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Two distinct sets of regulations

=» Pharmaceutical industry  : ICH (1995-1996)
International Conference on Harmonisation

« Texte ICH (Q2A & Q2B) : “terminology and methodology”

* FDA Bioanalytical Method Validation

=» Other areas : I1SO 5725, 17025, NCCLS, GUM

- 2002/657/EC (SANCO) Guide on performance of
analytical methods (09/2002)

> Guide SFSTP 2003: First attempt to harmonise
all approaches

2 Arlenda
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Pharmaceutical Industry
Validation of (bio)analytical methods

* Pharmacopeial Forum - current concept for the validation of
compendial assays (1986 + Current revision)

* Federal Code of Regulations - Guidelines for submitting
samples and analytical data for method evaluation (21CFR
10.90, 1987)

* Pharmacopeial Forum - Validation of compendial assays -
Guidelines (1988) USP XXI (1989) and XXII (1990)

* FDA:Center for Drug Evaluation and research - Validation of
chromatographic methods - Reviewer guidance (1994)

 [CH-Q2A /ICH-Q2B: Validation of analytical procedures :
definitions and terminology / methodology (1995)

* FDA - Analytical procedure and method validation (2000)
* FDA, Bioanalytical Method Validation (2001)

A Arlenda
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Other areas

 Note CEE (l1l-844-87, 1989)
* Groupe d'experts de la Pharmacopée Européenne

e 2002/657/EC (SANCO) Guide on performance of analytical
methods (09/2002)

e |SO 5725:Accuracy (trueness and precision) of measurement
methods and results

* [SO/IEC 17025:2005: General requirements for the competence
of testing and calibration laboratories

e GUM = NF ENV 13005.Guide pour I'incertitude de mesure

2 Arlenda

Arlenda European Academy 2006 6



Documents examined today

* |CH Q2A, Terminology and Definition, 1995

 |ICH Q2B, Methodology, 1996

 FDA, Bioanalytical method validation, May 2001

* [SO 5725:Accuracy (trueness and precision) of measurement
* |SO/IEC 17025:2005

e GUM=NF ENV 13005.Guide pour l'incertitude de mesure

Those documents are not harmonized

 SFSTP, Validation of quantitative analytical
procedure, Harmonization of approaches, May 2003

A Arlenda
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Validation Criteria: need a guide?

ICH ICH FDA 1SO SFSTP
Q2A Q2B May 2001 May 2003
Specificity Specificity Specificity Spec./Select. [FSpeciicity/Selectivity
Linearity | = —smemmeeeeem | smememeeeeeeeeee Response Linearity
------------- Linearity Response Function Function Response Function
Accuracy/Trueness | === | emmeeeeee Accuracy Accuracy
——————————————————— Accuracy Accuracy/Trueness| Trueness Trueness
Precision Precision Precision Precision
Repeatability Repeatability Intra-run Uncertainty Repeatability
Intermediate Precicion| Intermediate Precicion Inter-Batch Reproducibility [Fintermediate Precicion
Reproductibility Reproductibility Cross-Validation Reproductibility
LLOQ LLOQ LLOQ & ULOQ | LLOQ&ULOQ LLOQ & ULOQ
LOD LOD LOD LOD LOD
Arlenda
>\ Arlenda European Academy 2006 8




Spirit of regulatory documents
Method or results?

* |CH & FDA: “method should be validated for the inte nded
use or application.”

* |ICH & FDA: “The acceptability of analytical data
corresponds directly to the criteria used to valida te the
method.”

Paradoxically, ICH and FDA documents never mention the quality
of the results produced by analytical methods.

Criteria listed are about method performance.
Results are the very reason (intent of use) of an analytical method.

Only SFSTP clearly mention the results as objective of analytical
method and validation.

A Arlenda
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Spirit of regulatory documents
Method or results?

* |CH & FDA documents reasoning ( analyst point de vue):

“If the method is “good” then the results it will pr oduce will
be good”

 |SO & SFSTP documents reasoning ( customer point de
vue):

“What matters are the results. If results obtained are
“good”, then only a “good” method can produce them.”

The difference is subtle... and important. The decisio nis made
on the same criteria at the end, but in a different way.

A Arlenda
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Harmonization of the criteria

Linearity / Response function

Validation criteria
Specificity

Response function
Linearity

Trueness

Accuracy

Precision

Limit of detection (LOD)
Limit of quantitation

(LOQ)

other ...

Required linearity Not required linearity
4 A
Q
= -
5
3 2
o o
x|/
ey
Concentration Concentration
Linearity Response function
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Linearity

Linearity (ICH Q2A)
The linearity of an analvtical procedure is its ability (within a given

range) to obtaitest results Yvhpeb—ese—dicaatiiaianactianaliatan

concentration (amo analy

Required linearity

: 3 120
What is a test result ? = |
2\
22
? Q
Instrument response * s |5

or o
O S) 20
>

Concentration ? _
Amount ? ? Concentration
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Linearity

< signal? el
or
a result ?

What is a test data ?

Non required linearity

>

Signal
Response

should PBe evaluated O Concentration
RS a function of analyte'c

In some cases, to obtajN linearity between assays and sample

concentrations, th¢ test data Inay have to be subjected to a
mathematical transformmaton prior to the regression.

» Arlenda
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Linearity

Linearity (ICH Q2A)
The linearity of an_ans
range) to obtai
concentration (amoUgr

Confusion between linearity  and response functign

iIcal procedure is its ability (within a given
hich are directly proportional to the
Of analyte in the sample.

as a functiog of analyte concentration or content.

In some cases, to obtalN linearity between assays and sample
concentrations, th&test data hay have to be subjected to a
mathematical transformaton prior to the regression.

A Arlenda
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Linearity SFSTP 2003

e Linearity (of the results)
The linearity of an analytical procedure is its ability
within a definite range to obtain results directly
proportional to the concentrations (quantities) of the
analyte in the sample.
The linearity criteria must only be applied to the
results [calculated concentration = f(introduced
concentration)], not to the responses [signal = f
(introduced concentration)].

A Arlenda
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Response Function / Calibration Curve

* FDA May 2001 doesn’t content the word “Linearity”
anymore
“A calibration (standard) curve is the relationship
between instrument response and known
concentrations of the analyte.”

* “The simplest model that adequately describes the
concentration-response relationship should be used.
Selection of weighting and use of a complex
regression equation should be justified.”

A Arlenda
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Response Function / Calibration Curve

* FDA May 2001
“Microbiological and immunoassay standard curves
are inherently nonlinear....
The concentration-response relationship is most
often fitted to a 4- or 5-parameter logistic model,
although others may be used with suitable
validation.”

A Arlenda
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Response Function / Calibration Curve

e ICH
“In some cases, to@n linearity petween assays

and sample concentration$—fhe test data may have
to be subjected @athematlcal transformation
prior to the regression” o

Rather contradictory,

Some analytical procedures, such as immunoassays,
do not demonstrate linearity after any transformation.
In this case, the analytical response should be
described by an appropriate function of the
concentration (amount) of an analyte in a sample.”

A Arlenda
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Response Function / Calibration Curve

e SFSTP
“The response function can be linear (straight line),
but non-linear models, sometimes induced by the
detection method or by the wide concentration range,
can also be observed. The response function must
however be monotonous, i.e. strictly increasing or
decreasing.”

A Arlenda
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Linearity / Response function

A linear relationship COULD exist between the response
and the concentration but MUST exist between the result
(calculated concentration) and the introduced concentration

Linearity Response fonction
Linear function Non-linear function
A
(D)
= n
- c
7] o
(D) o
o O
i
> >
Concentration Concentration
A Arlenda
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Example with an ELISA assay

A nonLinear Signal ...gives
Response Function... Linear result

I 10 100 1000

A Arlenda
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What experiments for Standard curve?

ICH: “For the establishment of linearity, a minimum of five concentrations is
recommended. Other approaches should be justified.”

FDA: “The matri x-based standard curve should consist of a minimum of
six standard points,excluding blanks, using single or replicate samples.
The standard curve should cover the entire range of expected
concentrations.

> NOTE: Replicates are MORE important than the number of
levels. Without replicates impossible to judge adeq uacy of
a model.

2 Arlenda
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Accuracy, Trueness and Precision

Validation criteria
Specificity
Response function

Linearity | Accuracy - Precision - Trueness
Trueness B

Accuracy I :
Precision STAT.|
Limit of detection (LOD)
Limit of quantitation

(LOQ)

other ...

w0
O

0O
T
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Accuracy according to ICH

Accuracy (ICH Q2A) =1SO0 definition of accuracy

The accuracy of an analytical procedure expresses the
closeness of agreement between the value which is
accepted either as a conventional true value or an accepted
reference value and the value found .

Confusion between accuracy _and truenebs

Accuracy (ICH Q2B) =1SO definition of trueness
Recommended Data (4.3)

Accuracy should be reported as percent recovery by the
assay of known added amount of analyte in the sample or
as the difference between the mean and the accepted true

value together with the confidence intervals.

2 Arlenda

Arlenda European Academy 2006 24



Accuracy according to FDA

 Accuracy. The degree of closeness @
determined value to the nominal or kngtn true value
under prescribed conditions. This is~=Sometimes
termed trueness.[Contradictory]

e The accuracy_gf an analytical method describes the
closeness -@ est results obtained by the
method to the true value (concentration) of the
analyte.... The deviation of the mean from the true
value serves as the measure of accuracy.

>Same confusion as in ICH

A Arlenda
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Accuracy according to SFSTP

e Accuracy

The accuracy of an analytical procedure expresses the
closeness of agreement between the value found and
the value which is accepted either as a conventional
true value or an accepted reference value. The
closeness of agreement observed is the resultant of
the sum of the systematic and random errors; in other
terms, the total error linked to the result.
Consequently, the accuracy is the expression of the
sum of the trueness and precision.

2 Arlenda
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Trueness according to SFSTP

Trueness (bias)

The trueness of an analytical procedure expresses the closeness of
agreement between the mean value obtained from a series of
measurements and the value which is accepted either as a
conventional true value or an accepted reference value
(international standard, standard from a pharmacopoeia).

The measure of trueness Is generally expressed in terms of
recovery and of absolute or relative bias (systematic error). It
must again be noted that the trueness was also called
“accuracy” or “accuracy of the mean”. Nevertheless, this use is
not recommended

A Arlenda

Arlenda European Academy 2006 R/



Precision according to SFSTP

* Precision

“The precision of an analytical procedure expresses the
closeness of agreement (dispersion level, relative
standard deviation) between a series of
measurements obtained from multiple sampling of
the same homogeneous sample (independent
essays) under the prescribed conditions.

It gives some information on random errors and it can
be evaluated at three levels: repeatabillity,
Intermediate precision (within laboratory) and
reproducibility (between laboratories).”

A Arlenda

Arlenda European Academy 2006 28



Precision according to ICH Q2A

e “The precision of an analytical procedure expresses
the closeness of agreement (degree of scatter)
between a series of measurements obtained from
multiple sampling of the same homogeneous sample
under the prescribed conditions.

Precision may be considered at three levels:
repeatabllity, intermediate precision and
reproducibility.”

> Same definition in FDA

A Arlenda
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Precision according to FDA

B Ul

FDA: “Precision is further subdivided into within-run, intra-batch
precision or repeatability, which assesses precision during a
single analytical run, and between-run, interbatch precision or
repeatability, which measures precision with time, and may
involve different analysts, equipment, reagents, and
laboratories.”

— Refers to within/between runs/batches instead of repeatability
and intermediate precision

—> Use twice repeatability for within and between runs/batches

2 Arlenda
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Reporting Precision according to ICH
Q2B

“The standard deviation, relative standard deviation (coefficient of
variation), and confidence interval should be reported for each
type of precision investigated.”

—> Confidence interval OF repeatability and intermediate
precision?
- Rather difficult to obtain and useless
— Or Confidence Interval USING repeatability and intermediate
precision
- Make greater sense.

- Suggested by FDA: “A confidence interval approach yielding
comparable accuracy and precision is an appropriate alternative.”

A Arlenda
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Uncertainty

e Type Uncertainty u(xi):

= Uncertainty of the result of a measurement process expressed by
a standard deviation.

 Composed Uncertainty uc(y):

U (73 %,0)) = [ Zu(p,3,)

s X1,X2,...,Xn being independents variables or noise sources

e Expanded Uncertainty U:

= Uncertainty around a measure with a fixed confidence level.
U= k* uc(y)

m Kk: expansion factor depending on the level

A Arlenda
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How to quantify the Uncertainty

e 2. Estimer | 'incertitude en utilisant une analyse inter-laboratoire
( AOAC ou ISO 5725, GUM).
+ - fidélité (répétabilité, fidélité intermeédiaire, reproductibilité)
+ -, Justesse (bias)
= évaluer les sources d 'incertitudes [ test inter-laboratoire
(prélevement, pré-traitement, homogeénéisation, stabilité,...)

e 2bis. Estimer | ’incertitude sur une méthode validée en interne
(GUM).
Comment?
s - Estimation de la fidélité totale disponible (par ex : QC analysé
plusieurs fois sur une période de temps, avec opérateurs et

instruments différents ou écart-type obtenu a partir de répetitions
sur differents échantillons )

A Arlenda
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Fundamental differences between
ICH, FDA, SFSTP and ISO definitions

Criterion

Statistics Total error = bias + std deviation

Total error =
Systematic error + random error
SFESTP/ISO]  Accuracy = Trueness + precision

= total error

ICH/FDA Accuracy = trueness ?
Accuracy ? = accuracy + precision
Total error =7
i Arlenda 34
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Objective of an analytical method

A Arlenda
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Results from various archers

Al

° °
oo:‘o
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Which archer to select?

A8

° °
° o..'.o

What decision are we taking ... ?
2 Arlenda =
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Objective of analytical method

The objective of an analytical procedure is to be able to
determine as accurately as possible each of the unknown
guantity that the laboratory will have to quantify.

X o ur
X = measured value U= true unknown value
or result
A Arlenda
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Objective of validation

The objective of validation _Is to give to
the laboratory as well as to the regulatory
bodies guarantees that every single
measure that will be performed in routine
will be close enough to the unknown

« true value » of the sample.

A Arlenda
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Objective of validation

Close enough means that the difference between
lue » will be

I‘X—Iu]:/‘</]

A = acceptance limit, that is fixed a priori
(for example 15%).

A Arlenda

Arlenda European Academy 2006 41



Objective of validation

Guarantee means that it is very likely that |

the result will@e close endhigh to the unknown

«true value».

PrﬂX—,;T‘ <)]z a

4’ = minimum ﬂrobability that a result
will fall within acceptance limits

1-a = a priori maximal risk

A Arlenda
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How to make the decision ?

A4

3 Arlenda @ © © ®

Arlenda European Academy 2006
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Decision based on the Null Hypothesis

'A: HO:u,, =0
AN ] / / - Rule :
T 6 0% The procedure is declared
} as accurate when the 95 %
confidence limits of the
@ © 6 mean bias include the 0 %

value.

Conclusions
The procedures 4 and 5 are thus « accurate »

The greater the variance, the less precise the method, the more

likely it is that the confidence interval contains the 0 % value
A Arlenda
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Decision rule

Lo Solution
@ 'A% : To fix acceptance limits
) T E according
1 / / _ to the intended use of the
i } ¢ 0% procedure (ex: A =5%)
-/
Question
© 0 © What decision?
What acceptance limit ?
Conclusions _: What risk?
The procedures 4 and 6
are valid
o
% Arlenda Arlenda European Academy 2006 45



Decision based on the probabillity...

Ad

<X ﬂT|<AD
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Decision based on the probabillity...

@_MM]Sﬁ In orderlto minimize

the risk
2 Arlenda ® © %
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Decision In regulatory documents?

e |ICH:
“...confirming that the analytical procedure
provides an acceptable degree of linearity,
accuracy, and precision when applied to samples
containing amounts of analyte within or at the
extremes of the specified range of the analytical
procedure.”

No recommendation for Decision in ICH

A Arlenda

Arlenda European Academy 2006 48



Decision In regulatory documents?

FDA Bioanalytical Methods:
“The mean value should be within 15% of the actual value except
at LLOQ, where it should not deviate by more than 20%

Method

The precision determined at each concentration level should not
exceed 15% of the coefficient of variation (CV) except for the LLOQ

Mean<15% & Precision <15% -THEN- Results in [-15%,15%]?

At least 67% (4 out of 6) of QC samples should be within 15% of
their respective nominal value

Matrix-based standard calibration samples: 75%, or a minimum of
six standards, when back-calculated (including ULOQ) should fall
within £15%, except for LLOQ, when it should be +20% of the
nominal value.

2 Arlenda

Results
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Targets / Archers

E / / .‘
- é [ 4 ® ° 0/ °
@)
= >
g £

>

Mean<15% & Precision <15% -THEN- Results in [-15%,15%]?

A8

A6

Results
Results >
‘w
‘:E
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Total Error or Measurement Error concept

Results

Variabilly
AN
@
<
N
|_\
(7)) D
%0 S
N 5 (-
NV OX
D

2 Arlenda
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Why it does NOT work?

3. ACCURACY ICH, Q2A
The accuracy of an analytical procedure expresses the closeness of agreement
between the value which is accepted either as a conventin
accepted reference value and(the value found;

PR

x; = Up + Bias + Precision

I

x; — U =Bias + Precision

= Accuracy
=Total Error

= Measurement Error

A Arlenda

Arlenda European Academy 2006 b2



Total or Measurement Error

Random Error or
variability or
Precision

2 Arlenda
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Total or Measurement Error

M

e =

X; — U= + Ranhdom Error

= Measure
3. ACCURACY ICH’ QZA‘

The accuracy of an analytical procedure expresses the closeness of agreement
between the value which is accepted either as a conventional true value or an
accepted reference value and the value found.

D Walll AL -
R S s Arlenda European Academy 2006 54



Total or Measurement Error

907

B0

N =71 -
= — —
nnn on oo

=
=
P T T S T

% Relaotive Error

(]
=

107

[+ 0o 00 oo Qoo

[«] Gh O GBS ah O

o
=
2]
=]
;

oo 0 oo

a0

D:I T T R =

Neminol Cencenlrolicn

1 10 | - }60
A Arlenoa

Arlenda European Academy 2006

I
1000

bo



Measurement Error for Decision

Results Method

A Arlenda
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Preliminary conclusions

1. “Good” Methods do NOT provide necessarily
“good” results

2. “Good” results can only be obtained with
“good” methods

Make a decision on the results, the very reason
of an analytical guantitative method.

This way, it will guarantee your method is valid
HOW?

i Arlenda
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The objective of validation becomes...

The objective of the validation phase is to
evaluate whether, given the estimates of bias
and precision, the expected proportion of
measures that will fall within the acceptance

limits Is greater than a predefined proportion,
say [3, I.e.:

Eﬂﬁ{P"X - ur| </|z B

Estimated performance

A Arlenda
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However ...

There exist no exact solution for:
Ep,&{P’IX — Hr| < A]'[’M»&M}Z B

An easy alternative to make a decision, as proposed
by other authors, is to compute the

B-expectation tolerance interval (vee, 1984):
E[JM,é'M{PX!laM _kOA-M < A& ﬂM +k0A-M‘I[IM9OA-M]} = ,8

where k is determined so that the expected proportion of the
population falling within the interval is equal to f3.

A Arlenda
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Decision In validation

If 3=a and if the
B-expectation tolerance interval is
iIncluded within the acceptance limits,
then the expected proportion of o
measurements within the acceptance
limits is greater or equal to 3, i.e. the

method is accepted at level (3.
if  f 0 AT W ceeese o afSEEOEE

[y —kGpg > =2
Jand = E[I,&{Phxi—,UT‘<A]|,£IM,OA'M}Z,8:O’
f’M +koy <+A

A Arlenda
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Tolerance or Confidence intervals ?

Confidence Interval
= Description of results obtained in the past
experiments
- Centered on the mean/bias
= Mean +- kSD

Tolerance Interval
= Prediction of results to be obtained in future
experiments
- take into account the uncertainty of the mean
~ Mean +- k( SD + SDmean)

A Arlenda
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What value for Acceptance Limits?

FDA Bioanalytical Methods:
“The mean value should be within 15% of the actual value except

-8 at LLOQ, where it should not deviate by more than 20%

-

[5] The precision determined at each concentration level should not

> exceed 15% of the coefficient of variation (CV) except for the LLOQ
=

Remember, the intent of the text was:

Mean<15% & Precision <15% => Results in [-15%,15%]

N4 At least 67% (4 out of 6) of QC samples should be within 15% of
their respective nominal value

Matrix-based standard calibration samples: 75%, or a minimum of
six standards, when back-calculated (including ULOQ) should fall
within +15%, except for LLOQ, when it should be +20% of the
nominal value.

2 Arlenda

Results

Arlenda European Academy 2006 63



What value for Acceptance Limits ?

Define the acceptance limits
= ONn the results
s based on the intended use of the results

x NOT based on the method
The results are used, not the method.....

= On the risk it may constitutes for customer and
laboratory

A Arlenda
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Decision, a conclusion

0 Expected Proportion of results within Acceptance
limits (3) should be > 80% to guarantee that at least
90% of the runs (y) will be accepted with the 4-6-A
rule.

B=80% = §=90%

0 Taking 3 = 80% makes validation and routine
decision rules consistent.

A Arlenda
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Decision tool : accuracy profile

Validation experiments

bias - | Intermediate precisior Total
: A otal error
bias; =, - X; [4 UW]+(7 _‘

Bias 4
£ | EL a{ < /1]/ 1,0 > It}
\\L
% 0 lm—==== .= } > T(?leranCe inter_val
- with a known risk

TLB — ()—(c ] X_)iKSP )100
X

| = acceptance limits
For example 5 %

Conc. levels ‘

A Arlenda
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Decision tool : accuracy profile

Felative Bias (%)
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70

Accuracy Profile

X bias(%) = k CV(%)

------

...........

Expected proportion of the
results population within
the interval

0

50 100 150 200 250 300 350 400 450 500
Concentration (no/fml
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Decision tool : accuracy profile
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A flexible alternative: Risk profile

Felative Bias (%)

Accuracy Profile

T

-

0

100 200 300 400 500 600 700 800 900 1000

Concentration {ng/mL)

T

Be more flexible with the risk,
not with the acceptance limits.

A Arlenda
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Conclusions

1. The focus should be on the accuracy (measurement
error) of results provided by the method.

If the results are « good » then is the method and
criteria are fullfilled.

Acceptance limits for accuracy of results must be
based on the use of the data.

Be conscious of the risks

Make validation decision and routine decision
consistent

Ny

O1 S

A Arlenda
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Validation : Example 1

Determination of ethanol,in plasma by Head-

space/GC/FID
counts ] l %
250000 - |
] ¥
; .
20000{3—‘ ?f
: 8
150000 o
- e, §.-
z 514 °
50000 p E S
I 3 |
I ‘ ﬂ\ Lﬂt i i ‘r ll
0 I | 1 1
0 i éll Eli 8 10 12 min
"‘\
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Validation : Example 1

Accuracy Profile

: ) Linear regression
Ethanol | legal value : 0.5 g/ Y=bX+a
¢ l: e - Accuracy Profile
iE 0 \\ ',..r‘"-- - 20
g K -
g - " _,.-""
o =10 __,' . ,”#
<15 L ff’
-20 ," . 1‘
I e i g s i e .
-30 ," n.: | — __ -
- ? : m : _.;; <] e _,..--"'"" |
- 2 Szmr.-?ﬂl!:::rnn (r;;j'u o \ ’__,.,.--""" .
: : St
Linear regression e / ,
« through 0 » o
=30

Y — bX 250 500 750 T 1250 1500 1750 2000
I I concentration (mo/L)
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Validation : Example 1

Trueness
Concentration Mean Mean back- Absolute || Relative ||Recovery
Ij?éeéi(éuraﬁ) introduced calculated bias bias (%) (%)
concentration concentration (mg/L)

Concentration (mﬂl{eiém intqoduc&]1 97t) Repeatability Intermediate
|ACERERY/) [ “gasertrarion (maghhy (F50%ds, || Pepsiden (%5

|

Eration iced 1Dlbdta-expectation || -RaHTEIVe BRIHS
ne conc gn* tolerange imit tati
it 0 45»8.% (m“/ti.515 tw@mhnﬁ-@%)

| 20479.377748.5

‘r 520 200020610 205q 179.4* 8.2 || 2[516.31P1 835
320 500. [471.118%5.8] || [-5.788.17]
4.0 800.0 [ 787.8 , 851.7] .52 6]
5.0 2000 [ 1981, 2120] [-0.97 , 5.99]

2 Arlenda
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Validation : Exemple 1

Linearity

Linear Relationship

2

g

1600 1

1400

12004

g

fO0

Back calcularzd concemtration imga/L)
o
=S

200

250 T 758 1000 1250 1500
Imtroduced concentration (mg/fL)

Y =-10.65 + 1.031 X

2 Arlenda
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Example 2

Determination of cineol in an ointment by gaz
chromatography after LLE

J1

7
150

—50
/4}HH\/ A

A

100

J2

7
150

A

100

—50
/4}HH\/ A

J3

7
150

A

100

—50
/4}HH\/ A

50

Calibration standards

A Arlenda
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Example 2

gsponse (area ratic
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Example 3

Determination of loperamide in human plasma by
liquid chromatography coupled to tandem mass
spectrometry

A Arlenda

Arlenda European Academy 2006
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Example 3

signal
1

ole

'g,\‘

Dosing range

B : Calibration standards

A Arlenoa

TJ.

]
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SR ey Setins.

Example 3

Accuracy Profile
16 §
AN . :
D Linear Regression
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Example 4 : Quality contol

Determination of buprenorphine and its N-
dealkylated metabolite norbuprenorphine in human
plasma by liquid chromatography coupled to tandem
mass spectrometry

A Arlenda

Arlenda European Academy 2006
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Example 4 : Quality contol

18,
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Agenda

O1 e

6.

Objective of analytical Method and objective of
validation

Validation Criteria in regulatory documents
1. Pharmaceutical industry
2. 1Other areas

The only statistics you need: make simple
Practically, from the experiments to the report.

Demonstration
1. E-noval
2. Seelva

Conclusion

A Arlenda

Latserwtary B3 asbane Arlenda European Academy 2006
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Design for criteria assessment

e Golden rule 1: “All in One” design is recommended.
= Statistically more powerful
= Less expensive, shorter in time
= Use nested designs (runs, reps per runs)
= All criteria assessed in one experiment

e Golden rule 2: “simulate” routine practice.
» Factors used should reflect routine practice

s Calibration & levels as in routine
s Same sources of variation

A Arlenda
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“All In One” design

Series 1

Series 2

Series 3

Calibration
Standards

I Validation
Standards

Conc

» Arlenda

Arlenda European Academy 2006
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“All In One” design

Series 1

Series 2

Series 3

Calibration
Standards

I Validation
Standards

conc

A Arlenda
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“All In One” design

Series Series 2 Series 3

R A A A Calibration
Standards

without matrix

Calibration

Standards

within matrix
> > >

> > >
A A A
=] 5] o
_E : -
I I I Validation
Standards
=] s 5] =]
- - -
> > -
Conc

A Arlenda
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“All In One” design

signal

ole

'g,\‘

Dosing range

B : Calibration standards

A Arlenoa

e

Arlenda European Academy 2006
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“All In One” design, Minimum sample
size

PROTOCOL
' V1 V2 V3 2! V5
Standards Concentration
evels
Low 2 P
CS. Calibration out Mid 2 (2) 2 (2)
Matrix
High ) 2 ) 2
ow 2 2
- Mid 2 ) (2)
CS. Calibration in
Matrix High (2) 2 2
Additional (2)
Sl [ ow 3 3 3 3 3
I\/S. Va!ldanon i 3 3 : = =
n matrix High 3 z = = 3
Minimum Number of series 3 3 3 3 3
Total Number of experiments (minimum) 33 45 39 63 45

A Arlenda
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“All In One” design, Nested Design

SERIES

Day 1 1 2 2 S 3
Operator A B A B A

Example of experimental conditions for estimating the
intermediate precision.

=> The routine sources of variation should be varied from
one series to the other using adequate DOE.

A Arlenda
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“All in One” design

Nested Design Optimal Sample Size

%RSD W 1% 2% 3% 4% 5%
%RSD B | J | J | J | J | J
1999 4 3 4o 43 dea3 4 4 Y
ot S Bl 3 5 4 6 7
290 54 S 4 3 4 3 4 6 8 9
T3 vkl o3 5 6 9 7
3% W4 4 6 5 6 7 10 -
) " 58 6 5 8 9
4/ e () 9 8 - = -
8 10 6

Table showing the minimal sample size,i.e. number o
per run (J) required when dealing with acceptance |
various a priori values of within-run (%RSD W) and

(%RSD B). This table has been computed by simulati

potential small bias of 2%.

f runs (I) and replicates
imits [-10%, +10%] for
between-run variances

on, assuming a

Arlenda European Academy 2006
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The results

Calibration Standards

Conc. Seriel Serie2 Serie3
25,3533 0,0485 0,0358 0,0449
25,3533 0,0448 0,0402 0,0415
48,2417 0,0959 0,1025 0,0987 ; :
48,2417 0,0870 0,0993 0,0892 Valldatlon Standards
96,4833 0,1974 0,2046 0,2036 Conc. Seriel Serie2 Serie3
96,4833 0,2057 0,1996 0,2082)™ 253533 0,0439 0,0371 0,0444
223,8496 0,5589 0,5371 0,5095 25 3533 0,0488 0,0422 0,0457
223,8496 0,5667 0,5066 0,5756 25,3533 0,0480 0,0461 0,0502
437,8235 1,1041 0,9963 1,1725 25,3533 0,0484 0,0448 0,0474
437,8235 1,0961 1,0568 1,1772 48,2417 0,0949 0,0922 0,0956
964,8333 2,3960 2,2877 2,4528 48,2417 0,0926 0,0916 0,1023
964,8333 2,3861 2,2500 2,3147 48,2417 0,0887 0,0854 0,1007
48,2417 0,1015 0,0918 0,1092
437,8235 0,9873 0,9718 1,0392
437,8235 1,0136 1,0322 1,1132
437,8235 1,0288 1,0342 1,1419
437,8235 1,0173 1,0319 1,0751
838,6479 2,0220 1,9252 2,1271
838,6479 1,9901 2,0284 2,2127
838,6479 2,0937 2,0127 2,2699
>\ Arl E n d a 838,6479 2,0189 2,0273 2,2546
Arlenda European Academy 2006 Pl




Response Function
Fit by Series

Serie Series_1
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Response Function
Parameters estimates

Model fitted Y=a+bX+¢

Intercept|| Slope r> ||Residual d.f.

Series_1 || -1.932E-02 ||2.510E-03 || 0.9996 10
Series 2 || -1.758E-02 ||2.373E-03 || 0.9995 10
Series 3| -1.386E-02 || 2.520E-03 || 0.9963 10

r2 = coefficient of determination; d.f. = degrees of freedom

Other Models can be envisaged

Model type Equation Parameters
Through the origin Y =pX B
Linear Y=a+pBX a,
Quadratic Y=a+pX +)X° a, By

2 Arlenda

Arlenda European Academy 2006



Response Function
Transformations

* Transformations of the data (X & Y) often improve the
guality of the results.

e Logarithmic (Base 10) and Square Root are most
often used

* Permitted by regulatory documents
e Only with Linear Model!

Log(Ratio) = a + / Log(Concen tration)

JRatio = a + B+/Concentrat ion

Arlenda European Academy 2006
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Response Function
Weighting

* The weighting of the data often improve the quality of
the results.

* Recommanded strategy: weighting as a function of
the X (conc., Amount)

* Permitted by regulatory documents

W,

1
x Tt o xr T xo
A Arlenda
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Response Function
Models available

Some classical Linear Models are available
Linear regression through O using highest Level
Linear regression through 0 using a specified level
Linear regression

Weighted linear regression

Linear regression after (base 10) LOGARITHM transformation of both
concentration and response

Linear regression after SQUARE ROOT transformation of both
concentration and response

Quadratic regression
Weighted quadratic regression

R (O

&

S

i Arlenda
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Back Calculate the Results ‘

e After a model has been fitted to the data by series.
Keep the same model!

 Calculate the back calculate Concentrations/amounts
using the inverse relation.

* Using the estimated parameters.

A Arlenda
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Compute the Trueness ‘

* By of concentration/amount compute the
average concentration /amount back calculated.

1 p
M= p szijk,calc
i=1 k=1
Z”ij
i=1

 Compute the various biais, = i, ~ X ,
Trueness representations

M, =X

biais(%), =100x

X

X

Recovery(%), =100x

J.

A Arlenda
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Trueness - Summary

Concentration Mean introduced Mean back-calculated Absolute Relative || Recovery
level (ng/mL) concentration concentration (ng/mL) |[bias (ng/mL)|| bias (%) (%)
(ng/mL)
25.4 25.35 25.33 -2.016E-02 -7.950E-02 99.92
48.2 48.24 45.57 -2.669 -5.533 94.47
437.8 437.8 428.6 9.192 2.099 97.90
838.6 838.6 850.4 11.77 1.404 101.4

i Arlenda
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Precision - Summary

* Repeatability Variance:
* Intermediate Precision

A2
JW,j

A2 A2
Oy, t03,;

Variance:
Concentration level || Mean introduced concentration Repeatability Intermediate precision
(ng/mL) (ng/mL) (RSD%) (RSD%)
254 2538 4.897 6.352
48.2 48.24 3.701 3.701
437.8 437.8 3.035 4414
838.6 838.6 2.563 4.622
A Arlenda
} Arlenda European Academy 2006 100




Uncertainty and « [-expectation tolerance
Interval »

: | T 2
Uncertainty u(¥)* = s; + u(0)
-expectation tolerance variance SO ) 2, 5
Frexp Or, =Sy Tu (0)
So

Expanded Uncertainty U

Semi-Length of 3-expectation tolerance Interval

A Arlenda
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Uncertainty - Summary

Concentration || Mean introduced || Uncertainty of || Uncertainty Expanded Relative
level (ng/mL) concentration the bias (ng/mL) Uncertainty Expanded
(ng/mL) (ng/mL) (ng/mL) Uncertainty (%)
25.4 2335 0.6921 #7753 3.506 13.83
48.2 48.24 0.5154 1.858 3.716 7.704
437.8 437.8 8.966 21.31 42.61 9.732
838.6 838.6 19.63 43.45 86.90 10.36
ﬁ . 102

Arlenda European Academy 2006




Accuracy Summary

Accuracy Summary Table with Beta-expectation Confidence limits

expressed:
1. In absolute Bias
2. In relative Bias.
3. By Concentration Level

Concentration level Mean introduced beta-expectation Relative Beta-expectation
(ng/mL) concentration* (ng/mL) tolerance limit (ng/mL) tolerance limit (%)
254 2SS [22.79,27.87] [-10.10, 9.940]
482 48.24 [43.03,48.11] [-10.80 , -0.2704]
437.8 437.8 [396.7 ,460.6] [-9.404 , 5.205]
838.6 838.6 [ 781.0,919.8] [-6.870,9.677]

2 Arlenda
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Graph the Accuracy Profile

e |n Relative error

Accuracy Profile
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Graph the Accuracy Profile

Back calculated concentration (ng/mlL)

2 Arlenda

In Absolute value

Linear Profile
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The Limits of Quantitations

* Intersection Between Acceptance Limits and
Confidence Limits |
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Choice of Best
Calibration Model

Compare the Accuracy profiles obtained by the various calibration
models. The Accuracy profile reflects the behavior of the
procedure with respect to the objectives.

Select the Model that gives the best results.

Accuracy Profile
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Decision Process

Accuracy Profile
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Decision Process

Accuracy Profile Accuracy Profile
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Arlenda

Relative Bias ()

Relativz Bias ()

Relativz Bias ()

Choice of Best
Calibration Model

Accuracy Profile
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Criteria For selecting
the Best Model

* Three Criteria to envisage:
- Precision Area
- Range
- Bias (SSB)

Accuracy Profile

"& .
EE Ej‘\: Area :
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'r‘: Arl e n d a Concentration {ng/mL)
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Accuracy Index for selecting
Calibration in or out of Matrix

Accuracy Profile Accuracy Profile
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In this example there is no difference in Accuracy
=> Use the easiest method

2 Arlenda
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Advantages

e Decision = Objective

e Error rate controlled by the user

e Maximum Likelihood Estimates

* LOQ estimated with accuracy profile

A Arlenda
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Linearity

* The linearity of an analytical method is the ability within a
definite range to obtain results directly proportional to the
concentration (quantity) of the analyte in the sample.

* Alinear regression model is fitted on the back-calculated
concentrations as a function of the introduced concentrations.

Linear Relationship
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Many thanks for your attention.

And now a demonstration of our industrial solutions:

z e ® n Dva I for physico-chemical methods

% Seelvs

for ligand-binding assays

A Arlenda
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