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Process Analytical Technology?

A In addition to the ICH trio, FDA has issued Guidance on
Process Analytical technology, or PAT, which is mainly
concerned with the design and control of manufacturing
processes to assure product quality

A Process Analytical Technology

- As amechanism or system to design, analyze and control
manufacturing through measurement of critical quality and
performance attributes of raw and in-process materials and
processes, with the goal of ensuring final product quality
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FDA Definition of PAT

A Itis important to note that the term analytical in PAT is viewed
broadly to include chemical, physical, microbiological,
mathematical, and risk analysis

A The goal of PAT is to enhance understanding and control the
manufacturing process, which is consistent with our current drug
qguality system: quality cannot be tested into products; it should
be built-in or should be by design.

A The tools and principles described in this guidance should be
used for gaining process understanding and can also be used to
meet the regulatory requirements for validating and controlling

the manufacturing process.
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A Process Analytical Technology:

I Analytical technology used for in-line, on-line or at-line for
process measurement, monitoring and control

A Pfizer used this terminology from as early as
1998

A Terminology widely used in industry following
FDA Guidance (2001)




Why PAT?

A A key enabler for transformational strategies
and new quality paradigms

\/ Delivering process
understanding

\/ Enabling cost reduction

\V/ Enabling continuous processing

\/ Helping to reduce process variability and
enable RFT

V Supporting six sigma
N projects

V Improving process control

\/ Supporting process validation

V Improving process safety

Helping to reduce process lead time and

lprove agility
Enabling Continuous
Quiality Verification and
al Time Release

V' Supporting QbD

6onbLue uem'

OBPA30BAHVE




Existing manufacturing processes

PAT requirements identified and
prioritised by cross functional process
experts/ process teams based on
experience, process capability, process

PAT is not a standalone activity in Pfizer

VIt is integrated into quality and
manufacturing strategies
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How PAT Projects are
ntified and Prioritized ?

New manufacturing processes

understanding requirements, safety and
guality drivers

Comprehensive risk assessment to identify
PAT measurement needs

5. Risk
Assessment:
Prioritize
Experiments

-

4. ID experiments
needed to
understand
CQA =f(CPP)




PAT Applications in Pfizer




pported PAT Applications

A Pfizer has developed an extensive approach to
ensure the appropriateness, reliability, and cost
effectiveness of all PAT instruments going into our
plants: Technology Development Cycle

I Vendor selection process

I Technology Proof of Concept

A System qualification/validation documentation
A Vendor audit

A Operational procedures
A Training documentation

I Plant proof of Concept g{t

I 15t Site installation ‘
i Routine deployment T

6onblue yem'

OBPA30BAHVE




APl Applications of PAT
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roduct Applications of PAT
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Globally Supported Applications
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PAT - NIR Spectroscopy

A AProcess analyzerso could be i mpl eme
are based on Near Infrared Spectroscopy (NIRS) technologies have gained
popularity in the industry because of their non-destructive nature, fast
acquisition times and high informational content

A NIR spectrometers can be used as bench top analytical equipments or can
be coupled with process equipments and be used as real time process
analyzers
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- Spectroscopy: a definition

A The study of how a material (or sample) absorbs
light

# Light is only absorbed when its
energy is equal to a quantum level
splitting in an atom or molecule

# Intensity of light absorbance as a
function of wavelength provides a
wealth of characterization
Information about the sample
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ectroscopic Measurement

Beer's law

Transmittance= (1+/1,) x 100%

Sample

Absorbance = -log(lg o, 71,)
Reflectance (1/l,) X 100% =€%c 7|

\

Extinction Coefficient: varies Path Length

uniquely with wavelength for
a given material & allows  ~,,centration:
characteristic identification Zp<orpance is

of a material guantitative with amount
of material present
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Electromagnetic Spectrum
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Advantages
i No dilution of samples
I No sample preparation

A Eliminates sample
preparation errors, analyst
labor and sample destruction

I Excellent for on-line, in-line

applications, wireless technology
available

vantages and Disadvantages

Disadvantage

I Not recommended for studying
wetted samples unless
interested in monitoring
moisture (water bands are too
strong)

Because NIR bands are broad and convoluted, multivariate data analysis

te
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niques are usually needed to develop robust calibration models.
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-maceutical Applications

ARaw Material Chem-ID
A Content Uniformity
ABlend Uniformity
ASolid State Studies
AParticle Size
AMoisture Analysis
AReaction Monitoring
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NIR for Chemical ID

A Even though to the simple eye the ...

majority of excipients and APIs I
could look as white powders their .. o
NIR spectra is distinctive. SodiumSacchari

0.3
= 0.25
=T

0.2

A This allows identifying samples at o=
the wherehouse and/or lab in .
seconds and without the need of 5 S~ MigSt

sample handling and preparation

Lactos
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A Simple wavelength correlations or x Unique patterns obtained for

more sophisticated pattern many pharmaceutical active and
recognition algorithms can be excipient molecules

employed to automatically identify

the material
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Materials Characterization

NIR for raw material conformance testing to
assess RM impact on processes
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entification and conformance

Laboratory system PhazIR

Ahura
TruScan

Handheld devices
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Absorbance Units
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PAT for RM Evaluation

NIR spectroscopy utilised to

A Show overall consistency of
alternative material suppliers

A Assess [ predict risk to the
process

Voice of

18 R2X[2] = 0,0140354
972 (0,95)
LT HCTIvI
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Process

Results:
No significant difference, all
cellulose samples are all
within Voice of Process




Absorbance

roscopy for Particle Size

ANIR is the first stage in any investigation to evaluate the bulk physical properties.

Before Milling

ACombined with light microscopy.

i Qualifies any raw absorbance offset.
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tent Uniformity Analysis

A NIR has been extensively used as a technique to perform fast and non-
destructive tablet content uniformity analysis

A Content Uniformity Definition i A measure of the inter-tablet API load
variability within a batch

5000 5500 6000 6500 7000 7500 8000

Wavenumber [cm]

The clear active ingredient signal in tablet (boxed bands) suggest NIR as a
promising tool for non-destructive content uniformity analysis for this

formulation
ANIR follows Beer-Lambert law of absorption
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Frame Potency Determination

NIR has been extensively employed as a technique to perform fast and non-
destructive tablet and blend potency analysis

Potency Definition T A measure of the API load per sample weight

For this Norvasc blend formulation it was possible to monitor changes
in nominal potency in real time as blends with different potencies
flowed in front of the sensor. This analysis was done right at the feed
frame of a tabletting machine.

Obsenved vs. Prediticted Line Plot, e-PAT 611
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sture Monitoring during Fluid
Bed Granulation

Timely Measurements
—7 _ Fluid

NIR Dafg Data 11206 | [
~ Moisture, '_

Hot Air Sapphire

Window
Calibrati

NIR is an great analytical tool to monitor moisture

content since water bands are very prominent in this
region
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(Focus beam reflectance
microscope)

Azithromycin 5 FBRM Data- Batch Comparison &
Correlation with offline Malvern analysis
Bt __ e =
<45um [ =355um
06621034 |5.4% 21.7%
06621035 |45.1% [1.7%

06621036 |6.8% 15.7%

06621037 |5.9% 18.3%

Batch 035 was atypical with a high
proportion of fine material
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Istribution during granulation

Start of high shear
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