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ABSTRACT

Purpose: QbD ioc « helpful tool in building quality producto ond to underotand critical proceco parametero
which affecto the monufacturing of drug producta It helpo to build control ctrategy which helpo to maintain
quality throughoutitolife cycle.

Approaches: The mojor approoach in QbD iothrough DOE which includeseither acreening or optimization
done by variouo Seaigno like plackett-Burmonn, Box-Behnken Secign, Fractionad Factoriodd Sedign, Centrol
Compodaite Secign, Mixture Seaign etc.

Findings: QbD approach helpoin formulating and mainteining quality in the rug product. It helpoto identify
the critical quality attributec and proceco parametero which are likely to affect the quality of the drug product
through acreening Seaign.

Conclusions: Adopting QbD conceptointo manufacturing of the rug product hasitcadventage of reducing

development and marketing cocta It odoo helpoin meeting regulatory requirementa
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INTRODUCTION
QbD (Quolity by Dedign) io the modern approoch
for building quolity in the drug product and not juct
teated into the product. According to ICH Q8(R1)
guideline, “QbD io a oyotemic riock baced prooctive
opproach to pharmaceutical Sevelopment that
begino with predefined objectivec ond emphacizeo
product & procecs underctanding ond proceco
control baced on cound ccience and quolity riok
monogement”.’

QbD ic concerned with predicting the quality
through linking the criticol materiol attributeo
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(CMA) ond critical procecs parametero (CPP) of the
drug product.” QbD uces multivariate experimento
to underotond product and processond ectablichec o
Sedign opace uding Secign of experiments (DOE).”
DOE ic on orgoniced method to Setermine the
relationchip between the inputc and outputc of «
proceca In pharmaceutical development, CMA &
CPP include the factoro or input variables, while
CQAGg (Criticad Quolity Attributeo) include colubility
and Sicoolution.

Ao each unit operation involved in manufacturing
hoo mony input variobles ond CQAg, it io
experimentolly impoauible to inveatigate oll of them
due to lack of time ond high rick. The recearcherc
muot uce the prior knowledge and experience along
with the rick monagement to identify critical input
ond output variobleg, however the proceco
parametercare inveotigated by uding DOE.” All likely
combinationoof raw moteriod attributecand procecs
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porametero that need to be realiced by the procesoto
encure that the CQAootoy within the required rangeo
(control apace) can be called aothe Seaign apace (DS)
of the proceaa’

After the dedign of experimento are executed, the
recultoare onolyoed ond otudied to identify the comce
ond effect relationchip between the input parameterc
and recponcea Finally ocaling up the experimento to
intermediate or large ocale manufacturing followed
by continuouc improvement along with life-cycle
monogement are Sone.”

ADVANTAGES OF QbD AND DOE

»  The obility to improve proceoo leado to better
innovation.

»  Lecobatch fuilures Sue to oyotematic approoach
and efficient technology tranofer.’

»  QbD helpo to Setermine the quolity of the
product by aooeading the level of rick aooociated
with manufacturing of the drug product.

» Allowo to implement new technology ond
approachecto improve monufocturing without
regulatory ccrutiny.'

» It helpo in reducing the overadl cooto of
monufacturing and increace revenues due to
reSuced rework and fuoter entry to market.’

> DOE helpo in the ocreening of importont
factorc and optimization of quolity and
performance of aproduct.

» Itincreaces robuctneso of the teots of product
oand proceaa

DOE

DOE icon efficient and o otructured procedure for
planning experimento co that the datx obtained can
be analyoes to yield valid and objective concluciona’

Commonly Used Types of Design of

Experiment

1. Screening Design : Screening dedigno are
effective woy to i8entify the dignificont effecta
The term ocreening Jdeocign referc to
experimentol plan that icintended to find a few
aignificant factoro from « liot of mony potentiad
oneaThio type of Sedign not only provideo
limited omount of information obout the
individual variobles in o given oyctem but odoo
requirec feweot number of runc for a given
varioble.”

2. Response Surface Design (RSD) : Once «
acreening experiment hoo been performed and
the aignificant factoro are Setermined, the next
otep io often to perform RSD in order to
produce o prediction model, to Setermine
curvoture, detect interactionoamong the factoro
oand to optimize the procesa The model that ic
frequently uced to ectimate the regponae ourface
iothe quadratic model given with aceq.”

P P
y=Bn+; B- BX+ 2, B2 By X+ 21 B, X

p
i=1 =
I

i

Where,

B.= the overodl mean recponce

B;=the main effect for each factor (1=1,2,3....p)
B,=the two woy interaction between ith and jth
factoro

B,=the quadratic effect for the ith factor”

3. Fractional Factorial Design : Thic 8ecign
requirecmany runcin order to recolve thicuce only «
froction of the runoopecified by the factoriod deaign.
In generod a fraction ouch wc'/2, % etc..,of the runcare
called for by the full factorial. ThioSedign con be uced
when experiments are cootly ond when the full
factoriod hasnumber of Secign pointa’

4. Placket-Burmann Design : Plackett-
Burmonn Secign ic a two level fraction factoriod
Secign commonly uced for ocreening. In thece
dedignothe number of runcare in multiplesof 4. The
diowdvontoge of thic Sedgn io that it doeo not
conaider the interactionc that occur between
independent variableg hence ito uce in optimization
iclimites.”

5. Box-Behnken Design : Thic 8edign ic an
independent quadratic equotion decign which doeo
not have o fractional foctoriod Secign. It requireconly
three levelo for each of the three foctoro(+1, 0 and -
1). It employc 15 experimental runcwith 3 factoro ot
3 levelo and io economical than central compoaite
Seaign(CCD) due to lecono. of trioda

6. Mixture Design : Thece Sedignore uced when
the quality choracteriotico of the finiched product
depend on proportiono of cubctances ond not on
their quontitiesin the product
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7. Central Composite Design : Thic Sedignic
moot commonly uced for non-lineor recponcec
which require cecond order model. Itioquite popular
Sedign in recponce ourface optimization dSuring
product evelopment in pharmaceutica

STEPS INVOLVED IN QbD AND DOE

Prior to the development of DOE, QTPP and CQA
muot be identified by rick aooecoment. Badic otepoin
QbD icaoin Fig, 2.

Quality Target Product Profile (QTTP) :
According to FDA QTPP icdefined aothooe quality
attributeo which are related to oufety and efficacy of
the 8rug product. Eg,aterility, purity, otobility etc., itic
important oo it Sefineo the product performonce.
Eg.Diooolution, Solubility etc.

Critical Quality Attributes (CQA) : After
QTPP ic aovigned, the next otep ic to identify
CQAwhich may be phydical, chemical, biological or
microbiological characteriotic  which chould  be
precent within certodn limit to encure that the Seaired
responce or product quality ioc met. Eg.particle aize,
drug-excipient ratio etc.

Quality Risk Management (QRM) : According
to FDA, QRM ic defined oo o oyotemic proceco to
aooeco and control the rick to quality of the drug
product throughoutitolife cycle.7(Fig. 1)
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Fig. 1: Stews involved in risk management’

Defining QTPP

Identifying CQAs
Risk assessment is merformed

DOE develomment far method owtimization

Control straegy is wlanned

Continuous im7rovement and life cycle
management

Fig. 2: stews in QbD®"

Basic steps in DOE

Define mroblems and select variables
Screening the factor and their label
Design & formulate according to model used
Run the model

Analyse the result
Select the check[roint formulation

Validate and owtimise the model

Scale-ut

DOE approach has the following basic

steps:

1. Defining the input and output variable
and range:
The varioblecand their range con be Sefined by
prior knowledge and rick aooecoment. Suitable
acreening decign io uced to identify ronge of
varioblea The variablesmuct be CQA or clocely
related toit.”

2. Selection of appropriate experimental
design and performing the run:
Baoed on the purpoce of the otudy
(eg.ocreening, optimization, etc.), factoro and
interaction involved in the experimental Seaign
con be celected. Available recourceo like time,
coot, lobour ond materidlc muoct oloo be
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conaidered in celecting the experimental
dedign. After celecting the cuitable Seaign, the
model io run by performing the required
experimentoaccording to the model celected.

3. Analysing the results by illustrating the
design space based on the type of the
study:

Dedign opace can be tabulated or graphicadly
reprecented by any one of the following
methoda

a) Contour plots:

It ic a« graphicd reprecentation of the
relationchip between 3 numerical variobles in
two dimenadion. Two variableo ore reprecented
in X &Y axecand third one icfor contour level.
Better contouring quolity and performance con
be obtained by changing the recolution of
rectangular grid. It con ooo interactively
identify, label, colour and move contour level.
It ic uceful for Setermining or Sioploying
acceptoble rangecfor procesoporometera

b) Three dimensional plots:

Theoe ploto are opted for the amultaneous
otudy of the effect of 2 input variobles on an
output variable.

¢) Overtlay plota:

It io mootly uced when more than one quality
characterictic io precent in the Sedign opoce.
The overlay plot indicateo the combination of
oll the factoro chowing the poacaible reculto
within the acceptoble rangea’

4. Validating and optimizing the model:
After analycing the reoults, o beot fit
combination of foctorc ic celected ond
optimized. The combination ic validated
through ocading up of the formulation."

After following these above four steps
control strategy is planned:

According to ICH Q10, « control otrategy io a
planned cet of control Serived from current
product ond proceco underotanding that
aoourec procecs performance and product
quality. It encuresthat the processiomaintained
within the limitodetivesfrom the Seaign opace.

A control strategy includes the following:
»  Control of input variablesbaced on the impoct
they have on procesoand product quality.

»  Control of procedure followed ond fucilitico
avadlable.

»  Control of operations which can be pocaibly
impact the procesoing of the product or ito
quality.”

Continuous improvement and life-cycle
management:

After the method ic optimized and volidated, it con
be volidated for routine procesuing and the method
procecoing con be monitored. It ic done by udng
trocking oyotem cuitability Sota, method related

inveotigation and oo forth.

Life-cycle management ica controlled otrategy uced
for implementation of Sedign opace in commercio
otoge. It includeo the uce of rick acoecoment toolo at
the right time and otoge, which helpo to prevent
method foilure and better underctanding on the
Seaign apace and control otrategy.

APPLICATIONS OF QbD

1. QbD in Dissolution Testing : Ao dicoolution
io the moot importont quolity control attribute
for any phormoceutical product, QbD ichelpful
in optimizing the drug compocdition in order to
achieve the opecified dicoolution profile.

2. QbD in Bioequivalence Testing : QbD ic
uced in optimizing the genericoto obtain Sedired
phoarmacokinetic profile that matcheo with the
reference lioted Srug'c (RLD)phormacokinetic
parameters like C . T, ., AUC etc. which are
conaidered acCQAa

3. QbD in Stability Testing : It givec o better
knowledge of the product ctability and chelf life.
Specificationo relating to concentration of
degradanto and efficacy of finiched product can
be prepares.”

4. QbD in Formulation Develop-ment : It con
be ucd for Seveloping o quality product and
manufacturing procecs with conaistent
performance.

5. QbD in CMC(Chemistry Manufacturing
and Control) Review Offices : It helpo in

acience baoed aooecoment in the “Office ofNew
Drug Quality Accecoment”(ONDQA). To
evoduate the quality of product, to determine the
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level of rick aooociated with monufacture ond
Secign of the product in “Office of Generic
Drugs’ (OGD).'

6. QbD in Process Optimization : It can be
uced for proceco optimization and eotobliching
proceco knowledge by implementing PAT
(Process Andyticad Technology) monitoring
toolo olong with multivariate Satx onadyoic

(MVDA).’

7. QbD in Analytical Method Development :
Analyticdl methodo uced for the onolycic of
active pharmaceuticol ingredient (API) ond drug
producta for an integrod part of quolity by Seaign
concept oo outlined in ICHQS8 guidelinea In
order to Sevelop robuet, otobility indicating
onolyticl methodag o oolid cet of Sedgn
requiremento muct be ectabliched in order to
meet the required opecification of the method.’

CONCLUSION

QbD ican innovative and robuet technology which
io very helpful to various inductriec including
pharmaceuticoda It buildo quality into the drug with
lecs expenditure and with ito predictory profile,
formulation Sevelopment hao become eadier and
better. It helpato clear regulatory requirementowith
leoorick and time. Finodly it ceveroaoon excellent tool
in formulating ond maintaining the quodity in drug
producto and in optimization of various unit
operationowith ite PAT toola

GLOSSARY

QbD =“QbD ic « oyotemic rick baced prooctive
opproach to pharmaceuticdd Sevelopment that
begino with predefined objectivec and emphaadizeo
product & procecs underotanding ond proceco
control baced on cound ocience ond quality rick
monogement”.

DOE =DOE ic an organiced method to Setermine
the relationchip between the inputoond outputcof a
proceca

Proceoos optimization =Proceco optimization ic the
diecipline of adjucting o procecs 6o «o to optimize
oome opecified oet of parametero without violating
come conotroint.

QTPP = Iticdefined oo the quality attributes which
are related to oxfety ond efficacy of drug product.

CQA = It io phydcol,chemical, biological or
microbiological characterictico which chould be
precent within certain limit to encure that the Seaired
responce or product quality iomet.
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