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Pharmacokinetic studies, e.g. innovative drug
pharmacokinetic evaluation or generic drug bioe-
quivalence testing, can be requested by the regulato-
ry authorities during the registration process of
medicinal products. The drug determination in bio-
logical matrices, e.g. blood, serum, plasma and
urine, is performed by means of the instrumental
analysis, including high-performance liquid chro-
matography (HPLC). To assure the reliability of
results a selected bioanalytical method should be
validated according to the specific requirements (1).
A thorough drug stability testing in a biological
matrix is one of the important steps within the vali-
dation. The U.S. Food and Drug Administration
(FDA) Guidance describes a standard approach of
direct comparison of analytical results for the stud-
ied and reference samples, but also suggests that
other statistical approaches may be used. Generally,
in recently published papers concerning bioanalyti-
cal methods that standard approach, without any sta-
tistical treatment, is applied to stability testing. It
seems to be in opposition to the current trends in
analytical chemistry, e.g. strong interest in chemical
metrology and uncertainty of measurement.

The presented method of statistical stability
evaluation is based on the application of confidence
intervals. The idea was first reported and discussed by
Timm et al. in 1985 (2). It was stressed that without
confirmation of stability, the subsequent pharmacoki-
netic data are questionable. Thus the application of
confidence intervals was proposed as a practical pro-
cedure based on statistical treatment, which takes into
account the precision of measurement as well as
assigns a degree of certainty to the conclusions con-
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cerning drug stability. It was declared that the appli-
cation of the method indirectly enhances patient secu-
rity, because the compounds are classified as stable
only if relevant degradation can be excluded with
high probability (95%). Therefore, the subsequent
results of pharmacokinetic studies are more reliable,
which enables more accurate conclusions concerning
the clinical use of an investigated drug. It was argued
that the application of confidence intervals in stabili-
ty investigation is superior to the routine Student #-
test (2). The latter might show statistically significant
difference in stability, which might not be relevant in
the case of pharmacokinetic studies.

The method of statistical stability evaluation
presented by Timm et al. was based on the assump-
tion of equal variances for the studied and reference
samples (2). To allow application of confidence
intervals — when this condition is not met — a new
method is proposed.

EXPERIMENTAL

Theoretical background
Assumptions

The log-normal distribution of measurement
results for studied (x) and reference (z) samples was
assumed. This assumption was verified and con-
firmed with the use of two normality tests (Shapiro-
Wilk and Kolmogorov-Smirnov) implemented in
the SAS suite of programs (4).

Confidence Interval calculation method
The step by step confidence interval calculation
method was presented in Figure 1. After determina-
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tion of drug and/or metabolite concentrations in stud-
ied and reference samples, the possible outliers in
each group of measurement results were identified.
The presence of outliers strongly influences variance
calculation and causes widening of respective confi-
dence interval. To avoid this situation, the suspected
results were identified by application of two-sided Q-
Dixon test at significance level o= 0.10. Because the
statistically significant outliers are not always rele-
vant, the final decision concerning the inclusion or
exclusion of a suspected result in further calculations
was made by the analyst. In each individual case the
judgement was made after studying the possible
sources of error, e.g. poor chromatography, equip-
ment malfunction or improper sample preparation.
Irrespective to statistical analysis which pointed at
some results to be rejected as outliers, all those
results which were within the method accuracy lim-
its [e.g. 85-115% of nominal value (1)], were includ-
ed in further calculations. The next step was the log-
arithmic transformation of original data, which cor-
rected the possible skew of their distribution.

The proper determination of confidence inter-
val limits requires variance equality verification. To
compare variances in studied (s,”) and reference (s.’)
samples, the F-test was applied at significance level
o = 0.01. The lower and upper limits of two-sided
90% confidence interval were calculated either
using pooled variance (in the case of equal vari-
ances) or individual variances of the studied and ref-
erence samples (2-4).

Method A. Equal variances

The pooled variance (s,’) was calculated
according to the formula F1, which included the
influence of variances of studied (s,’) and reference
(s.%) samples as well as sample size in both groups
(n, and n,).

2:(nx—l)-sf,+(nz—1)-szz [F1]
! n_+n. -2

The lower (LL) and upper (UL) confidence
interval limits were calculated according to the for-
mulas F2 and F3, respectively. The number of
degrees of freedom was defined as df = n, + n, — 2,
while 7, , was the value of the Student r-distribu-
tion quantile at selected significance level.
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Figure 1. Confidence interval calculation block diagram.
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Figure 2. Calculated confidence intervals.

Method B. Variances not equal

The number of degrees of freedom was calcu-
lated according to the formula F4, with the result
being rounded down to the nearest integer.
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Table 1. Results of gemcitabine freeze-thaw stability study in rat plasma (=70°C).

Nominal GMC Freshly 1¢ cycle 3 cycle
concentration prepared (24 h) (72 h)
(ng/mL] [pg/mL] [pg/mL] [ug/mL]
7.10 7.20 6.92
7.18 7.57 7.03
7.50 7.24 7.67 7.23
7.33 7.84 7.84
7.33 7.86 7.93
Mean 7.236 7.628 7.390
s 0.099 0.268 0.466
Table 2. Confidence interval calculation after the 1* freeze-thaw cycle.
Nominal GMC Freshly 1" cycle
concentration prepared (24 h)
[ng/mL] z [pg/mL] In(z) x [ug/mL] In(x)
7.10 1.96 7.20 1.97
7.18 1.97 7.57 2.02
7.50 7.24 1.98 7.67 2.04
7.33 1.99 7.84 2.06
7.33 1.99 7.86 2.06
Mean 7.24 1.98 7.63 2.03
S 0.10 0.01 0.27 0.04
s 0.00983 0.00019 0.07177 0.00127
Table 3. Confidence interval calculation after the 3 freeze-thaw cycle.
Nominal GMC Freshly 3" cycle
concentration prepared (24 h)
[ng/mL] z [ug/mL] In(z) x [ug/mL] In(x)
7.10 1.96 6.92 1.93
7.18 1.97 7.03 1.95
7.50 7.24 1.98 7.23 1.98
7.33 1.99 7.84 2.06
7.33 1.99 7.93 2.07
Mean 7.24 1.98 7.39 2.00
s 0.10 0.01 0.47 0.06
s? 0.00983 0.00019 0.21755 0.00394
) 2\ 2 The lower (LL) and upper (UL) confidence
Sy | Sz interval limits were calculated according to the for-
n, n, mulas F5 and F6, respectively.
df = 2 [P - o
1 Six 1 Siz Inx—Inz—ty 5 4 “ i-ﬁ—; [F5]
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RESULTS

As an example of confidence intervals applica-
tion, the study of gemcitabine freeze and thaw sta-
bility in rat plasma was performed. The gemcitabine
concentrations determined in reference samples (i.e.
freshly prepared) as well as after 1* and 3" freeze-
thaw cycles are presented in Table 1.

After the 1" freeze-thaw cycle samples were
analyzed, the original data were logarithmically
transformed (Table 2) and then the variances were
compared. The F-test did not reveal significant dif-
ferences in variances for studied and reference sam-
ples, as experimental F-value (F,,, = s, /5. =6.73)
was lower than the corresponding quantile (F; 4 4
= 15.98). The confidence interval was calculated
according to the Method A presented above. The
pooled variance (s’ = 0.00073) and number of
degrees of freedom (df = 8) were calculated. To cal-
culate 90% confidence interval, the Student ¢-distri-
bution quantile at significance level o/2 = 0.05 was
used (s sy = 1.86). The calculated confidence
interval (90% C.I. = 102-109%) was found to be
within the acceptance limits of 85-115%. As 100%
value was not included within the confidence inter-
val, one can notice a statistically significant increase
in the response during the analysis of studied sam-
ples. However, this increase was not relevant from
the pharmacokinetic point of view, because the cal-
culated stability was embraced completely by pre-
defined acceptance limits (1).

A similar approach was applied for the data
after the 3" freeze-thaw cycle. The samples were
analyzed, the original data were logarithmically
transformed (Table 3) and then the variances were
compared. The F-test showed significant differences
in variances for studied and reference samples, as
experimental F-value (F,,, = s’ /s’ = 20.89) was
higher than the corresponding quantile
(F0.01.4,.4)= 15.98). Thus the confidence interval was
calculated according to the Method B presented
above. The number of degrees of freedom was cal-
culated according to the formula F4 (df.,. = 4.38)
and then rounded down to the nearest integer (df,,,.4
= 4). To calculate 90% confidence interval, the
Student #-quantile at significance level /2 = 0.05
was used (s, 4 = 2.13). The calculated confidence
interval (90% C.I. = 96-108%) was also found to be
within the acceptance limits of 85-115%. As 100%
value was included within the confidence interval,

the change in response was neither statistically sig-
nificant, nor relevant. The graphical illustration of
calculated confidence intervals was presented in
Figure 2.

DISCUSSION AND CONCLUSION

Two decades after the publication of Timm et
al. paper (2), the topic of their research is still
up-to-date. Since then, the bioanalytical method val-
idation has become the subject of FDA regulation
(1), but some details of the guidance are continuous-
ly under discussion. One of those topics is drug sta-
bility testing in biological samples, where the above
mentioned over 20-year-old paper presents a very
interesting point of view. Furthermore, this view
corresponds to the recent trends in analytical chem-
istry, especially strong interest in the uncertainty of
measurement.

The new method proposed in this paper
enables wider application of the approach presented
by Timm et al. The new method is in accordance
with current FDA regulations (1) and therefore can
be applied to the validation of any bioanalitycal
method used in human studies requiring pharmaco-
kinetic evaluation, e.g. clinical pharmacology,
bioavailability and bioequivalence studies. The con-
fidence intervals may be used in different stability
investigations including, but not limited to: long-
term stability under sample storage conditions,
short-term stability in biological matrix at room
temperature, stability after freezing and thawing, as
well as post-preparative stability (in an autosam-
pler). The approach can be also applied to the solu-
tions stability testing, provided narrower acceptance
limits are pre-defined.

It was observed that the statistically incorrect
application of the previously described method
under the conditions of unequal variances resulted in
a narrower confidence interval. It could be illustrat-
ed by the confidence interval calculation for stabili-
ty after 3 freeze-thaw cycle, where the condition of
equal variances was not met. The confidence inter-
val calculated according to the previous method was
90% C.1.,,, = 96.7-107.6%, while the calculation
according to the new method (Method B) resulted in
90% C.1.,,, = 95.9-108.4%. In the case of a confi-
dence interval lying near the acceptance limit, the
difference of 1.6% might lead to the misinterpreta-
tion of results.

The described method of stability testing could
be considered superior to the standard approach of
direct comparison of analytical results for the stud-
ied and reference samples, because confidence inter-
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vals take into account method precision as well as
assign a degree of certainty to the conclusions con-
cerning drug stability or instability. The application
of confidence intervals during bioanalytical method
validation can improve the quality of data obtained
during pharmacokinetic studies and therefore seems
to be an interesting area for further studies.
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