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Abstract

Quality by design is an emerging concept which e pharmaceutical manufacturer with
increased self-regulated flexibility while mainteig tight quality standards and real time
release of the producthe concept of QBD was mentioned in the ICH Q8angd @), which
states that “quality cannot be tested into products., quality should be built in by design”.
This paper discusses the pharmaceutical qualitgésign and describes how it can be used to
study the effect of process parameters on qudiitipates of tablet.

Key Words:-quality by designreal time releasgyrocess parameters, quality attributes, ICH Q8.

INTRODUCTION

Over the past three years, the US Food and Drugidisimation has introduced the concept of
Quality by Design (QbD), intended for improving ¢jtya assurance and control in
pharmaceutical manufacturing. ICH Q8 (3) definealify as “The suitability of either a drug
substance or drug product for its intended uses Tdrim includes such attributes as the identity,
strength, and purity.” ICH Q6A (11) emphasizes tlide of specifications stating that
“Specifications are critical quality standards thed proposed and justified by the manufacturer
and approved by regulatory authorities.” Woodcd@kdefined a high quality drug product as a
product free of contamination and reproduciblyiiing the therapeutisenefit promised in the
label to the consumer. This definition of produatlify focuses on the performance of the drug
product while the ICH definition focuses on spexfions. To achieve a high quality product of
predefined specification, QbD is a current termagyi used in pharmaceutical industry.
Pharmaceutical QbD is a systematic, scientifisk-hased, holistic and proactive approach to
pharmaceutical development that begins with preéefiobjectives and emphases product and
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processes understanding and process control. fii¢dins designing and developing formulations
and manufacturing processes to ensure predefinedugtr quality objectives. QbD identifies
characteristics that are critical to quality frome fperspective of patients, translates them irgo th
attributes that the drug product should possesd, establishes how the critical process
parameters can be varied to consistently prodwtre@ product with the desired characteristics.
In order to do this the relationships between fdation and manufacturing process variables
(including drug substance and excipient attributesl process parameters) and product
characteristics are established and sources adhibity identified. This knowledge is then used
to implement a flexible and robust manufacturinggasss that can adapt and produce a consistent
product over time. Figurel shows the QbD approdi¢heotableting process.

Y Water content NIR

dentity — NIR Extent of wet Air Particle size FBRM
massing — Power [
materials consumption fir
- h .
lend homogenelty
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| . _1 T
Multivariate model . e
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‘ HEREEER —» Packaging = Attributes
| Em Controls

Fig.1: An example of QbD process

USFDA perspective on quality by design

The adoption of quality by design (QbD) in the phaceutical industry is an evolving process.
To facilitate the implementation of QbD, the US Band Drug Administration launched a pilot
program in 2005 to allow participating firms an oppinity to submit chemistry, manufacturing,
and controls (CMC) information demonstrating apgiien of QbD. [2]

FDA launched the CMC pilot in July 2005 to evalu#ite utility of comprehensive Quality
Overall Summary as part of a new drug applicatidBA) and to implement new concepts such
as QbD, design space, and real-time release cedtam the International Conference on
Harmonization's guidance’s, Q8 Pharmaceutical Dpraknt andianagement and the FDA
process analytical technology (PAT) guidance PAFrAmework for Innovative Pharmaceutical
Development, Manufacturing and Quality Assurande pilot has allowed FDA and industry to
work together to explore various ways to implemé&i Q8, ICH Q9, ICH Q10 and FDA PAT
guidance. All these guidelines help the industtteachieve the desired state of product quality.
Following figure (2) shows the ICH quality road mapachieve desired state of quality.
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Fig. 2: ICH quality road map to achieve desired gality of product

It is expected that companies who adopt QbD, tagetlith a quality system as described in the
draft International Conference on HarmonizationH)@210 document, “Pharmaceutical Quality
Systems,” will achieve this “desired state” of phaceutical manufacturing. FDA outlines the
following key elements of quality by design:

- Target the product profile

- Determine critical quality attributes (CQAS)

- Link raw material attributes and process parametersCQAs and perform risk
assessment

- Develop a design space

- Design and implement a control strategy

« Manage product life cycle, including continual immpement.

The bottom line benefits of QBD and process underahding

When fully implemented QBD means that all the caltisources of process variability have been
identified, measured and understood so that theybeacontrolled by the manufacturing process
itself. The resulting business benefits are sigairit:

Reduced batch failure rates, reduced final protksting and lower batch release costs
Lower operating costs from fewer failures and dewminvestigations

Increased predictability of manufacturing outpud aality

Reduced raw material, WIP and finished product mey costs

Faster tech transfer between development and metauifeg

Faster regulatory approval of new product applacegtiand process changes

Fewer and shorter regulatory inspections of manufexg sites

Real tome release of the product

ONoOrWNE

These benefits translate into significant reductiam working capital requirements, resource
costs and time to value. The bottom line gainsturm, pave the way for additional top line
growth. [3]

Pharmaceutical quality by testing vs pharmaceuticatjuality by design
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Pharmaceutical quality by testing is a current apph in the pharmaceutical system, product
quality is ensured by raw material testing, drugssance manufacturing, a fixed drug product
manufacturing process, in-process material testing, end product testing. The quality of raw
materials including drug substance and excipiestsnonitored by testing. If they meet the
manufacturer’s proposed and FDA approved spedificator other standards such as USP for
drug substance or excipients, they can be usetthéomanufacturing of the products. Because of
uncertainty as to whether the drug substance sp&tiin alone is sufficient to ensure quality,
the drug substance manufacturing process is atgulyti controlled. A change to the drug
substance manufacturing process may require thgehaduct manufacturer to file supplements
with the FDA. Finished drug products are testeddiaality by assessing whether they meet the
manufacturer’s proposed and FDA approved spedificat If not, they are discarded. Root
causes for failure are usually not well understoldte manufacturers risk ongoing losses of the
product until the root causes of failure are uned and addressed or FDA approves
supplements to revise (e.g., widen) the acceptantsgia to pass the previously failed batches.
Typical specifications for an immediate releasel sid dosage form, for example, include
assay, uniformity, impurities, moisture, and dissioh. Under the current paradigm, the
specification is tight because it is used to assorsistency of manufacturing processes. The
stringent specification has resulted in recalls dndy shortages. Following figure (3) shows the
tablet compression quality control diagram using Qb

Drug Substance

m{Lllﬂ“‘ 5p N
N
/lel \ AHEH}' LY

,-’ Operations { Uniformity
i - = i
Mixing | I Pioesis [ Impurity | Product ./': u\".
I Compression  — Specs — Metal ™ Specs \% - ',,r
| Coaling. . . | | Res Solvents |
\ with Fixed | \ Moisture  /
Diss IT fails,

Process / Il fails,
Erisiisis Parameters materials \H_ product
=¥ LA 5 == :
LE discarded Acceptance discarded

DTS T criteria based on
one or more batch data.
Testing must be made 1o

release batches

Fig. 3: A simplified quality control diagram using QbT

But pharmaceutical QbD is a systematic, scientifsk-based, holistic and proactive approach to
pharmaceutical development that begins with preédfiobjectives and emphases product and
processes understanding and process control. Qbf@sathe real time release of the product
because it has no scope of product failure witpeessto qualityUnder the QbD, batches may
not be actually tested against the specificatiorthas process understanding and/or process
control provides sufficient evidences that the bascwill meet the specification if tested, which
allows the real time release of the batches. Fyrthe specification under the QbD is solely
used for the confirmation of product quality, ncamafacturing consistency and process control.
Figure (4) shows the tablet compression qualitytrobidiagram using QbD.
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Fig. 4: A simplified quality control diagram using QbD

Under the QbD paradigm, pharmaceutical qualitygeneric drugs is assured by understanding
and controlling formulation and manufacturing vhtes. End product testing confirms the

guality of the product and is not part of the maatiiring consistency or process control. Under
QbT a product specification is often set by obsegvilata from a small number of batches
believed to be acceptable and then setting acospteniteria that required future batches to be
the same.

Under QbD consistency comes from the design antta@aof the manufacturing process and the
specification of drug product under QbD should beically relevant and generally determined
by product performance. The specifications for asmad dissolution often evaluate the most
important characteristics drug tablets must haventure their effectiveness. It is interesting to
note that the assay limit is currently determined imanner that is closer to the QbD approach
than to the QbT approach. The assay limit is ndgnsdt to be 90-110% with the exception a
few selected drugs where there are clinical reafmmsarrower acceptance limits, for example,
95-105%. Assay limits are not routinely set by gsbatch data. A sponsor that routinely
produced drug product with an assay of 98— 100%dvsiill expect an assay limit of 90-110%.
However current dissolution acceptance limits bldts are selected based on data from a small
number of batches in the context of their abiliydistinguish batches with limited regard to
clinical relevance. Under the QbD, the dissolutiests should be developed to reflect in vivo
performance as much as possible. For example ctteptance criteria for BCS Class | and 11l IR
tablets may be much wider than that from batch Hatause, for these BCS classes, dissolution
is highly unlikely to be the rate limiting stepvivo. Similarly, dissolution tests for BCS Class |l
and IV drugs may need to be carefully examined etieb reflect in vivo dissolution. The
specification for impurities assesses another itmbicharacteristic a drug product must have to
ensure its safety.

Under the QbD, the acceptance criterion of an imypushould be set based on its
gualification/biological safety level instead okthctual batch data. The biological safety level is
generally determined by safety and/or clinical sadalthough it may be also determined by
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toxicity studies (18). Therefore, tleeceptance criteria for impurities are usuallysthéound in
clinical study materials or reference listed drudgs generic drugs. Table (1) shows the
comparison of current QbT approach and pharma@@ieD approach.

Tablel. Comparison of QbT and QbD approach

S. No.| QbT approach QbD approach
1. Quality assured by testing and inspectigrQuality built into product & process by
design, based on scientific understanding
2. Data intensive submission — disjointed | Knowledge rich submission — showing
information without “big picture” product knowledge & process
understanding
3. Specifications based on batch history | Specifications based on product
performance requirements
4. “Frozen process,” discouraging changes Flexible process within design space,
allowing continuous improvement
5. Focus on reproducibility — often avoiding Focus on robustness — understanding and
or ignoring variation controlling variation

Concept of quality by design

The concept of quality by design is outlined in I@Q8 (pharmaceutical development) that
mention the definition of QBD that “QBD & systematic approach to development that begins
with predefined objectives and emphasizes prodact process understanding and process
control, based on sound science and quality riskagament”. [4]

The revision of ICH Q8, or ICH Q8 (R1), is an anteXCH Q8. It provides further clarification
of key concepts outlined in the core guideline awdcribes the principles of QBD. QBD
involves the following key elements (fig 5):

1. Quality Target Product Profile (QTPP)

2. Determine critical quality attributes (CQAS)

3. Link raw material attributes and process parametersCQAs and perform risk

assessment

4. Develop a design space

5. Design and implement a control strategy

6. Manage product life cycle, including continual immpement.
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Fig. 5: A diagram showing elements of QbD

1. Quality Target Product Profile (QTPP)
QTPP is a prospective summary of the quality charestics of a drug product that ideally will
be achieved to ensure the desired quality, takimg account safety and efficacy of the drug
product. More recently an expanded use of the TPP in dpwedmt planning, clinical and
commercial decision making, regulatory agency attgons, and risk management has started to
evolve. The TPP can play a central role in thererdrug discovery and development process
such as:

1. Effective optimization of a drug candidate

2. Decision-making within an organization

3. Design of clinical research strategies, and

4. Constructive communication with regulatory authest

The TPQP guides formulation scientists to estabfisimulation strategies and keep the
formulation effort focused and efficient. For exdeym typical QTPP of an immediate release
solid oral dosage form would include:

— Tablet Characteristics

— Identity

— Assay and Uniformity

— Purity/Impurity

— Stability, and

— Dissolution

2. Determine Critical Quality Attributes (CQA):

CQA arephysical, chemical, biological, or microbiologicpfoperties or characteristics that

should be within an appropriate limit, range, agtadbution to ensure the desired product quality.
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CQAs are generally associated with the drug substaexcipient, intermediates (in-process
materials), and drug product. CQAs of solid orakatpe forms are typically those aspects
affecting product purity, strength, drug release] atability.For example, an immediate release
solid oral dosage form would include the followi@@As described in table2.

Table 2: Typical Unit Operations, Process Parametex; and Quality Attributes for Tableting

Unit operation Process parameter Quality attributes

Mixing Type and geometry of mixer Blend uniformity
Order of addition Particle size distribution
Mixer load level Bulk/tapped density
Number of rotations (time and speed) Moisture content
Agitating bar (on/off pattern) Flow properties

Milling Impact/cutting/screening mills Particle size
Mill type Particle size distribution
Speed Particle shape
Blade configuration and type Bulk/tapped density
Screen size and type Flow properties
Feeding rate Polymorphic form

Fluid energy mill
Number of grinding nozzles

Feed rate
Nozzle pressure
Classifier
Wet Granulation High shear granulation Power consumption (process control)
Pre-binder addition mix time Blend uniformity
Impeller speed, configuration, and location Flow
Chopper speed, configuration Moisture content
Spray nozzle type and location Particle size and distribution
Method of binder addition Granule size and distribution
Binder fluid temperature Granule strength and uniformity
Binder addition rate and time Solid form

Post-granulation mix time

Bowel temperature

Fluid bed granulations

Mixing time

Spray nozzle (type/quantity/
pattern/configuration)

Method of binder addition

Binder fluid temperature

Binder fluid addition rate and time
Inlet air flow rate, volume, temperature,
and dew point

Exhaust air temperature, flow
Filter properties and size

Shaking intervals

Product temperature

Fluidized bed Granule size and distribution

Inlet air volume, temperature Granule strength, and uniformity
Drying dew point Particle size

Exhaust air temperature, flow Flow

Filter properties Bulk/tapped density
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Shaking intervals Moisture content
Product temperature Residual solvents
Total drying time

Tray

Quantity carts and trays per chamber
Quantity of product per tray
Drying time and temperature
Air flow

Inlet dew point
Vacuum/microwave

Jacket temperature
Condenser temperature
Impeller speed

Vacuum strength

Microwave potency

Electric field

Energy supplied

Product temperature

Roll speed Appearance

Gap setting Ribbon/particle size and shape
Roller compaction Roll pressure Ribbon density, strength, and thickness

Auger screw rate Solid form

Roller type Target weight

Compression speed and force Weight uniformity

Pre-compression force Content uniformity
Compression Feed frame type and speed Hardness

Hopper design, height, and vibration Thickness

Tablet weight and thickness Tablet porosity

Depth of fill Friability

Punch penetration depth Visual attributes

Moisture content
Weight of core tablets

Product temperature Appearance
Total pre-heating time Visual attributes
Coating, Fluid bed, Pan| Spray nozzle (type/quantity/ % Weight gain
pattern/configuration) Film thickness
Individual gun spray rate Color uniformity
Total spray rate Hardness
Pan rotation speed Thickness
Atomization air pressure Friability

Pattern air pressure Inlet air flow,
temperature, dew point Exhaust air
temperature, air flow

Product temperature

Total coating time

3. Link raw material attributes and process parametersto CQAs and perform risk
assessment
A pharmaceutical manufacturing process is usualyprised of a series of unit operations to
produce the desired product. A unit operation isligcrete activity that involves physical
changes, such as mixing, milling, granulation, wigyi compaction, and coating. A physical,
chemical or microbiological property or characticief an input or output material is defined as
an attribute. Process parameters include the typmwipment and equipment settings, batch
size, operating conditions (e.g., time, temperatpressure, pH, and speed), and environmental
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conditions such as moisture. The quality and qbamti drug substance and excipients are
considered as attributes of raw materials. Durinacgss development, raw materials, process
Parameters and quality attributesl are investigdited purpose of these studies is to determine
the critical raw material attributes, process patems and quality attributes for each process,
and to establish any possible relationships ambegqt Critical quality attributes (CQA) are
physical, chemical, biological, or microbiologicaroperty or characteristic that must be
controlled directly or indirectly to ensure the tityaof the product. Critical process parameters
(CPP) are process inputs that have a direct amifisant influence on critical quality attributes
when they are varied within regular operation ranG®P and CQA are linked for risk
assessment of the process so that the processiegoioduct of predefined quality and decrease
the risk of failure.

Tools used in the risk assessment included th&dsla or fishbone diagram, failure mode effect
analysis (FMEA), and Pareto analysis. An Ishikawdishbone diagram is used to identify all

potential variables, such as raw materials, congpyasparameters, and environmental factors,
which can have an impact on a particular CQA, aagkablet hardness. Example: the figure (6)
describes the Fishbone/ Cause and Effect diagramkawa diagram of tablet compression
process.

Analytical

Sampling

Method

Y

Tablet

Precompressing

Temp/RH Main Compressing

P.S.
Operator Feeder Speed Process Conditions
Training Press Speed Lo

Punch Penetration

Plant
Factors

Endpoint i Raw
Materials

Fig. 6: Ishikawa diagram of tablet compression proess

A FMECA (failure mode effect and criticality anaiyscan then be used to rank the variables
based on risk (i.e., a combination of probabilggyverity, and delectability) and to select the
process parameters with higher risks for furthedists to gain greater understanding of their
effects on CQAs. Figure7 shows the FMECA processs@fassessment. Each of three value (S,
O, D) will be assigned a number from 1 to 10. Malting these values would results in the “risk
priority number”. This number indicates the prigriff the assed failure. In the FMECA
technique higher the detection ability lower trek priority number (RPN). [5, 6]
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Criticality

“S0OD" or
IED> “Risk Number”

*Higher detection ability
(e.g. 1) lowers risk score.

<)

Severity of Effect
Occurrence Probability

Detection® @ E

Fig. 7: Chart showing FMECA technique and calculatng the RPN/risk number

Examplel. We consider a tableting process whicHdiksving five steps

1. Milling

2. Dry blending

3. Wet granulation

4. Lubrication

5. Compression
Risk priority no/risk score (S.0.D) of this procesgalculated in the following table (3) by both
traditional approach and QbD approach.

Table 3: S.0.D calculation of the tableting process

Traditional approach(table 3a)
S. Process | equipm | Cause of| Potential | Effect | Seve | Occurre| Critica | Dete | SOD | control
No. | steps ent failure effect on rity nce lity ction
entire probabi
system lity
1. Milling Jet mill | Overload| Large Disso. | 9 5 45 2 90 Particl
ing particle Failure e
size Content Size
uni.
2. Dry High Excipien | Homogeni| Failure | 8 3 24 5 120 | Blend
blending | shear t quality | city homog
3. Wet High Excipien | Over Tableti | 8 4 64 8 512 | Time
massing | shear t quality | granulatio | ng
n proble
ms
4. Lubricati | V Load Flow, Cont. 9 8 36 8 288 | Time
on blender dissolutio | uni.,
Tablet n disso.
5. Compres | press Speed Weight, Variatio | 8 6 48 8 384 | Releas
sion hardness | ns e test
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In the table3b there are some highlighted numb&ishwshows the decreased SOD scores while
run a process with QbD concept in comparison tditicmal approach. So by applying QbD
concept the risk of process failure will be deceeias

QbD approach(table3b)

S.N | Process | equipm | Cause of| Potential | Effect | Sever| Occurre| Critica | detec| SOD | Contr

0. steps ent failure effect on ity nce lity tion ol
entire probabi
system lity

1. Milling Jet mill | Overload| Large Disso. | 9 5 45 2 920 Partic

ing particle Failure le
size Conten Size

t uni.

2. Dry High Excipien | Homogeni| Failure | 8 3 24 2 48 NIR

blending | shear t quality | city

3. Wet High Excipien | Over Tableti | 8 4 64 3 192 | Time,
massing | shear t quality | granulatio | ng power
n proble
ms
4. Lubricati | V Load Flow, Cont. |9 8 36 2 72 NIR
on blender dissolutio | uni.,
Tablet n disso.
5. Compres | press speed Weight, variati | 8 6 48 4 192 | Statist
sion hardness | ons ical in
proce

SS

4. Develop a design space

The design space is multidimensional combinatiod ameraction of input variables (e.g.,
material attributes) and process parameters thet been demonstrated to provide assurance of
quality. Working within the design space is not sidered as a change. Movement out of the
design space is considered to be a change and wotrdahlly initiate a regulatory post approval
change process.

Methods for determining design space included: \areble-at-a-time experiments, statistically
designed experiments, and modeling approaches.ddettor presenting design space included
graphs (surface-response curves and contour plotsgr combination of parameter ranges,
equations, and models.

In establishing and presenting a design spacegindaty points to be considered are:
1. Effect of formulation-component properties on psxeerformance and product quality
studied
Multivariate interactions examined
Supportive mathematical models used, as appropriate
Scale-up and equipment issues considered
Effect of operation or site change considered

abrwn
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The concept of the design space can be easily stoder with the example below, depicted in
Figures 8and 9. In the figures we have a procesavthe raw material is described by two
attributes z1 and z2, quality is described by gd @, and unit operations described by process
parameters x1 and x2 for unit 1 and xx1 and xx2ufat N. Each circle represents the values of
these parameters for one batch. Figure 8 shows helpgtens when a fixed process is considered,
depicted by the red circles. Suppose that we ranrtditional 3 batches at a selected range of
z1-z2 and selected range of process parametersy@adhieve the target quality (all red circles
fall on a multivariate target).The green circlepresent raw material from, say, a different
manufacturer, with attribute values different thiaa range initially examined. If we process the
green material on the fixed process conditions.,(etgthe range of the red circle values),
chances are that the final quality will differ frahmat produced by the red raw material. Figure 9
illustrates that if we carefully choose to operateappropriate different process conditions for
each different material (green path for the greammaterial attributes and blue path for the blue
raw material attributes), then we can have qualitytarget. In other words there is a Multi-
dimensional combination of raw material and progessmeters that assure Quality

Raw Linit 1 Unit N | Quality
I 1 5 [

02 g2
z2 oy
Qe — . e9— 0,0
@ _—
z1 xx1 ql

Fig. 8: By maintaining fixed process conditions weropagate raw material variability to quality

Raw | Unit 1 | Unit N

X2 w2 q’
z2 L @ . -
& m -

71 X1 xx1 ql

Fig. 9: By taking feed forward approach where the pocess conditions are flexible to
account for raw material variability we can maintain quality on target

These appropriate process conditions (depictedhbypaths that relate raw material and
process parameters with quality) are the solutiorte equations of the model that relates raw
material and process conditions to quality, ang #re obtained when we solve for the values
of process conditions given the values of the raatemal properties, such that quality falls in a
desirable range. Sometimes optimization can be tsedtroduce constraints, such that the
solution takes into account cost, time duratiom @rocess, etc. The model may be theoretical
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or empirical or hybrid. In other words, we can eg% Quality as a function (model) of the raw
Material attributes and Process Parameters:

Quality = f(RawMaierial, Process Parameters)
that is,

[QPQz:--‘?N] = f(z,, 25, 2y, Ky Ry vy goosy Xy Xy e X Y

and then solve for the combination of process patara that will result in a desired g1, g2, gN
given the values of z1, z2, zk. and then solvalHercombination of process parameters that will
result in a desired g1, g2, gN given the valueslofz2, zk. The function may be linear or non-
linear, and more than one equation will in genbmlrequired to model a multi unit plant that
predicts intermediate quality as well (i.e. grarpieperties).

Example2:Response graphs for dissolution are depicted agfacs plot (Figure 10a) and a
contour plot (Figure 10b). Parameters 1 and 2 aceofs of a granulation operation that affect
the dissolution rate of a tablet (e.g., excipidtritaute, water amount, granule size.)

Dissolution (%)

Fig. 10a: Response surface plot of dissolution as fanction of two parameters of a
granulation operation. Dissolution above 80% is desed
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Dissolution (%)

Parameter 2

I

TN f
/ \
) \

E -0
A0 42 44 48 45 50 52 54 56 58 B0
Parameter 1

Fig. 10b: Contour plot of dissotion from example 8a

Parameter 2

Design Space
{non-linear combination)

Parameter 1

Fig. 10c: Design space for granulation parameterglefined by a nonlinear combination of
their ranges, that delivers satisfactory dissolutio (i.e., >80%)
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Parameter 2

Design Space
(linear combination)

/|
1] L ] 1 ]
40 42 44 46 4B 80 52 84 55 SA  BO
Parameter 1

Fig. 10d: Design space for granulation parameterslefined by a linear combination of their
ranges, that delivers satisfactory dissolution (i.e>80%)

Figure8. Response graphs of dissolution.
In Figure 8c, the design space is defined by aineat combination of parameter ranges that
delivers the dissolution critical quality attributa this example, the design space is expressed by
the response surface equation resolved at the lianit satisfactory response (i.e., 80%
dissolution). The acceptable range of one paranetdependent on the value of the other. For
example:

If Parameter 1 has a value of 46, then Parameteag a range of 0 and 1.5

If Parameter 2 has a value of 0.8, then Parametkad a range of 43 and 54

The approach in Figure 10c allows the maximum raofyeperation to achieve the desired
dissolution rate. In Figure 10d, the design spaagefined as a smaller range, based on a linear
combination of parameters.

Parameter 1 has a range of 44 and 53

Parameter 2 has arange of 0 and 1.1

This example discusses only two parameters andctuseadily be presented graphically. When
multiple parameters are involved, the design sgacebe presented for two parameters, in a
manner similar to the examples shown above, atreift values (e.g., high, middle, low) within
the range of the third parameter, the fourth patamand so on. Alternatively, the design space
can be explained mathematically through equati@seribing relationships between parameters
for successful operation.

5. Design and implement a control strategy

Control strategy is a planned set of controls, véeri from current product and process

understanding that ensures process performanceraadct quality. The controls can include

parameters and attributes related to drug substamd¢e@lrug product materials and components,
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facility and equipment operating conditions, ing&ss controls, finished product specifications,
and the associated methods and frequency of morgtand control

A comprehensive pharmaceutical development appreetthgenerate process and product
understanding and identify sources of variabil@purces of variability that can have an impact
on product quality should be identified, appromhatunderstood, and subsequently controlled.
Understanding sources of variability and their istpan downstream processes or processing,
in-process materials, and drug product quality paovide an opportunity to shift controls
upstream and minimize the need for end-producintgsProduct and process understanding, in
combination with quality risk management (see 1C8),Quill support the control of the process
such that the variability (e.g., of raw materiatah be compensated for in an adaptable manner
to deliver consistent product quality.

This process understanding can enable an alteenatianufacturing paradigm where the
variability of input materials could be less tighttonstrained. Instead, it can be possible to
design an adaptive process step (a step thatpgenswse to the input materials) with appropriate
process control to ensure consistent product gualit

Enhanced understanding of product performance ustifyj the use of alternative approaches to
determine that the material is meeting its quaditlyibutes. The use of such alternatives could
support real time release testing. For examplanteégration could serve as a surrogate for
dissolution for fast-disintegrating solid forms kwihighly soluble drug substances. Unit dose
uniformity performed in-process (e.g., using weigatiation coupled with near infrared (NIR)
assay) can enable real time release testing anddpran increased level of quality assurance
compared to the traditional end-product testingrgigiompendial content uniformity standards.
Real-time release testing can replace end-prodsting, but does not replace the review and
quality control steps called for under GMP to reke#he batch. A control strategy can include,
but is not limited to, the following:

1. Control of input material attributes (e.g., drudstance, excipients, primary packaging
materials) based on an understanding of their ilmpa@rocess ability or product quality

2. Product specification(s)

3. Controls for unit operations that have an impactdownstream processing or product
quality (e.g., the impact of drying on degradatigrarticle size distribution of the
granulate on dissolution)

4. In-process or real-time release testing in lielewd-product testing (e.g., measurement
and control of CQAs during processing)

5. A monitoring program (e.g., full product testing mdgular intervals) for verifying
multivariate prediction models

To demonstrate the reproducibility and consistenicy process, process capability should be
studied. Process capability is a statistical meastithe inherent process variability for a given
characteristic.

Process capabilityis denogd by Cp, it is the measured, inherent variation of thedpiat turned
out by the product. The most widely accepted foarial process capability is six sigma.
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Process capability (Cp)+=3standard deviation (total of 6 sigma)

Standard deviation= it is the S.D. of the procéss is under the statistical control means under
no drift and sudden chand®.

Cp refers the variation in a process about theageeralue, but average of process is not often
the midpoint so it is useful to have the procegmbdity index that reflects the both variation of
process and the location of the process variafwacess capability indexis the value of the
tolerance specified for a particular characteristicided by the process capability, which is
defined as follows:

Process capability index (CpK) =
Upper limit of specifi¢cen -lower limit of specification
6 standard deviation

If the CpK value is significantly greater than otiee process is deemed capable.
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1 3o 0.135% specifications.
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*Percent out of specification beyond the high sk specificaion limit.

Fig. 11: Process capability index used in industrge

If the process capability is low, Rath and Stroagommend an iterative five-step procedure to
progressively reduce the variability of the procd3sese five steps are:
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1. Define: The intended improvement should berbfestated.

2. Measure: The critical product performance attels should be measured to see if they are out
of specification. The out of specification data wlobe analyzed and used to the sigma level of
the process.

3. Analyze: When the sigma level is below the tgrgéeps should be taken to increase it,
starting by identifying the most significant causéshe excessive variability.

4. Improve: The process should be redesigned apddaess controls should be incorporated to
eliminate or attenuate the significant root caudesriance.

5. Control: The improved manufacturing process &hba evaluated and maintained.

Based on the process understanding gained frordetbign space modeling, the control strategy
can be derived to assure final quality. There avemal ways of controlling a process. Figure 12
depicts the actions in feed forward control. Whetegiation in the granules is detected that may
result in quality different than typically observefl the compression operates at certain
conditions, we may bring the quality on target bigring the compression settings.The choice of
the process conditions will be dictated by a mdtat takes into account the deviation of the

input material attributes and calculates processlitions such that quality is on target. When

the model is empirical, multivariate analysis canused.

PROCESS

Raw Granulation
Material PPG results

Fig. 12: Feed forward control. When a deviation ingranules is detected that may result in
quality different than typically observed if the next process operates at given condition, we
may bring the quality on target by altering the pracess condition

6. Manage product life cycle, including continual impovement

Product life cycle (figurel3) starts with the presedesign and development and with the
continuous improvements of the product. Under tingt Stage study the biopharmaceutical
properties of the drug and raw materidlsese biopharmaceutical properties include phisica
chemical, and biological properties. Physical proge include physical description (particle
size, shape, and distribution), polymorphism, agsecsolubility as function of pH,
Hygroscopicity, and melting points. Pharmaceutisalid polymorphism, for example, has
received much attention recently. Chemical propsrinclude pKa, chemical stability in solid
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state and in solution as well as photolytic anddative stability while biological properties
include partition coefficient, membrane permeapilénd/or oral bioavailability.

Next step of thd’roduct life cycle is the process design and deveént and pcess design is
the initial stage of process development where atfine of the commercial manufacturing
processes is identified on paper, including thended scales of manufacturing. This should
include all the factors that need to be considévethe design of the process, including facility,
equipment, material transfer, and manufacturingabées. Other factors to consider for process
design are the target product quality profiles.

The third step is manufacturing development in Wwhicanufacturing process is designed for
product. A pharmaceutical manufacturing processigsally comprised of a series of unit
operations to produce the desired product. A upération is a discrete activity that involves
physical changes, such as mixing, milling, granoaigtdrying, compaction, and coating. In
manufacturing process design the process paranstdrgroduct attributes are considered.

@)duct Design & Development

<Process Design & DevelopmenD i

@anufacturing DevelopmenD
@ntinuous Improveme@

Candidate Product
Selection Approval

Fig. 13: Product development and lifecycle

The fourth step of product life cycle is continuaogrovementsProcess performance can be
monitored to ensure that it is working as antie@gdato deliver product quality attributes as
predicted by the design space. This monitoring@autlude trend analysis of the manufacturing
process as additional experience is gained duongrre manufacture. For certain design spaces
using mathematical models, periodic maintenanceldcine useful to ensure the model's
performance. The model maintenance is an exampbetofity that can be managed within a
company’s own internal quality system provided dlesign space is unchanged. Figurel4 shows
the continuous improvements for quality system.
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Results

Application Improvement
Results e

Results
Sl R Procedure
(criterion/specification-referenced)

Application Improvement
Procedure

Application Impro vement
(planned procedure 1s used) (of procedure and/or
application)
w
Procedure

(well understood, designed/planned &
documented)

Fig. 14: Quality system for continuous improvements

When the process is under the stage of continunpsovements there is less chance of process
variability, means there is no drift and suddemgain the process. This process is called in the
stage of statistical control. When the process istage of statistical control there is no need of
the process control. By study the interaction & pnocess variables and quality attributes in

design space (figurel5) the process variabilitylmamneduced and the process will be in the stage
of statistical control.

Reducing Product Variability

«——— Reduced
- Product
Design Variability
Space

Input Product ]
Materials (or Intermediate)
Input Monitoring of
Procgss Process Parameters

or Attributes

Variability  parameters
)

‘—I-| Process Controls/PAT "J

Fig. 15: Reducing process variability by process arol

CONCLUSION

Quiality by design is an evolving process in therpteceutical industry. ICH gives guidelines for

the QbD in the Q8 (R1) Anx. QbD provides real tireease of the product and reduce the risk

of failure hence cost of failureUnder the QbT, each batch has to be tested agtiest

specification to ensure its quality and manufaciconsistency. Under the QbD, batches may

not be actually tested against the specificatiorth@&s process understanding and/or process

control provides sufficient evidences that the bascwill meet the specification if tested, which
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allows the real time release of the batches so @libetter approach than QbT. Interaction of
the raw material and process parameter with CQAmp®rtant part of the QbD. Design space is
the multidimensional combination and interactiontwsen process parameter and quality
attributes of the product. If we change the progemsmeter within the design space then the
product will be of predefined quality. When the gges is running within design space then no
need to control the process but if the processimning out of design then there is need of
process control and process improvements so thgirticess will give the product with desired

QTPP and predefined quality. Six sigma continuoysrovement approach is used to control the
process which have five phases: define, measuetyza) improve and, control phase. Process
capability is used to determine whether the procesapable or not. If the CpK value is greater
than 1, then the process is capable. QbD is ngwetoach which is currently being used in

pharmaceutical industry than empirical approachiedhe product development because it

reduces the product variability.

REFERENCES

[1] Yu Lx. Pharmaceutical Researchiol.25, 4,2008 781-791

[2] Arnurn PV. A FDA Perspective on Quality by Design.

[3] Aegis Analytical Corporation. Quality by Design iBssential in New Regulatory
Environment, http://www.aegiscorp.com

[4] ICH Q8 (R1),2008.Pharmaceutical Development. Part . Pharmaceulleaklopment,

a. And Part Il: Annex to Pharmaceutical Developmdhmttp://www.ich.org.

[5] ICH Q9,2005 Quality Risk Management., http://www.ich.org

[6] Nesh RA, Wachter AH. Pharmaceutical Process Vatidatdn 3, Marcel DAKKER Inc,
Newyork,2005 PP. 452-454

[7] Kourti K. Quality by Design in the Pharmaceuticaldlstry: The Role of Multivariate
analysis.

[8] Gryna FM, Chua RCH, Defeo JA. Juran’s Quality Piagrand Analysis For Enterprise. Edn
5, Tata MacGraw-Hill Publishing Company Ltd, Newlie2007, PP. 67-199, 689-694

[9] ICH Q10, 2008a. Pharmaceutical Quality System#;/hwww.ich.org

[10] VonBehren D, Quality by Design: The Automated Phareutical assay: An Overview.
SOTAX Corporation. PP.1-5

[11] Huang J, Kaul G, Chatapalli R, Hernandez-Abad RygBIK, Nagi A.nternational Journal
of Pharmaceutic2009382:23-32

[12] Wu H, Tawakkul M, White M, Khan MAlnternational Journal of Pharmaceutic2009
372:39-48

[13] Chen C, Moore C. Role of Statistics in Pharmacautizevelopment Using Quality-by-
Design Approach- An FDA Perspective. In the Progepdof FDA/ Industry Statistics
Workshop. Sep 27-22006

[14] Winkle HN. Implementing Quality by Design. In theopeeding of PDA/FDA Joint
Regulatory Conference: Evolution of the Global Ratpry Environment: A Practical Approach
TO Change. Sep 22007

[15] Weinberg s, Fugua R. A stochastic Model of “Quabty Design” For the Pharmaceutical
industry.

391

Scholar Research Library



V. S. Chopraet al Der Pharmacia Lettre, 2010, 2(2): 370-392

[16] Feiler S, Solot Ph. Quality by Deign of Experimer#®w Can design Of Experiments Be

Used in Efficient Development, as specified In tkgH Q8 and PAT Guidelines. AICOS
Technologies Ag.

392

Scholar Research Library



