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Abstract

The performance of the equivalence test in the context of analytical method transfers was investigated by means of a simulation study. Al
ISPE design proposal and typical error contributions for pharmaceutical routine control have been used for the testing of accuracy. Acceptabl
results (probability of a correct decision) have been obtained here. For total variations above 0.4% R.S.D. the basic design was not sufficien
An overview for the number of additional series needed corresponding to higher variations has been developed based on further simulation
An alternative approach may be the choice of wider acceptance criteria, which was also evaluated.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction but the probability for this case as well as the risk, that an
inappropriate transfer is accepted, depends on the statistical
1.1. Shortcomings of classical approaches compared to test used. The latter risk is the more important one. It should
the equivalence test be strictly controlled because its consequence would be
release/reject decisions based on an inadequate performance
The success of an analytical method transfer for phar- of the method in pharmaceutical routine control.
maceutical routine control is tested by comparing statistical ~ For the evaluation of the performance of a statistical test
results such as means or standard deviations (here onlyoth risks have to be considered. The classical approach
the means are discussed) of the participating laboratories(t-test) is only capable of controlling the risk of wrongly
obtained after analyzing samples of the same substanceaejecting a transfer with an a priori known probability. There-
[1,2]. If the test results suggest the rejection of a method fore a probability valuer is chosen. The risk of accepting an
transfer, there are two possibilities: the correct rejection of inappropriate transfer is only accessible for each special case
an inappropriate transfer as well as rejecting a good methodbut not in general. It is evident, that the equivalence test con-
transfer. The decision has to be made without the knowledgetrols this more important risk of passing a bad transfer with an
of the true situation. On the other hand, if the results suggesta priori chosen error probability. This feature is the advantage
accepting a method transfer, there are again two underlyingof the equivalence test, which makes it the more suitable test
possibilities connected to this decision. First, the decision for method transfer situations [3,4]. In order to gain infor-
to accept the transfer is correct. This is certainly desirable, mation of the probabilities of the risks connected to the test
situations, simulation studies have been carried out, in which
* Corresponding author. Tel.: +49 531 391 2764; fax: +49 531 391 2799, Virtual transfer situations with known true bias have been
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1.2. ISPE design Therefore, data sets have been generated according to the
first approach. An a priori known error structure was used,
The International Society of Pharmaceutical Engineering considering nine distinct executions of the method for each
(ISPE) is a global, not-for-profit membership organization analyst (Fig. 1).
that provides education, training, and technical publications
to Life Science professionals, including topics of general in-
terest about quality assurance. 2. Test procedure
An ISPE design proposal for assays of active pharmaceu-
tical ingredients was used. The guide recommends: “that at2.1. Assumptions
least two analysts at each laboratory should independently
analyse three sample lots in triplicate; resulting in three dis-  In afirst step the following assumptions have been made:
tinct executions of the method” [1]. The criterion for the per- the observed error contributions are independent from each
formance of the equivalence test was the probability to acceptother, both laboratories have the same error structure, the ac-
the analytical method transfer, in the case of an acceptablyceptance criteria for the upper and lower limit of the equiva-
small bias. lence test were set to typically values52% and the error
According to this design two approaches are thinkable. probability « (one-sided) was chosen to be 0.05 (see Sec-
First, one could understand the term sample lot as sampletion 2.3). To get a first idea about the performance of the
Then just three different samples are drawn and each is analequivalence test under these conditions a typical transfer sit-
ysed in triplicate. The variability between the three samples uation was simulated. For the specific error terms connected
can be considered as being very small in this case. This pro-to the application of the method the values 0.3% (R.S.D.) for
cedure thus corresponds to a nine-fold application of the system precisiohsys and 0.6% for sample preparatiégp
method. Consequently only the variation due to the differ- have been chosen, which have been evaluated as of a typical
ent laboratories is taken into account. magnitude for LC assays [5]. The variation caused by the
The second understanding considers the term sample lotanalystssay was initially set to 0.3% and varied later (see
as sample from a different batch. Using this interpretation, Section 4). The equivalence test uses the arising mean values
it can be tested if the method is suitable in different labora- of the analysts as single values. Therefore the performance of
tories even if the impurity profile slightly differs. Put dif- the equivalence test is observed with respect to the standard
ferently, the selectivity of a method and its robustness is deviation of the means of the analysts,, and an a priori
retested. known bias. Applying the above mentioned individual error
If all analysts analyse the same three batches, then thevalues according to Eq. (1) yields 0.37% &a,, :
amount of additional uncertainty between the batches does
notinfluence the overall probability to accept the equivalence .. 2 a%YS + c%p > 0.6 +0.3?
test. However, if the batch variability found differs between v = |/ 9AN + 9 =\/03+ 9
=0.37 @)

the laboratories this cannot be detected without additional
measures if the means are identical, e.g. considering batch
means of 97, 100 and 103 in one lab and 99, 100 and 101Note, that different individual error values yielding the same
in the other one. Note, that for the second approach neithersy,, have equal probabilities according to the equivalence
the use of a pairetitest nor the simultaneous testing of the test.

three batches is suitable, because then the analyst is not an

independent error component anymore, leading to correlated2.2. Simulation

results.
First, a basic population according to the above mentioned
[ distinct execution of the method 1 error structure was generated, providing 2000 mean values
- sample l"”“‘(’ft‘,m: Sxeauton °£:‘° ‘“°$°j 2 for each laboratory. Every single result of the basic popu-
— distinct execution ol the methoa . . . .
lation was affected by the relative standard deviation of the
- distinct exceution of the method 1 execution of the method (system precision and sample prepa-
analyst 1—— sample lot 2 —— distinct execution of the method 2 ration) and the analysts like described above (See Flg 1)
— distinct execution of the method 3 - . . . )
Then a specified bias of 0 or 1% was integrated between both
r— distinct execution of the method 1 laboratories (for clearness only two bias-steps are shown).
laboratory — sample lot 3 = distinct exceution of the method 2 Note that a bias of 2% would be at the limit of acceptance
— distinct execution of the method 3

and would provide a probability of 5% to accept the method

transfer (corresponding to the chosen0.05 of the test, see
analyst2 .. Flg 2)

Fig. 1. Basic error structure within a laboratory according to the ISPE de- Thenthe equivalence testwas performed (See Section 2‘3)

sign. An analyst independently performs three methods (including sample USINg two mean values per site resulting in 2000 tests. The
preparation and measurement) using three sample lots. relation of the accepted tests to the number of all performed
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30 - The ISPE recommendations are often interpreted, that
three different batches should be used in a method trans-
fer investigation. However, as already mentioned in Section
1.2, the paired-test and the simultaneously testing of three
batches are not suitable for this approach, because the analyst
is not an independent error source and therefore correlation
is produced.

The extent of correlation and its effect on the results si-
multaneously testing three batches was studied. A simulation
; ‘ : : : : with 6an = 0.3%, osp = 0.6%, osys = 0.3% and a bias of
3.0 2.0 -1.0 0.0 1.0 2.0 3.0 2% lead to a probability of accepting the equivalence test

Bias of 9%. Hence the equivalence test is not able to control the
risk of passing a bad transfer to 5%. Moreover, the use of a
pairedt-test for this approach was investigated. The values
8AN = 0.5%, 83p = 0.6%, 83\(3 = 0.3% and a bias of 2%
tests was the probability to correctly accept the transfer. Thesehave been implemented in a further simulation. The result
probability values should be understood with an uncertainty was a probability of accepting the test of 19%, which is quite

Power

Fig. 2. The principal course of the power against a bias between two labora-
tories. The power at the limit of acceptance (bias =2.0) is controlled to 5%.

of £0.5. higher as the required 5%, too.
Therefore the initial simulation was performed consider-
2.3. Equivalence test ing only one batch and two analysts for each laboratory. The

considerations of Section 2.1 have been applied resulting in
The percentage 90%-confidence interval of the equiva- @ variation of the analysts of 0.37%. The arrow (a) in Fig. 3
lence test is consisting of a lower lin@y_and an upper limit ~ marks this opening result.
Cu. Each limit is using a one-sided 95%-confidence interval A probability of 89% to correctly accept such a transfer

and it is calculated by Eq. (2) [6]: was found to be adequate assuming an error amount of 0.3%
— for the analysts and no bias. In such a situation this design

CL =100 K ) (ta 21-2)0) ] , proposal is suitable. The probability to accept a transfer with
X2

a bias of 1% (arrow (b)) is always lower due to the smaller dis-

X1\ (to@2d) ) tance to the limit of acceptance (see Fig. 2). For the situation,
Cu =100 € 1| with wheresz,, = 0.62% (applying Eq. (1) wittban = 0.58%)
one can see a clear decrease of the probability (50%). This
2 1 5 shows, that this design is not appropriate for comparatively
7(01 2) ‘2 + 3) 2) higher error contributions. The probability could be height-

ened ifN= 3 analysts were involved as a modification of the
Whereasxy,» represent the laboratory meais,» the cor-  design proposal (then the probability increases from 50 to
responding standard deviations. For the calculation of the ggos, shown by arrow (c)). A value of 0.3% for the variation
laboratory means and the corresponding standard deviationgaysed by analysts could be seen as a quite low contribution.
in this case the respective mean values of the participating additional error sources between the series apart from ana-
analysts have been used as single values. Further, the valugsts (e.g. different days), which might increase the variation,

to,(2n—2) is derived from the-distribution with n degrees of  should be taken into account. This was made in the following
freedom and the one-sided error probabiity section.

The transfer was accepted, when the lower and the upper
limit of the 90%-confidence interval were completely within
the interval 0f+2%.

4. Extension of the ISPE concept
2.4. Software
_ _ The ISPE concept has been extended by additionally

All calculations were perforrged by M|cr<_)s6‘fExceI 97 regarding other sources between the series apart from the
(Munich, Germany). TheN(.,0<) normal distributed sin-  error caused by analysts. The tefan was replaced byg
gle valuesx; were generated by the functionprminv to demonstrate, that not only the variation due to different
(random (), u, o) . The mean valug. was always 1.0 and  analysts but also due to other additional error sources is
the VarianCQ‘IZ (here in terms of standard deViation) like probab|y included. As one could Change the numbers of
desc_ri_bed above (e.¢.=0.003=0.3/100=0.3% for system proposed replicatessys or sample preparationssp the
precision). standard deviation of the series-me&aRs,..is given by the
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Fig. 3. The circles in this figure demonstrate the probability to correctly accept the method transfer, because the true bias (0% in the uppe¥day¢hand 1
deeper layer) is lower than the 2% of the acceptance criteria. Onakis the variation R.S.D.% according to Egs. (1) or (3) is depictedyddws shows the
numbem of analysts or series used. The error probabitityas 0.05. For explanation of (a), (b) and (c) see text.

following general equation (3): successful transfer with an adequate probability. Hence Fig. 3
provides various possible examples for a transfer situation.

&2 & For different situations, where the individual error amounts
A _ ~2 SP SYS (3) R . ~ .
Oxseries = |/ OB T Nep R—— of the involved error sources yield the saig, . according
SP  NSPISYS : i ries
to Eq. (3), there is the same probability to accept the method
Thedssys and thessp have only a small effect on the, .« transfer. Thus, with the knowledge of the own error sources

Performing four executionsngp=12) instead of three  and the total variation according to Eq. (3) and the number of
per sample under the same error structure of the startinginvolved series, Fig. 3 provides the probability for correctly
example (see Section 2.1) leads to an only very slightly accepting a successful transfer. Note, for different transfer

smaller variation of 0.36%: situations, where the ratio éf,..to the acceptance criteria
and the ratio of the bias to the acceptance criteria are the

o 5 0.6% + 0.3? same, the probability to accept a transfer correctly is also

Oseries = |/ 0-3° + 12~ 0.36 equal. For e.g. the cases: (&)= 0.8%, acceptance

criterion=2.0% and bias=1.0% and (B),...= 1.0%,
Therefore just the valugg for the series means has been acceptance criterion=2.5% and bias=1.25% the same

modified: 0.35, 0.58, 0.80, 1.00, 1.20, 1.40 and 1.60 have probab|||ty to Correcﬂy accept a transfer results.

been taken into account. This results in R.S.D.-values for

the variation of the series-meaésg,,. of 0.41, 0.62, 0.83,

1.02, 1.21, 1.40 and 1.64. According to these extensions

Fig. 3 demonstrates the effect of higher variations of the 5. Conclusions

laboratories on the probability to correctly accept a method

transfer. To retain a probability of more than 80%, whichis ~ The ISPE design provides adequate probabilities to ac-

regarded as adequate, for every 0.2%-step of the estimate@ept successful method transfers correctly only for relatively

total R.S.D.% at least one additional series would be Small error amounts. For a total variation of more than 0.62%

necessary (individual R.S.D.%-values for te@xis could this fixed design leads to unsatisfying probabilities to reject

be calculated by means of Eq. (3)). As one can see here, asuccessful transfers. For each definite error amount an indi-

fixed design cannot suffice in every case. For every specialvidual number of series is needed. Thus Fig. 3 provides an

situation another individual number of series is required. At overview for numerous error scenarios. To retain a power

an R.S.D. of 1.02% and a number of series of 3 the proba- 0f more than 80%, which is regarded as adequate, for every

bility decreases to 37%. A higher R.S.D. of the series-means0-2%-step of the total R.S.D.% at least one additional series

needs a higher number of series, if one wants to identify a Would be necessary.
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