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ABSTRACT

The requirement for enhancing healthcare products is eternally increasing. In this regard, the requisite for
monitoring all the physical and chemical attributes during the manufacturing of the health care products with a
lesser timeistruly essential. A new tool, Process analytical technology (PAT) is used to monitor and control critical
process parameters in materials and in-process products to maintain the critical quality attributes and build quality
into the product. Process Analytical Technology checks the quality of the materials on-line, which saves a huge
amount of time and facilitates rapid testing through direct sampling without any destruction of sample. However, to
successfully adapt PAT tools into pharmaceutical and biopharmaceutical environment, thorough understanding of
the process is needed along with mathematical and statistical tools to analyze large multidimensional spectral data
generated by PAT tools. Chemometrics is a chemical discipline which incorporates both statistical and
mathematical methods to obtain and analyze relevant information from PAT spectral tools. In this article, Process
Analytical Technology is briefly introduced and commonly used PAT tools in combination with appropriate
chemometric methods along with their advantages and working principle are discussed.

Key words: Process Analytical Technology (PAT), Chemometriisarmaceutical, Tools.

INTRODUCTION

Process Analytical Technology (PAT) is a mechantsndesign, analyze and control manufacturing preees
through timely measurements of critical quality getformance attributes of raw and in-process riz$eand
processes with the goal of ensuring product qual®AT allows for and encourages continuous process
manufacturing improvement. It includes chemicalygital and microbiological mathematical and rislalgsis
conducted in an integrated manner.

It uses real time information to reduce procesdatian and manufacturing capability and demandsolid s
understanding of the various processes involvebdroperation.

The concept aims at understanding the processeatetiying their CPPs, and accordingly monitoringnthian a
timely manner (preferably in-line or on-line) amai$ being more efficient in testing while at theneaime reducing
over-processing, enhancing consistency and minngiggjects.

The primary goal of PAT is to provide processeschhgonsistently generate products of a predetednipglity.

Effective PAT implementation is founded on detailscdience-based understanding of the chemical auhamical
properties of all the elements of the product. tdeo to design a process that provides a consigtemtuct, the
chemical, physical and biopharmaceutical charasttesi of the drug and other components of the droguct must
be determined. The role of on-line advanced measeme systems is pivotal to realizing the benefitsPAT.

However, the transformation of process performdaaqeovide greater efficiency and cost effectivenés addition
to assured quality, requires much more than thécgtipn of measurement technologies.
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Processing to a quality based end point is a keygddAT quality assurance regime. This eliminatested cycle
time associated with processing using a fixed thased end point including subsequent reprocessgimg and
provides a stream lined work flow through the fiagil

Process Analytical Technology or PAT, is intended support innovation and efficiency in pharmaceaitic
development, manufacturing, and quality assuraii¢e frame work is founded on process understanting
facilitate innovation and risk-based regulatoryigiens by industry and the Agency.

The framework has two components: (1) a set ofnsie principles and tools supporting innovationda(2) a
strategy for regulatory implementation that wilcemmodate innovation.
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However, today significant opportunities exist fiomproving pharmaceutical development, manufactyriagd
quality assurance through innovation in product prmtess development, process analysis and procassl.

Therefore, pharmaceutical manufacturing will neeceinploy innovation, cutting edge scientific andjierering
knowledge, along with the best principles of qyalitanagement to respond to the challenges of nevodéries
(e.g., novel drugs and nanotechnology) and waglowfg business (e.g., individualized therapy, gea#y tailored
treatment).

Regulatory policies must also rise to the challerigis important to note that the telamalytical in PAT is viewed
broadly to include chemical, physical, microbioloai mathematical, and risk analysis conductedninéegrated
manner.

Process Analytical Technology tools:

There are many current and new tools available éhable scientific, risk-managed pharmaceuticakligment,
manufacture, and quality assurance. These toolsnwised within a system can provide effective affidient

means for acquiring information to facilitate preseunderstanding, develop risk-mitigation strategachieve
continuous improvement, and share information arahkedge.

In the PAT framework, these tools can be categdraze
» Multivariate data acquisition and analysis tools.
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» Modern process analyzers or process analytical istigntools.
» Process and endpoint monitoring and control tools.
« Continuous improvement and knowledge managemels.too

An appropriate combination of some, or all, of thésols may be applicable to a single-unit opematar to an
entire manufacturing process and its quality assigra

A desired goal of the PAT framework is to desigd @evelop processes that can consistently enspredefined
quality at the end of the manufacturing processhSurocedures would be consistent with the basiettef quality
by design and could reduce risks to quality andletgry concerns while improving efficiency.

Gains in quality, safety and/or efficiency will yadepending on the product and are likely to coraef

» Reducing production cycle times by using on-, amgl/or at-line measurements and controls.

» Preventing rejects, scrap, and re-processing.

» Considering the possibility of real time release.

» Increasing automation to improve operator safetyraduce human error.

» Facilitating continuous processing to improve édfitcy and manage variability.

» Using small-scale equipment (to eliminate certamesup issues) and dedicated manufacturing fiesilit
» Improving energy and material use and increasipgcigy.

Background:

Chemometrics may be regarded as the applicati@tatibtical and mathematical methods to researaliectyes in
chemistry using modern information and communicatiechnology. A typical application of chemometrisghe
multivariate data analysis of the analytical dabdamed in research project in the process analytbemistry or
environmental chemistry.

These methods are, for example, Principal CompoAaatysis (PCA) and Partial Least Squares Regrag$th.S
regression). The application of modern PAT techgplPAT, process analytical technology) to pharméical
manufacturing processes demands the use and krgemgdppropriate chemometric tools.

The goal of Process Analytical Technology is "tademstand and control the manufacturing processciwis
consistent with our current drug quality systeme@bmetrics and its methods are versatile and thexrdnigh level
of abstraction as it characterizes the scientifeciglines extensively by the application of thatistical and
mathematical methods, mainly the multivariate mésho

The statistical tools which are commonly implemdritePAT are provided below.
1. Partial Least Squares (PLS)

2. Principal Components Analysis (PCA)

3. Multivariate analysis.

Partial least square (PLS):

Partial least square is the most popular chemooi®inl used in process analytical technology.LS B the method
for constructing predictive models when the factanes many and highly collinear. For example, PL8asusually

appropriate for screening out factors that havegligible effect on the response. However, whemliption is the

goal and there is no practical need to limit thenhar of measured factors, PLS can be a useful Ri@. has been
applied to monitoring and controlling industriabpesses; a large process can easily have hundredstoollable

variables and dozens of out-puts.

The advantages of PLS regression is:

a) Deals with multicolinearity.

b) Allows taking into account the data structure.

c) Provides visual results that help the interpretatio

d) Can model several response variables at the sameddking into account their structure.

Principle component analysis (PCA):

PCA is a simple, nonparametric method for extractielevant information from datasets, identifyingttprns in
data, and expressing the data in such a way tdidiigttheir similarities and differences. PCA ispéipd for the
reduction of dimensionality and multivariate datanpression exploration within different fields afience. It is
one of the widely used multivariate methods becafiss wide applicability in the multivariate prigms.
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Importance of PCA is manifested by its use in soyrdifferent fields of science and life. Duringetmonitoring of
a process, PCA can be used to find a correlatinrctstre of variables and to examine the changegitable
correlations and hence is used for reducing thebeurof variables in a process. In PCA, data issfiaamed to
describe the same amount of variability.

The advantages of PCA are:

A primary benefit of PCA arises from quantifyingetimportance of each dimension for describing dugawbility of
a data set. PCA can also be used to compress tdebgareducing the number of dimensions, withoutimloss of
information.

When using principal component analysis to analydata set, it is usually possible to explain gdarercentage of
the total variance with only a few components. &pal components are selected so that each sueceesse
explains a maximum of the remaining variance, ttst €omponent is selected to explain the maximuap@rtion
of the total variance, the second to explain theimam of the remaining variance, etc. Therefore, phincipal
component solution is a particularly appropriatd fer the existence of a strong market factor.

PCA is completely nonparametric: any data set @plipgged in and an answer comes out, requiringamameters
to tweak and no regard for how the data was recbrgi®m one perspective, the fact that PCA is naraimetric (or
plug-and-play) can be considered a positive fediemmause the answer is unique and independeng ofStr.

PCA is a special case of Factor Analysis that ghlyi useful in the analysis of many time series #r&search for
patterns of movement common to several series. &poach is superior to many of the bivariateistteal
techniques used earlier, in that it explores therielationships among a set of variables causeadmmon
"factors," mostly economic in nature. PCA is a wadydentifying patterns in data, and expressingdata in such a
way as to highlight their similarities and diffeces.

Multivariate analysis(MVA):
Multivariate analysis (MVA) is based on the statist principle of multivariate statistics, which vilves
observation and analysis of more than one statlstistcome variable at a time.

Multivariate techniques are used to study dataisetsonsumer and market research, quality contrdl auality
assurance, process optimization and process caatiblresearch and development. Multivariate teclasgcan
statistically estimate relationships between défervariables and correlate how important eachisne the final
outcome and where dependencies exist between them.

There are several different multivariate techniguweshoose from based on assumptions about theenaftithe data
and the type of association under analysis. Eaalimtque tests the theoretical models of a reseguelstion about
associations against the observed data. The tlhearebodels are based on facts plus new hypothabest

plausible associations between variables.

Uses for multivariate analysis include:

» Design for capability (also known as capability-dslesign).

* Inverse design, where any variable can be treateh &dhdependent variable.

» Analysis of Alternatives (AoA), the selection ofrmepts to fulfill a customer need.
» Analysis of concepts with respect to changing sgesa

 Identification of critical design drivers and cdatons across hierarchical levels.

Multivariate techniques allow researchers to lobkedationships between variables in an overarchvag and to
quantify the relationship between variables. Theyn control association between variables by usirassc
tabulation, partial correlation and multiple regiiess and introduce other variables to determiedittks between
the independent and dependent variables or tofgphei conditions under which the association tgdase.

This gives a much richer and realistic picture th@oking at a single variable and provides a pouletést of
significance compared to univariate techniques.

The disadvantages of Multivariate techniques are;

Multivariate techniques are complex and involvehhigvel mathematics that requires a statisticagram to
analyze the data. These statistical programs amergly expensive. The results of multivariate gsial are not
always easy to interpret and tend to be basedsamgstions that may be difficult to assess.
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For, multivariate techniques to give meaningfululessthey need a large sample of data; otherwiserasults are
meaningless due to high standard errors. Standestsaletermine how confident you can be in theltesand you
can be more confident in the results from a lam®e than a small one. Running statistical progrésrfairly

straightforward but does require a statisticiamtke sense of the output.

CONCLUSION

Various chemometric models have been applied ferahalysis of data of a particular manufacturingcpss,

quality control test, or an instrumental outputadatith an aim to achieve maximum accuracy, precjsend

robustness. The chemometric methods are expectgutotade a rapid quantitative analysis of pharmécal

properties of intermediate and finished dosage $oa® characterized by the simple, nondestructind, raghly

sensitive nature of the method. Pharmaceuticalsin@l viability of chemometric techniques coulchgea from

setting quality control specifications for raw méé powders, and dosage forms to control of wuaio
manufacturing processes and steps. The implen@miait chemometric techniques with a view of ensgioverall

production process control entails the use of ditalytechniques capable of providing accurateltesn a simple

and rapid manner.
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