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ABSTRACT

The main objective of the present study is to present the concept of process capability and to focus its significance in phar maceutical industries.
From a practical view point, the control charts (such as X and R hart) sometimes are not convenient summary statistics when hundreds of
characteristics in a plant or supply base are considered. In many situations, capability indices can be used to relate the process parameters. The
resulting indices are unit less and provide a common, easily understood language for quantifying the performance of a process. Process
capability indices (PCIs) are powerful means of studying the process ability for manufacturing a product that meets specifications. Several
capability indices including Cp, Cpu, Cpl and Cpk have been widely used in manufacturing industry to provide common quantitative measures
on process potential and performance. The formulas for these indices are easily understood and can be directly implemented. A process
capability analysis compares the distribution of output from an in-control process to its specifications limits to determine the consistency with
which the specifications can be met. The process capability is also having a significant role in pharmaceutical industry. Process capability
indices can be a powerful tool by which to ensure drug product quality and process robustness. Determining process capability provides far

more insight into any pharmaceutical process performance than simply computing the percentage of batches that pass or fail each year.
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Introduction:

Over the last 70 years, riding the “continuous quality
improvement” wave set in motion by Walter Shewhart and
W. Edwards Deming in the 1920s; many different industries
have worked hard to better understand their processes in
order to improve them.!

High quality production provides some advantages such as
reduced scrap and increased market share. For this purpose
there are some requirements to be met. First of all the
organization should be cooperative and the quality should
come first. On the other hand, in order to meet quality
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requirements of final product, quality should be achieved at
every stage of production.2 Another way of achieving good
quality during production is to use the statistical period
techniques at every stage of production. If the production is
statistically under control the process can continue and
there is no need for a change in the process. However, if itis
not statistically under control, the assignable causes should
be discovered and removed from the process. Statistical
quality control methods apply statistical principles and
techniques at every stage of design, manufacturing, and
servicing. Statistical quality control methods are quite
different from traditional methods and they have made great
contribution to improvements in companies dealing with
mass production.3

Statistical methods - statistical process control (SPC),
statistical acceptance plans, reliability analysis, statistics in
improvement of processes (ANOVA, DOE) etc. belong to
basic quality instruments. Statistical analysis can be
performed in relation to measurable parameters or, on the
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grounds of alternative evaluation (yes/ no, conforming/
nonconforming). It can be formulated, that without a good
measurement there is no good statistics, performance of a
statistical analysis requires valuable data achieved from
measurement systems of adequate quality. Measurement
system analysis (MSA) is concerned with the evaluation of
quality of measurement systems. Here, it should be
emphasized that, first of all, the statistical properties decide
about the quality of a measurement system and its ability for
processes’ monitoring with sufficient accuracy.*

A key outcome of pharmaceutical validation studies is
proving equipment, instruments and processes that are
involved in the manufacture or testing of regulated materials
are fit for purpose. Fit for purpose means that a system
consistently performs the process it was designed to do
when operated within normal limits. It can be quantified
statistically by determining and measuring parameters with
respect to acceptance limits.

Most parameters associated with manufacture and test
measurements have a natural or normal distribution about
an average value. The behavior of these parameters can be
modeled and give accurate predictions for how well the
parameter is controlled within defined limits. Accurate
predictions can be made with small sample sets of data
points (approximately twenty) using standard statistical
functions such as those in MS Excel and other statistical
software’s. This analysis is known as a process capability
(Cp) study. The system variance, expressed as 3 standard
deviations above and below the system average (6 Sigma), is
compared with the set limits of the parameter.5

The analysis of data is indispensable in determining the
suitability of process/quality parameters as candidates for
further statistical investigation. For the vast majority of
parameters encountered in the pharmaceutical industry,
understanding the concept of standard deviation and
applying it to the measure of parameter variability, is all that
is needed to draw useful conclusions regarding the ability of
a system to control that parameter.

A critical tool for improving process understanding is
“process capability analysis,” which has proven its worth in
automotive, aerospace and semiconductor manufacturing.
Used to gauge process performance, the technique is now
being wused outside of manufacturing, to analyze
transactional and design processes.6

Process capability analysis is also making its way into the
pharmaceutical industry, where drug manufacturers and
regulatory agencies are using it to characterize processes.
This article introduces a roadmap for conducting a
pharmaceutical process capability analysis, and explains
some of the basic metrics involved.!

Pharmaceutical Quality by Design (QbD)
Objectives

Pharmaceutical QbD is a systematic, scientific, risk-based,
holistic and proactive approach to pharmaceutical
development that begins with predefined objectives and
emphases product and processes understanding and process
control. The main objectives of pharmaceutical quality by
designs are’:

1. Achieve meaningful product quality specifications that
are based on assuring clinical performance

2. Increase process capability and reduce product
variability and defects by enhancing product and
process design, understanding, and control
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3. Increase product development and manufacturing
efficiencies

4. Enhance root cause analysis and post-approval change
management

Role of Process Capability in Pharmaceutical
Development:

The ICH Q10 states that in order to establish an effective
pharmaceutical quality system, one of the objectives should
be to ‘Establish and Maintain a State of Control’, which
defined as the following:

» To develop and use effective monitoring and control
systems for process performance and product quality
and

» To provide the assurance of continued suitability and
capability of processes

Concept of Process Capability

The concept of process capability first introduced in
Statistical Quality Control Handbook by the Western Electric
Company in 1956. Process capability is defined as the
natural or inherent behavior of a stable process that is in a
state of statistical control. Different organizations like 1SO,
AIAG, ASQ and ASTM published their guideline or manual on
process capability index calculation.8

As we have seen, control charts are used to assess and
monitor the stability of a process. The terms “stable” and “in
control” are used to describe a process with only common
causes of variation. However, a stable process might not be
capable of producing the desired quality relative to
specifications or tolerances. In other words, a stable process
is not necessarily a capable process.

Capability indices have been developed to graphically
portray that measure. Capability indices help to place the
distribution of your process in relation to the product
specification limits. Capability indices should be used to
determine whether the process, given its natural variation, is
capable of meeting established specifications. It is also a
measure of the manufacturability of the product with the
given processes.?

Process capability is a measurable property of a process
which generally determines if the process is meeting its
desired specification or not. The two main functions of
process capability are: 10

« To measure the variability of the output of a process,
and

¢ To compare that variability with a proposed
specification, or product tolerance.

The output of this measurement is represented by a
histogram and predicts how many parts will be produced
out of specification (0O0S) and is expressed as a process
capability index.

What is process capability?

From a conceptual view it is a measure of the relationship
between the voice of the process and the voice of customer
(VOQ). It is essentially a ratio of the customer requirement
(specification) and the expected process variation.11

p bili Voice of customer

rocess capability = —————

p v Voice of process

It is an expression of how well the process performs relative
to the VOC. It is a prediction of how well the process will
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meet customer requirements in the future. A capable
process is one in which almost all measurements of a feature
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produced by the process fall inside specification limits.
There are several indices that are commonly used.

Nominal Process
value distribution
Upper

specification

Nominal
value
Process
distribution
Upper
Lower specification

specifjcation

2 2 3
o 0 0
Process is Process is
Not Capable Capable
Figure 1: Capability of a process based on spread of process distribution across the specification
Capability indices can be wused to compare the measure the desired specification parameter, we will get

product/process matches and identify the poorest match
(lowest capability). The poorest matches then can be
targeted on a priority basis for improvement. If we sample a
group of items periodically from a production run and

subgroup sample distributions that can be compared to that
parameter’s specification limits. Two examples of this are
represented below in fig 2.

Sample
Parameter

Distributiors‘

N

Urstable, Stable,
Mot capable Capable
Process Process

Spec
Lirmilt

Figure 2: Capability of a sample process distribution based on specification limit 12

The diagram on the left side of fig 2 shows a series of sample
distributions that fall inside of and outside of the
specification limit. This is an example of an unstable, not
capable process. The right side of the fig 2 shows all of the
distributions falling within the specification limits. This is an
example of a capable process. Process capability can be
expressed with an index. Assuming that the mean of the
process is centered on the target value, the process
capability index Cp can be used. Cp is a simple process
capability index that relates the allowable spread of the
specification limits (spec range or the difference between

ISSN: 2250-1177

[335]

the upper spec limit, USL, and the lower specification limit,
LSL) to the measure of the actual, or natural, variation of the
process, represented by 6 sigma, where sigma is the
estimated process standard deviation.

Capability is a useful measure of how well a process keeps
within the specification limits. For normally distributed
measurements, capability is purely a function of the mean
and variance of the process. Process capability studies
compare the variability (or spread) of a stable process to the
width of the specification limits, as shown in figure 3.
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Figure 3: Relation of process capability studies with process width and specification width (VOC)14

Definitions and formulas associated with common
capability indices (Cp/Cpk)

Definition of Cp

The equation for Cp is often written ET / NT. ET stands for
Engineering Tolerance, which is the width between the
specification limits. NT stands for Natural Tolerance, which is
the width that should contain almost all of the data from the

process. Traditionally, NT is 6 times the standard deviation.
13

We often describe Cp as the capability the process could
achieve if the process was perfectly centered between the
specification limits.

Definition of Cpk 13

The equation for Cpk is more complicated:

[minimum(mean — LSL, USL — mean]
0.5 * Natural tolerance

Cpk =

Where,
LSL stands for Lower Specification Limit and
USL stands for Upper Specification Limit.

Often Cpk described as the capability the process is achieving
whether or not the mean is centered between the
specification limits. A variety of indices are available to
quantify capability. The most common measures are Cp, Cpk,
Cp], and Cpu

The use of the capability index depends on the situation: 14

« Ifitisimportant that you hit a target, then Cpk is the
best choice.

s Ifthe targetis concerned about staying within a one-
sided lower or upper specification limit, then Cpl
(lower) or Cpu (upper) should be used.

+« Ifthere is a need to make sure the variation is under
control, given it is relatively easy to steer the mean to
the target, Cp is the best measure.

- ._ (USL-p) — (L.SL—/z)
( Gllmnn) 3*0()'970[1
-LSL
CPL= ( * ~LS1) PPL= P
('% Gﬂ'h‘hm) % GOmaII
Cpk = minimum {CPU, CPL} Ppk= mimimum{PPU, PPL}

Figure 4: Formula associated with different capability
indices 1520

Relationship between Cp and Cpk

The two statistics have a lot in common. The smaller the
standard deviation, the greater both statistics are. In fact,
under the right conditions, Cp and Cpk have exactly the same
value.

If the process is in statistical control, via “normal” SPC charts,
and the process mean is centered on the target, then Cp can
be calculated as follows:

Table 1: Significance of different value of Cp 1618

Cp = (USL - LSL) / 6 sigma
Cp<1 The process is not The process variation exceeds specification, and a significant number of defects are
capable being made.
Cp=1to A barely capable The process is just meeting specifications. A minimum of 3% defects will be made and
1.33 process more if the process is not centered.
Cp>1 The process is not The process variation is less than the specification; however, defects might be made if
capable the process is not centered on the target value.
Cp>1.33 A highly capable This process will produce conforming products as long as it remains in statistical
process control. The process owner can claim that the customer should experience least
difficulty and greater reliability with this product. This should translate into higher
profits.
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Cp<1 Cp=1t01.33
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A Highly Capable Process: Voice of the Process < Specification { or Customer Expectations ).

Figure 5: Significance of different value of Cp 17

While Cp relates the spread of the process relative to the average, X, is centered to the target value. Cp is often
specification width, it does not address how well the process referred to as process “potential”.
Cp=1,Cpk=1 Cp=1.67, Cpk = 1.67
Mon-centerad mean, Centerad mea n,
Cp=t \ Cp>1
Target
Upper Lowgr U
Specification Specification S:E:I'rﬂcaﬂon
h -
LSL Mean USL
Current Process Improved Process
Figure 6: Graphical presentation of Cp with respect to distribution of mean 12
Cpk measures not only the process variation with respect to Cpk is taken as the smaller of either Cpl or Cpu where
allowable specifications; it also considers the location of the X — LSL USL — X
process average. Cpl = Cpu =

" 3sigma’ Pu=3 sigma

ISSN: 2250-1177 [337] CODEN (USA): JDDTAO



Mahapatra et al

Where, X is the process mean

Many companies are establishing specific process capability
targets. They may typically start with 1.33 for supplier
qualification and have an expected goal of 2.0. If the process
is near normal and in statistical control, Cpk can be used to
estimate the expected percent of defective material.
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Cpk values and its corresponding non-conforming
rate

The value of Cpk closely related with the % of conforming
level with respect to type of specification i.e. unilateral or
bilateral specification.

Table 2: Cpk value and its corresponding non-conforming rate with respect to specification

Non-conforming parts per
i Areaunder normal curve million(ppm) o
Cpk Value Slglma Capal_)lllty
value (% conforming level *) Unilateral Bilateral rating
specification specification*
0.333 1 68.27 158650 317300 Terrible
0.667 2 95.45 22750 45500 Poor
1.0 3 99.73 1350 2700 Marginally
capable
1.333 4 99.9936 32 64 Capable
1.667 5 99.99994 0.3 0.6 Good
2.0 6 99.999998 0.001 0.002 Excellent
* Process mean is centered at middle of the specification limits and has normal distribution
PPM Rejection Level W= Cpk Walue
A000000.0000
100000.0000
100000000
41000, 0000
1000000
[
£ 10,0000
E 1.0000
=
&
0000 \
0.0100
0.0010 T T T ¥
(1] 0.5 1.5 2 2.5
Cpk Value

Figure 7: PPM rejection level Vs Cpk value 18

A process with Cpk of 2.0 (+/- 6 sigma capability), i.e., the
process mean is 6 sigma away from the nearest specification
can be expected to have no more than 0.002 nonconforming
parts per million. This process is so good that even if the
process mean shifts by as much as +/- 1.5 sigma the process
will produce no more than 3.4 non-conforming parts per
million.

Process Capability Studies are designed to see what the
process is “capable” of doing under controlled conditions.
The studies look at how capable the process is given ideal
conditions over a short period of time (such as one hour to
twenty-four hours.) The individual who is mainly
responsible for a process capability study is a Process
Engineer. The Process Engineer must keep in mind the
following two considerations when conducting the study.19.12
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v' Eliminate or minimize special causes of variation, for
example using the same operator, same batch of
material, same machine and so on.

v" Collect a minimum of 50 consecutive pieces in at least
10 subgroups of 5.

The benefit of conducting a process capability study allows
determining the “short” term stability and capability of a
process.

Relationship between Cpk and Ppk

The goal of capability analysis is to ensure that a process is
capable of meeting customer specifications, and the
capability statistics such as Cpk and Ppkto make that
assessment. The formulas for Cpk and Ppk for normal
(distribution) process capability, are nearly identical:
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The only difference lies in the denominator for the upper
and lower statistics: Cpkis calculated using the WITHIN
standard deviation, while Ppk uses the OVERALL standard
deviation. The details surrounding the formulas for the

Journal of Drug Delivery & Therapeutics. 2020; 10(5):333-344

standard deviations, it can be foresee that the within
standard deviation as the average of the subgroup standard
deviations, while the overall standard deviation represents
the variation of all the data. 20

Table 3: Difference between Cpk and Ppk 20

Cpk

Ppk

Only accounts for the variation WITHIN the subgroups

Accounts for the OVERALL \variation of all

measurements taken

Does not account for the shift and drift between subgroups

Theoretically includes both the variation within
subgroups and also the shift and drift between them

Is sometimes referred to as the potential capability because it
represents the potential of the process has at producing parts
within spec, presuming there is no variation between

subgroups (i.e. over time)

Is where you are at the end of the proverbial day

L r Upper

SpP spec

I It
L) (USL)

Lower

spec

et

(LSL)

Lower U

spec s

Mt it

(LSL) S

Ppxor Cox = 1

PpOpr=1

Ppoxor Cox = 0

Ppx or Cpx = -1

Figure 8: Graphical presentation for relationship between Cp and Cpk 11

Short and long term estimation of capability

There are different ways to estimate the standard
deviation. We can calculate a short term estimate, or an
overall, long-term estimate. The short-term estimate can be
used if data were collected using rational sub grouping.
This estimate is a within-subgroup estimate of the standard
deviation, which should be free of special causes. When the
short-term estimate the capability indices are labeled Cp

and Cpk. Because Cpk takes into consideration centering, it
is sometimes called actual capability.21

The long-term estimate of the standard deviation is simply
the standard deviation of all of the data. If the process is
not stable, this will include special causes of variation.
When the long-term estimate of the standard deviation is
used, the indices are generally referred to as process
performance indices. These indices are labeled Pp, for

potential performance, and Ppk, for actual performance.
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The same formulas are used to calculate the process
performance indices, but the long-term estimate of the
standard deviation is used instead of the short-term
estimate. If the process is not stable, Pp and Ppk will be

lower than Cp and Cpk.

Examples of the difference between Cpk and Ppk
20,22

Both Cpk and Ppk are interrelated. The relationship of these
two capability indices can be easily understood by graphical
presentation with suitable example. However, to understand
the relationship, the two below two condition. The below
two probable conditions (example 1 and example 2) explains
the difference between the two capability indices
illustratively

For illustration, let's consider a data set where 5
measurements were taken every day for 10 days.
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Example 1 - Similar Cpk and Ppk
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Last 10 Subgroups
8o *
- o ° ¢ i
] . [ ]
Tju Eﬂ'D_.____!___.___..____'___.!.__ .___E___'___;
- . s o * -i * 3
®
*
596 : ; * : .
2 4 3 B 10
Sample

Capability Plot
Within Overall Overall
StDev 1359 StDev 1438
g 123 Pp 116
Cpk 113 Within Ppk 107
PPM 38769 Cpm  *
- PPM  770.51
Specs
— 4

Figure 9: Difference between Cpk and Ppk with similar Cpk and Ppk value

As the graph on the left side shows, there is not a lot of shift
and drift between subgroups compared to the variation
within the subgroups themselves. Therefore, the within and

Example 2 - Different Cpk and Ppk

overall standard deviations are similar, which means Cpk
and Ppk are similar, too (at 1.13 and 1.07, respectively).

Last 10 Subgroups Capability Plot
e . Within Overall Overall
s Sthev  0.4164 Sthev 1438
n Cp 400 Pp 116
o & ‘
=2 6004 ____ ! ________________ ! __________ _.___' Cpk 369 Within Fpk 107
= ' ! PPM Q.00 pm =
' ' +——+ PEM  770.51
596 : Specs
2 4 3 g 10
S N
Sample

Figure 10: Difference between Cpk and Ppk with different Cpk and Ppk value

In this example, the same data and subgroup size was used,
but the data around, moving it into different subgroups.
Since the same data was used, the overall standard deviation
and Ppk did not change. But that’s where the similarities end.

The observed Cpk statistic is 3.69, which is much better than
the 1.13 we got before. Looking at the subgroups plot, the
reason of increased Cpk can be identified. The graph shows
that the points within each subgroup are much closer
together than before. So less variability within each
subgroup equals a smaller within standard deviation and
that gives us a higher Cpk.

Use of capability indices (Cp, Cpk, Pp and Ppk)

There is a time and a place to use each of these numbers
depending on the individual situation. Because Cp and Cpk
use estimated sigma, and Pp and Ppk use actual sigma, they
have different use.

»  Cpand Cpk consider the deviation mean within rational
subgroups, while Pp and Ppk set the deviation based on
the studied data.

» Inmost of the practices, when process is unstable or
has just begun then Pp and Ppk values of that process
are considered for statistical analysis.

»  When the process is stable and in control then Cp and
Cpk values are considered for statistical analysis.

Table 4: Use of capability indices (Cp, Cpk, Pp and Ppk) 23

New process or process not under
statistical control

Existing process under
statistical control

Measure of spread fit | Pp

Cp

Measure of centering | Ppk

Cpk

ISSN: 2250-1177
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a) Just began learning. Aims at
center but the result is hilarious
( Pp ok but Ppk not ok)

@

b) Finally shot the center but is
still amateur ( Pp and Ppk ok)

Analogy with Archery

c) Decides to concentrate on
controlling the spread and
finally increases accuracy

(Good Cp but bad Cpk)

d) After gaining stability finally
targets the center and the
result is excellent ( Good Cp
and Cpk).

Figure 11: Representation for (Pp/Ppk) and (Cp/Cpk) with respect to spread and centralization of process 23

Cp and Cpk can be used to measure a system's potential
capabilities, while Pp and Ppk measure the system's actual
performance. A tabular form for the difference between the

capability indices (Cp and Pp vs. Cpk and Ppk) presented in
the table 5.

Table 5: Difference between capability indices (Cp and Pp vs. Cpk and Ppk) 24.25

Cp and Pp
(Cp = Process Capability ;

Pp = Process Performance)

Cpk and Ppk
(Cpk = Process Capability Index ;

Ppk = Process Performance Index)

Both Cp and Pp are monitoring indices for the spread
of your process compared to the specification spread.

Cpk and Ppk are used to indicate the spread of process
about the centre.

They do not provide information about process
centralization.

They give us the idea of how well the process is
centered or how much it has deviated from the centre.

They tell us whether the process is capable or not but
not whether the process is acceptable.

They can tell us whether the process is acceptable or
not as well as whether the process is capable or not.

Cp or Pp = (USL-LSL)/6s
Where; USL = Upper Specification Limit

LSL = Lower Specification Limit

Cpk or Ppk = Min of [(Mean - LSL)/3s] or[(USL-
Mean)]/3s

Where; USL = Upper Specification Limit

LSL = Lower Specification Limit

Importance of Cpk or Ppk (Which is most
valuable/powerful) 26

The reality is that Cpk is a better estimate of the potential of
process. It represents the best process can do and that is
when the within subgroup variation is essentially the same
as the between subgroup variation. This is what it means to
be in statistical control. If the process is in statistical control,
Cpk is essentially the same as Ppk. So, in this case there is no
need of Ppk.

However, if the process is not in statistical control and have
something to work on Cpk and Ppk are pretty well
meaningless - except for the fact those values of Cpk and
Ppk that are widely different are indications that the process
is not in statistical control.

ISSN: 2250-1177 [341]

Identifying a poor capability Process

Process capability indices, in partnership with control
charts on critical process variables, help to identify
processes that are performing poorly. Stability is always
evaluated using control charts. Capability is evaluated
based on the ability to meet customer specifications. A
capable process must be stable, but a stable process might
not be capable. The best processes are both stable and
capable. The worst process is one that is not stable and not
capable. This type of graph is called a process performance
graph.28

The stability index is a measure of the stability of the
process. It is the ratio of the overall (long-term) standard
deviation, or sigma, to the within-subgroup (short-term)
sigma. For a stable process, the overall and within
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estimates of the standard deviation are about the same, and
the stability index is close to 1. An unstable process has a
large overall standard deviation relative to the within
estimate. In this case, the stability index will be larger than
1.

A process performance graph can provide insights into the
types of problems needed to address to improve the
performance of a process. If the process is unstable, there
is need to identify the special causes and address them. If
the process is not capable, then there is too much variability
or the process is off target, or both. 28

It is well known that Cy measures the potential capability and
that Cpk measures actual capability. If there is a difference
between Cp and Cpk (or Pp and Ppk), the process is off
target. The target index is a measure of how far off target a
process is. The target index measures the number of
standard deviations the mean is from the target. If the
target index is 1, then the mean is 1 standard deviation
from the target

Taguchi capability index 1©

Another index Cpkm, also known as the Taguchi capability
index, estimates process capability around a target (T) and
assumes process output is approximately normally
distributed. It is given by

Cpk
J1+W—T/0)2

Where, Cpkm=Taguchi capability index

Cpkm =

Cpk= Process capability index

M= Process average

T= Expected target

6=Standard deviation of the process

The distinction between Cpkm and Cpk lies with target and
the specification limits. Taguchi emphasized more on the
target value than the specification limits. Thus, while Cpk
relates to the specification limits, Cpkm relates to the target
value, which is narrower than the former.

Steps for a Capability Analysis !!

To assure valid results when performing a capability
analysis, following steps are followed.

1. Generate I and MR charts.

Start with the range chart and determine stability. Are all
points inside of the control limits? If yes, the process is
stable and the analysis can move forward. If no, the process
is unstable and this must be addressed before moving on.

2. Look at individuals chart.

Are there any indications of out-of-control data per the rules
of process control? If yes, the process is out of control and
this must be addressed before advancing in the capability
analysis. If no, then the process is in control and analysis
may proceed.

3. Generate a normal probability chart and test for
normality

e If a distribution is close to normal, the normal
probability plot will be close to a straight line. Some
statistical software’s report the Anderson-Darling
statistic. The null hypotheses for this test is that the
distribution is normal; thus, to conclude that the data is
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normal, the p-value must be greater than 0.05
(typically).

e If the data is normal, then assess capability. Otherwise
the data may need to be transformed. A popular
transformation is the Box-Cox transformation.
(Alternatively, you could use a process capability index
that applies to non-normal distributions. One statistic
is called Cnpk [for non-parametric Cpk].

4. Assess process capability.
Process for calculating process capability

To calculate process capability, there is requirement of three
things:

®  Processaverage estimate
e  Process standard deviation estimate
e  Specification limit

This is true for both Cpk and Ppk and it follows the
assumption that the data are normally distributed.

Process capability indices represent a ratio of how far a
specification limit is from the average to the natural
variation in the process. The natural variation in the process
is taken as being 3 times the process standard deviation.

The process capability index is then given by:
(USL — Average)
3S

To calculate process capability, there is need of estimation of
the process average and the process standard deviation (i.e.,
within and between the group standard deviation).

Process capability index =

Advantages of process capability

Different advantages associated with the process capabilities
are

1. Ittells us the condition of the output.

2. It compares the natural variation with the specification
of customers.

3. It tells us whether the process is capable to produce
the desired output or not.

4. It compares two or more processes, to tell which
process is most capable.

5. Ithelps to predict the variations occurring in process.
6. Ithelps to identify and eliminate the special causes.
Process Capability Assumptions 11

When calculating process capability (Cp or Cpk), there are
three key assumptions:

v' Large sample size
v Stable process
v" Normal distribution

When these assumptions are not met, the values are not
valid. Most capability index estimates are valid only if the
sample size used is “large enough,” which is generally
thought to be about 30 or more independent data values.

Process capability road map in pharmaceutical
development

The new modern manufacturing environment is
characterized by increased product diversity and greatly
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reduced product life cycle. Today’s market situation forces
manufacturers to make products with high quality, low
manufacturing cost and at the same time to produce broader
variety of products. The competition in marketplaces
requires quickly renew existing products and develop new
ones. The large number of product variants and low
manufacturing volumes makes it difficult to design product
and process. The key part of product development cycle is
the conceptual design stage that greatly influences the
resulting cost, quality, product manufacturability and its life
cycle parameters. 28,29

Requirements of a good product design are defined by its
performance and manufacturability. A good design can only
be made under -consideration of the manufacturing
processes. Being in control of a manufacturing process using
statistical process control (SPC) is not enough. An “in-
control” process can produce bad or out-of-spec product.
Manufacturing processes must meet or be able to achieve
product specifications. Further, product specifications must
be based on customers’ requirements.

Journal of Drug Delivery & Therapeutics. 2020; 10(5):333-344

There is sequential approach through which the customer
requirement is fulfilled for product development. The
different steps involved are 30

1. Selection of critical parameters
2. Collection of data for the study design

3. Establishment of proper control of process (by
measuring and controlling parameters such as X bar
chartand R chart)

4. Analysis of Process data (standard deviation, process
mean or calculation of process capability)

5. Establishment of process monitoring system

The details of the sequential approach for the process
capability road map in pharmaceutical development are
described below in fig 12.

Select Critical

These Should be selected before the Studybegins

Parameters

Collect Data

The process may be controlled by measuring and controlling
parameters

|

A data collection system [
should be established

This would involve process
factors that affect the process

before the study begins.

Establish Process Controls ]

variation to yield robust process

Analyze Process Data ] |

n
Z X X bar — Monitor the l
_ i —_ changes in the mean of a
X = i=1 process
n Range (R) Charts - Analyze source of variation
Maonitor the variability
of the process
- Steps for Analysis
- - Process Average or
Z 6( _ X) ~ e Establish Process
i
i=l - Standard Deviation monitoring system
6= - Distribution  of '
n-1 Data
- Calculate the
Process Capability -
(Cpand Cpk) To ensure that the process is stable

Figure 12: Rod map of process capability in pharmaceutical product development

How Cpk useful to improve the consistently in
process capabilities

1. Perform a Capability Analysis: Evaluate the Cpk of
the process and make a decision whether there is a
need for improvement

2. Explore the relationship: If there is a need for
improvement, the link between the potential cause and
effect are identified (the process parameters which
may need optimization are identified). E.g. It is unusual
that a particular CQA is dependent only one CPP,
dissolution failure may be due to particle size
distribution of API, excipients, blend, compression,
coating or all the above.
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3. Generate a Hypothesis: The relation between the
potential causes and effect are identified may be by
step-wise regression (identify where there is highest
variability and also, how the changes in the CPP in
various steps affect the CQA). e.g. this is where one can
test how the compression parameters affect the
dissolution and establish a co-relation if possible.

4. Improve: Work on creating an optimum set of the key
process factors which result in an improved predicted
Cpk, consistent with the goal of delivering a significant
improvement in process capability.
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Conclusion:

Capability analysis helps to determine the ability for
manufacturing between tolerance limits and engineering
specifications. Capability analysis can be applied not only to
production period but also to a machine or machine tool.
Capability analysis gives the information about changes and
tendencies of the system during production. It is used to
determine the system tendencies between tolerance limits.

Process capability indices can be a powerful tool by which to
ensure drug product quality and process robustness. Case
studies from both innovator and generic pharmaceutical
industries demonstrated that process capability indices can
be a useful tool by which to drive operation excellence and
ensure delivery of superior product quality. Use of process
capability indices should always go hand in hand with
enhanced scientific understanding of the product and
process.

In summary, determining process capability provides far
more insight into any pharmaceutical process performance
than simply computing the percentage of batches that pass
or fail each year. Remember that high process capability
guarantees a high percentage of passing batches, but a high
percentage of passing batches cannot guarantee high process
capability.

Process capability analysis is not the only technique available
for improving process understanding. However, given FDA’s
new science-based regulatory framework and the promise of
“safe haven” for manufacturers that demonstrate process
knowledge, the practice promises to become a more
important tool for pharmaceutical manufacturing
professionals in the future.
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