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ABSTRACT

The term lot-to-lot reproducibility is broadly used by customers and
vendors to describe the quality of chromatographic columns. This
reproducibility is particularly important in the pharmaceutical and
environmental industries to develop robust analytical methods and to
ensure product quality.

However, there is a lack of common understanding of the measurement
and interpretation of this parameter. Conceptually, lot-to-lot reproduc-
ibility is easy to comprehend but a number of factors need to be defined.
Here, we discuss a methodology for the calculation of this term based on
a statistical analysis approach (ANOVA), and interpretation of the results
in light of a column performance characterization. We demonstrate how
customers can combine information about a column’s specification and
lot-to-lot reproducibility for the intelligent evaluation of the column’s
applicability in their applications.

INTRODUCTION

Column Reproducibility

Column Reproducibility (o,) is a part of any column quality
characterization.

Column-to-column reproducibility (o) represents:

e (Column packing processes with separation media
e Hardware supplies

Lot-to-lot reproducibility (o, ) represents:

e Polymerization processes
e Raw material supplies
e Separation media properties
— Physical/chemical properties of bed support
— Chemical properties of particles’ surface or latex

The total column reproducibility can be calculated by using Formula 1
below:

2 _ 2 2 2
Op =0 + Oy 0, (1)

where o, is the measurement/experimental error.

Reproducibility Characterization

Tools for reproducibility characterization should be divided between
column-to-column reproducibility and lot-to-lot reproducibility.

Column-to-Column Reproducibility

e Shelf life column stability
e |QC of column hardware (dimensional control)
e Functional chromatographic test:
— Backpressure (Pr )
— Efficiency (N.,)
— Asymmetry (As. )

1S0:

— Retention time (RT. )

IS0

Lot-to-Lot Reproducibility

e In-process control
e |QC of raw materials
e Physical characterization of separation media:
— Particle size distribution
— Pore size distribution (for porous stationary phases)
e Functional chromatographic test:
— Backpressure (Pr_,)
— Efficiency (N,,)
—Resolution (R )
— Retention time (RT_,)

METHODOLOGY

Lot-to-lot reproducibility is defined as a variance component of the total
column reproducibility derived from ANOVA analysis for each specifica-
tion parameter. Two-way classification is applied for this purpose (see
Table 1).

ANOVA is required for design of experiment (DOE) planning, or historical
data can be used.



Table 1. ANOVA Analysis

Source of Variance Random Effects
Lot-to-Lot o2+ Mo, 2 2
Column-to-Column o, +N"c, )
Interaction (Column x Lot) none

Error o’

e Two sources of variance are considered:
— Lot effect (DF = n, where n is number of lots under evaluation)

— Column effect (DF = m, where m is number of columns per
given lot)

o All effects are considered random.
e Fach specification parameter is treated separately.

e Only columns that have passed specification requirements should
be used in the study.

LOT-TO-LOT REPRODUCIBILITY
DETERMINATION FOR THE
PROPAC WCX-10 COLUMN

Here, we propose a method for the determination of lot-to-lot reproduc-
ibility by using the Dionex ProPac® WCX-10 column. The following
conditions and tools were applied for this study:

e MiniTab 15 statistical software
e 9years manufacturing data for ProPac WCX-10 columns
e Data pool: 97 lots, 343 columns

e All columns went through a vigorous QC process (Figure 1) and
met the specification requirements for the resin qualification.
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Figure 1. Dionex QC process.

Chromatographic Tests

Two chromatographic tests were conducted to ensure the column quality
of the ProPac WCX-10 column:

Isocratic Test (Figure 2)

e Prime purpose: to control resin packing process.
e Parameters of interest: backpressure, retention time, and efficiency.
e Sample: cytochrome C.

0.0060

Column: ProPac WCX-10 Analytical
(4 x 250 mm)
Eluent: 162.8 mM NaCl +
10.17 mM NaHPO, (pH = 6.5) 1
Flow Rate: 1.0 mL/min
Temperature: 25°C
Detection: Absorbance Detection using AD25
UV at 254 nm
AU | Inj. Volume: 10 L

Storage Solution:  Buffer A: 10 mM Na,HPO,,
pH =6.0 +0.1% NaN,

Peaks: 1. Cytochrome C, 0.125 mg/mL

-0.0005 T T T T 1
0

2 _ 8 10
Minutes
QA Results
Analyte Parameter Specification

Cytochrome C  Efficiency >=2250
Cytochrome C ~ Asymmetry 1017
Cytochrome C  Retention Time ~ 5.7-7.4
Pressure <=1760 26800

Figure 2. An isocratic test for the ProPac WCX-10 column.
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Gradient Test (Figure 3)

e Prime purpose: to control resin chemistry and polymerization
process.

e Parameters of interest: resolution and retention time.

e Sample: protein mixture of cytochrome C, ribonuclease A, and
lysozyme.

Column: ProPac WCX-10 (4 x 250 mm)

Flow Rate: 1.0 mL/min

Temperature: ~ 25°C

Detection: Absorbance Detection using AD25, UV at 254 nm

007 Inj. volume: ~ 10L
Storage Solution:N/A
Buffers: A) 10 mM Na,HPO,, (pH = 6.0 + 0.02)
B) 1002 mM NaCl in 10 mM Na,HPO,
(PH=6.0+0.02)
Buffer Gradient: Time %A %B
-05 100 0
0.0 100 0
135 68 32
Al 5 68 32
15.6 100 0 3
255 100 0
Peaks: 1. Cytochrome C 0.5 mg/mL
2. Ribonuclease A 0.5
-0.01 T T T 1
0 50 10.0 16.4
Minutes
QA Results
Analyte Parameter Specification
Lysozyme Efficiency >=236000
Lysozyme Asymmetry 1.0-34
Lysozyme Retention Time 13.40-15.60

Cytochrome C  Resolution (Cytochrome/Ribonuclease) >=6.30
26810

Figure 3. A gradient test for the ProPac WCX-10 column.

Parameters of the functional chromatographic tests described below are
used for reproducibility calculation:

*  Backpressure (Pr,)
e Efficiency (N,,)

* Retention time (RT )
* Retention time (RT, )
* Resolution (R)
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CONTROL CHARTS: PROPAC WCX-10
MANUFACTURING

A useful tool for visual evaluation of variation patterns in manufacturing
is a control chart. Figures 4—8 show the control charts for five
specification parameters of the ProPac WCX-10 column. The control
charts represent an average parameter value for a given lot over a period
of time. Each data point is an average of the test results of 3-5 columns.
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Figure 4. Control chart of backpressure: isocratic test of ProPac WCX-10
column.
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Figure 5. Control chart of cytochrome C efficiency: isocratic test of the
ProPac WCX-10 column.
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Figure 6. Control chart of cytochrome C retention time: isocratic test of
ProPac WCX-10 column.
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Figure 7. Control chart of lysozyme retention time: gradient test of
ProPac WCX-10 column.
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CALCULATION OF LOT-TO-LOT
REPRODUCIBILITY

Here, we present an example of the calculation of lot-to-lot reproduc-
ibility for the isocratic retention time (CytC) - RT_. The calculation is
based on historical data and ANOVA analysis.

Relative standard deviation (RSD) is a convenient way to describe lot-
to-lot reproducibility:

RSD, = (SD

lot

/Mean) * 100, %  (4)

where D, = (omf)v2

The mean can be calculated based on a statistical distribution (Figure 9)
for a given specification parameter — Mean( RT._) = 6.46 min.

is0

Anderson-Darling
Normality Test

A-Squared 1.19
Summary for Rt-iso P-Value < 0.005
T Mean 6.4603
StDev 0.3132
Variance 0.0981
Skewness 0.309417
Kurtosis -0.455827
N 330
Minimum 5.8500
1st Quartile 6.2075
Median 6.4400
B e I N e — 3rd Quartile 6.6925
Maximum 7.3000
95% Confidence Intervals 95% Confidence Interval
for Mean
. Mean g 6.4264 6.4942
. Median \ 95% Confidence Interval
. i : i 'I . for Median
6.40 6.42 6.44 6.46 6.48 6.50 | 6.4000 6.4800
95% Confidence Interval
for StDev
0.2910 0.3391

26816

Figure 8. Control chart of resolution: gradient test of ProPac WCX-10 column.

Figure 9. Statistical distribution: retention fime (isocratic).

To define SD, , a two-way classification ANOVA should be applied
(Table 2) — SD,, = 0.26 min.
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Source of Variance Variance Component % of Total SD
Lot-to-Lot 0.07 714 0.26
Column-to-Column 0.014 14.3 0.12
Error 0.014 143 0.12
Total 0.098 0.31

Using Formula 4: RSD, . (RT ) =(0.26/6.46) 100 = 4.1%

lot iso

Table 3 summarizes ProPac WCX-10 lot-to-lot reproducibility for all five
chromatographic parameters. As observed, RSD values are in a narrow
range, indicating high-quality manufacturing.

Table 3. Lot-to-Lot Reproducibility for ProPac WCX-10 Column

Parameter Mean SD RSD%
Backpressure (Pr.)) 1334 130 98
Retention time (RT. ) 6.46 0.265 41
Eficiency (N,) 3410 345 10.1
Retention time (RT, ) 14.4 0.33 23
Resolution (R ) 9.13 0.96 105
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CONSIDERATIONS FOR METHOD
DEVELOPMENT

Once lot-to-lot reproducibility for any column product is calculated,
it is important to evaluate the total column effect on analytical method
development. Some considerations should be implemented in the
development process:

e Any method development should be based on a column’s manufac-
turer specification and not on a particular column’s performance.

e [farelationship between the method characteristics (y.) and the col-
umn’s specification parameters (x,) could be established, Formula 5
can be written as follows:

Y= F(x,x,.... x) (5)

In this case, the method’s variance is defined as a function of Formula 5
below:

o= E (0 F/o X (6)

o |f the relationship (Formula 5) could not be established, it is advisable
to expect that the method’s variance (o 2 ) is equal to or higher than
the column’s reproducibility as shown below:

ofzmax[o ] (7)

CONCLUSIONS
e The methodology of column quality, in general, and lot-to-lot
reproducibility, in particular, is discussed.

e | ot-to-lot reproducibility for a chromatographic column is defined
in precise quantitative terms.

e Aneasy method to calculate column variance is demonstrated
based on ANOVA analysis.

e Anexample of the determination of lot-to-lot reproducibility is
presented for the ProPac WCX-10 column.

e |mportant considerations for chromatographic method development
are discussed in light of column characteristics.

ProPac is a registered trademark of Dionex Corporation.
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