, 45%, 60% and 75%RH) with sampling at vari-
ous time points over 2 years. PCS data revealed that the
API in drug product was sensitive to moisture with hy-
drolysis degradation the primary degradation pathway.
An example of relevant hydrolysis degradation results of
the PCS study at 25 °C is provided in Fig. 1.
The data revealed that levels of the hydrolysis product

were suitably controlled in samples stored below
35%RH. The selected high-density polyethylene (HDPE)
bottle packages were designed to maintain a headspace
RH of less than or equal to 35% for one potency and
30% for two other potencies over the course of 2 years
when stored at room temperature conditions across all
four climatic zones. The headspace moisture is effect-
ively controlled in bottle packages by adjusting the desic-
cant loading to account for long-term moisture
transmission across the primary package barrier, as well
as the moisture introduced via the product mass.
To support the proposed shelf-life degradation limit,

the PCS predictions were filed in NDA drug product
sections 3.2.P.5.6 Justification of Specification(s) and
3.2.P.8.1 Stability Summary and Conclusion in multiple
markets including the US, EU, Canada, Australia, Asia
Pacific, and Latin America starting in 2011. The data
and strategy were accepted by the agencies with no re-
lated regulatory queries.

Discussion of regulatory feedback and regulatory
trends
Experience using risk-based predictive tools to set an
initial clinical shelf-life reaches back to 2009. Overall,
the regulatory acceptance of this strategy has been high.
The collective experience of five companies involved
with authoring this publication is summarized in Fig. 2.
Here, the bars on the left (blue) represent the number of
clinical applications that were submitted and approved
utilizing only predictive stability to support the initial
shelf-life. Within these submissions, commitments were
also made to conduct long-term and traditional acceler-
ated stability, but data from those studies were not avail-
able for the initial submission. The middle bars (red)
represent the portion of those clinical submissions where
the regulatory reviewer required submission of data from
the traditional stability study prior to granting the re-
quested shelf-life. The bars on the right (green) repre-
sent those submissions where the proposed shelf-life was
not accepted. In the cases where the shelf-life was not
accepted, the reasons provided link the non-acceptance
to lack of long-term stability data, rather than relating
the non-acceptance to specific concerns with the model
used. Over the years, most of the regulatory applications
that submitted only predictive data to support the initial
shelf-life were accepted. As illustrated by the red bars in
2016 and 2017, the number of requests for additional
data to substantiate the initial shelf-life appears to be in-
creasing. And, although the contributing companies have
not experienced the rejection of their application based

Fig. 1 Predicted Hydrolysis as a Function of Humidity at 25 °C. The Regression Line and the 95% Confidence Interval are Presented. The Proposed
Specification Limit for the Hydrolysis Product is 0.30%
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on this strategy, there are a small number of occurrences
where the proposed shelf-life was not accepted.
There has been an apparent decrease in regulatory ac-

ceptance of the use of RBPS to set initial shelf-life since
2016. A higher percentage of submissions were queried
for the provision of data from traditional studies. In
2018, some companies were not granted the requested
shelf-life after the provision of long-term data or were
not permitted the opportunity to provide additional data.

The recent trend may be in part due to the publication
of the 2017 EMA clinical guideline (European medicines
agency 2017) which provides increased instruction on
how companies should set and extend shelf-life in the
clinical stage and does not acknowledge RBPS as a tool
to set an initial shelf-life. When using risk-based strat-
egies to set or extend a clinical shelf-life that do not
align with the recommendations in the guideline, com-
panies should clearly articulate their justification.

Fig. 2 Regulatory Experience Using RBPS to Set an Initial Shelf-life

Fig. 3 RBPS Regulatory Experience by Country (2009–2018). *USA Bar is truncated (35 accepted without requests for additional data)
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The data since 2009 was also analyzed by country and
these results are presented in Fig. 3. The bottom (red)
bar represents the number of submissions made to a
given country with only RBPS data for the proposed
clinical material(s). The top (blue) bar represents the
number of submissions that were approved without the
provision of additional traditional stability data. The ana-
lysis indicates that RBPS approaches for setting initial
shelf-life have generally been accepted by most coun-
tries. However, several countries do not embrace this ap-
proach. This could point to a need for further
transparency and discussion within submissions on the
details of the model and the assumptions that were
made. Harmonization amongst industry on how these
data are presented and utilized may also enable broader
regulatory acceptance. A proposed approach for this was
recently published (Stephens et al. 2018).
Beyond the clinical space, the case studies presented

where RPBS data were used to support registration ap-
plications illustrate the broad range these tools have for
impacting development knowledge. These case studies
demonstrate how impactful RBPS data can be as sup-
portive development data. Based on feedback received in
the Industry Survey (Williams et al. 2017), companies
are routinely using RBPS to identify optimal formula-
tions, for packaging selection and to demonstrate
equivalence to support changes. Discussion of these
RBPS data within a marketing application would further
underwrite fundamental product understanding.

Conclusion
The case studies presented in this paper demonstrate
that RBPS can be and is being used to set an initial retest
period for clinical drug substance, an initial shelf-life for
many clinical formulations, and to support changes (e.g.,
to demonstrate equivalence after a process/formulation
change or to assess the risk to stability after a packaging
change) (Timpano et al. 2018). Where available, long-
term data for each case are consistent with the RBPS
predictions. The use of predictive tools to set initial re-
test/shelf-life is well-precedented and has been used rou-
tinely by some companies for almost ten years. It
enables shelf-life to be set in a more expedient manner.
This, in turn, enables submission of clinical applications
in a timelier fashion. The regulatory risks to this ap-
proach are presented above and can be mitigated by en-
suring the appropriate duration of long-term data is
available for query responses to further substantiate the
proposed shelf-life.
Analysis of the collective recent regulatory experience

(refer to Fig. 2) suggests an apparent decrease in regula-
tory acceptance of the use of RBPS to set initial shelf-life
since 2016. Companies with experience using these tools
feel this is at odds with RBPS being a powerful and

science-based tool for gaining a more rapid and thor-
ough understanding of the stability characteristics of a
drug substance and drug product. The depth of stability
knowledge gained through an RBPS study typically well
exceeds the information learned after, for example, the
first 3-month time point of a long-term study where, for
most well-designed products, changes are insignificant.
Although the approach is not intended to replace long-
term studies for setting shelf-life, it certainly comple-
ments traditional long-term and accelerated stability
studies in that the modeling is ultimately validated by
the long-term data.
The varied case studies presented herein demonstrate

that the use of RBPS tools can play an important role in
regulatory submissions. In the clinical space, RBPS can
lead to more rapid development timelines which pro-
vides benefit for patients in need of new medications.
The tools provide a key benefit to development and fun-
damental product understanding. There is a clear oppor-
tunity to continue to share this data and utilize it to
convey enhanced product understanding in regulatory
submissions. Beyond the case studies presented here, the
potential regulatory applications for RBPS are many and di-
verse. Moving forward, these tools could be used to bring
medicines to the market sooner, particularly when consider-
ing long-term (12month) data per ICH can be the rate limit-
ing step for a marketing application (European 2017). RBPS
tools could be used effectively post-approval to understand
and convey risk to stability after a change to a process or
product, rather than relying on collection of long-term data
(Malcom 2018). In these cases, RBPS once again has the po-
tential to provide value adding and incisive information in a
short amount of time. When used effectively, this data
should enable industry to make the best decisions through-
out development and lifecycle management and enhance
regulatory reviewers’ confidence in industry’s abilities to
understand the stability of our products and further protect-
ing the patient.
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