N
"

CHEMICALS
KNOWLEDGE HUB

Have you got the physical form of your

APl under control?

Originally Published: 14-Oct-2021

Selection and isolation of the correct stable polymorph is a key driver for
confidence in your API product, with crystallization as the key to
success. Starting from historical considerations and moving through to
modern techniques for creating the required final dosage form, Dr
Jonathan Loughrey and Professor Tom Moody of Almac Group describe
strategies to ensure that a robust process for a crystalline product is

achieved..
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Identifying, selecting and protecting the correct polymorphic
form of an API (free forms, salts, and co-crystals), is a critical
decision that has a significant effect not only on
commencement of any scale-up and product manufacture but
also on the commercial deliverables and protection of product
IP. Moreover, it creates confidence that the product API will
remain consistent throughout formulation development and
clinical trials, an essential trait for any existing or new drug

product.
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Fine-tuning API properties

Once the polymorphic form of the API (both small molecule and
peptide) has been identified and selected, preformulation and
drug product development teams are on hand to fine-tune the
physiochemical properties of the drug substance. This is critical
to maximize drug bioavailability and stability and this
information should be fed seamlessly back to crystallization

chemists and engineers who are able to develop robust and




and scaleable crystallization processes. Reliable preparation of
the targeted form with specific solid form properties (e.g.
flowability, particle size, and morphology) is essential. Feedback
loops between teams is a critical feature of modern solid form
development and as the industry generally turns to APIs with
increased complexity, selecting and isolating the correct
polymorphic form of an APl is becoming more challenging with
modern strategies and techniques being developed. This
narrative explores such key considerations for API
crystallization, polymorph selection, and how modern advances
in equipment and techniques ensure isolation of the desired

solid form, which in turn can be manufactured with confidence.

Robust and reliable procedure

Designing and engineering a robust and reliable crystallization
procedure is a critical step in the selective isolation and
purification of an active pharmaceutical ingredient (API) or high-
value chemical target, most commonly with a molecular weight
between 100 and 3000 Daltons. Without a robust isolation
procedure, minor changes to the processing conditions may
have a disastrous impact on product quality and subsequent
downstream activities. As a result, the isolation of crystalline
APl is commonplace within the pharmaceutical industry and it is
estimated that more than 90% of APIs are isolated as a
crystalline product.[i],[ii] Pharmaceutical crystallization process
development has been accelerated as a topic of discussion due
to numerous high-profile cases related to the solid form of an
API; the isolation of (S)-(-)-thalidomide instead of (R)-(+)-
thalidomide,[iii],[iv] the discovery of ritonavir form Il 18 months
after commercial launch,[v],[vi] and the recall of ritigotine
(Neupro) in 2008 upon identification of a new polymorph during
stability storage.[vii] These examples highlight the importance
of understanding and controlling the solid form of an API to

ensure safety to the end user.

Most commonly isolated in batch processes from stirred tank
reactors,1 the controlled crystallization of an API offers
numerous advantages. The most obvious is that the purity of
the APl is enhanced by holding any process impurities in
solution and selectively precipitating the API. A recall of
Ranitidine by the FDA in 2019 due to unacceptable levels of the
known carcinogen N-nitrosodimethylamine illustrates this

importance of selectively isolating the APl to control unwanted

impurities that may have severe detrimental health effects on
the patient.[i] Further advantages of API crystallization include
fine-tuning of the particle shape, size, and crystal morphology

and, crucially, isolation of the desired polymorphic form.

Polymorph selection

Selecting the most suitable polymorphic form of an API for
further development is the first step towards achieving a robust
and scaleable crystallization procedure. Typically, studies to
probe and understand the polymorphic landscape are
completed relatively early in the development cycle (i.e. at a
preclinical stage) because changes to the isolated polymorphic
form are well documented to give rise to different

physiochemical properties and aqueous solubilities. ii]

To avoid such an issue, the most stable (thermodynamic) form
of the APl is commonly sought via polymorph screening
experiments which evaluate the isolation of different solid
forms from wide ranging solvated and solvent-free conditions.
Examples of such conditions include common temperature
cycling / ageing within different solvent systems, sub-ambient
cooling experiments, anti-solvent addition experiments or
evaporation, to techniques that favour metastable forms
including polymer templating, sonication, sublimation and
milling. Achieving an understanding of the polymorphic
landscape is critical to guarantee that the stability of the final
product is understood and that it behaves predictably upon
isolation and storage in a warehouse for an extended period of
time. It is also important to understand stability, as it is known
that polymorphs can change when formulated with particular
excipients, or even in the presence of common plastics or

polymers in medical devices.[iii]

Once the solid-form properties of the APl are understood and
the polymorphic form selected for further development, teams
of specialist crystallization chemists and chemical engineers
continue the development towards reproducible preparation on
a larger scale. To provide a crystallization process that provides
material exhibiting desirable quality attributes (i.e. high purity,
high recovery, desirable morphology, good bulk density, and
excellent flowability), a deep understanding of the solubility of
the API (both representative crude material and the desired

polymorphic form) within suitable solvent systems is required.

Solvents that present low toxic potential as identified by the ICH
are generally preferred to avoid complicated washing and drying
studies upon isolation.[iv]The width of the metastable zone with
respect to temperature or solvent / anti-solvent composition
may then be determined to provide critical information on the
degree of supersaturation available within the solvent system
that may be tuned to control crystal growth. This is then
translated into a choice of solvent or solvent / anti-solvent
mixture for the final isolation steps, which are normally designed
in temperature-controlled glass lined reactors with overhead
agitation, and experimentally guided using predictive
computational fluid dynamics software (e.g. DynoChem®) and
optimized using experimental design software packages (e.g.
JMP) (see Figure 1). However, where the crystals are fragile,
Oslo-type crystallizers, continuous forced circulation and draft
tube baffle crystallizers may be used to avoid significant
mechanical attrition.[v],[vi] Post-isolation modification
technologies, e.g. wet or jet milling, may also be used to further

fine-tune particle properties.[vii]

Development challenge

Despite being the preferred method of crystallization and
isolation,1 individual unit operations do add significant time to
APl development. Common challenges faced using batch
crystallizers include the control of supersaturation within a given
solvent system, appropriate use of seed crystals,[viii]
determining the concentration of the API within mixed solvent
systems, retention of the desired polymorphic form, and the
formation of crystalline fines and their impact on crystal size
distribution (CSD) via secondary nucleation. A drive towards
increasing efficiency within pharmaceutical manufacture has
emerged in recent years by introducing continuous production
and automated processes to achieve consistent product quality
and a higher production rate.[ix],[x],[xi]Of these continuous
crystallization technologies, the most commonly used
continuous systems are mixed-suspension mixed-product
removal (MSMPR) crystallizers and tubular / plug flow
crystallizers (PFC), laminar-flow tubular crystallizers (LFTC),
coiled flow inverter (CFIl) crystallizers, segmented/slug flow
crystallizers, and oscillatory baffled crystallizers (COBC).[xii]
These continuous crystallizers may be coupled with automated
feedback loops to maintain supersaturation and provide a

consistent quality product. Such feedback loops are provided by

process analytical technologies (PAT), most commonly ATR-FTIR
or ATR-UV/vis probes to monitor solute concentration, focused
beam reflectance modules (FBRM) and on-line microscopy to
monitor precipitation rate and particle size or morphology, and
Raman probes, which provide polymorphic identification. When
coupled with model-based predictive controls using statistical
and mathematical modelling to plan, optimize and monitor the
crystallization process, product with the desired critical quality
attributes (CQAs) may be achieved incorporating both quality by
design (QbD) and quality by control (QbC) approaches.[xiii],[xiv],

[xv]

Control and efficiency

Despite being the oldest and most commonly used method to
isolate an API, the crystallization unit operation has matured
significantly since the 1990s. A general drive towards control in
recent years has also been coupled with efficiency, exemplified
by the approval of continuous manufacturing processes for the
APIs Orkambi and Darunavir in 2015 and 2016, respectively.
Based on the advantages of continuous crystallization, it is
entirely reasonable to query why batch crystallization dominates
the industry, therefore, the next decade will undoubtedly see a
shift towards continuous processing as companies and
manufacturing plants update their capabilities and follow the
strong support FDA has shown for continuous processing

technologies.[xvi],[xvii].

In conclusion

There is no doubt that control of impurities and physical forms of
new APIs are at the forefront of innovators’ minds. However, it
does require time and investment to get this right for a given API
and, in some cases, can be put to the side to ensure timelines
are met. This is a risky strategy. As projects are accelerated to
move through trials at lightning speeds, it is essential not to
forget about physical form control for both the drug product and
drug substance stages, as control is essential to ensure success.
Innovators do not want to have any surprises late into
development causing clinical delays. Have you got your solid

form under control? It is time to get your APl under control!
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