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2.1.1 Study Population

Subjects should be at least 18 years of age and preferably
have a Body Mass Index between 18.5 and 30.0 kg/m?. [...]
Subjects should preferably be non-nicotine users [...]

If a drug product is intended for use in both sexes, it is
recommended the study include male and female subjects.
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Meta—study (235 mixed-sex datasets)
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Meta—study (235 mixed-sex datasets)

185 datasets passing BE

 Difference in PEs
of males and females
> 120% in 3.24% of
datasets.

» Difference in PEs
of males and females
<+10% in 77.8% of
datasets.

* Discordant Qualitative
Interaction in 1.62% of
datasets.
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Meta—study (235 mixed-sex datasets)

Sex-by-Formulation interaction
significant in 23 of 185 datasets
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2.2.3.5 Multi-Group Design Studies

BE should be determined based on the overall treatment
effect in the whole study population. In general, the assess-
ment of BE in the whole study population should be done
without including the Group by Treatment interaction term in
the model [...] However, the appropriateness of the statisti-
cal model should be evaluated to account for the multi-group
nature of the BE study. Applicants should evaluate potential
for heterogeneity of treatment effect across groups, i.e.,
Group by Treatment interaction. If the Group by Treatment
interaction is significant, this should be reported and the
root cause of the Group by Treatment interaction should be
investigated to the extent possible.
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Substantial differences in the treatment effect for PK para-
meters across groups should be evaluated. Further analysis
and interpretation may be warranted in case heterogeneity
across groups is observed.

2.2.3.1 General Considerations

The statistical analysis should take into account sources of
variation that can be reasonably assumed to have an effect
on the response variable.

2nd Bioequivalence Workshop | Brussels, 26 April 2023



Crossover models

Interaction model (1)
Y ~ Group, Sequence, Subject(Group x Sequence),
Period(Group), Group x Sequence, Treatment,
Group x Treatment

Group model (1)
Y ~ Group, Sequence, Subject(Group x Sequence),
Period(Group), Group x Sequence, Treatment

Conventional (1)
Y ~ Sequence, Subject(Sequence), Period, Treatment

In the interaction model (I) unbiased estimate of the
treatment effect not possible!

2nd Bioequivalence Workshop | Brussels, 26 April 2023



10° simulated studies (n, = n, = 24)

No Group by Treatment p (G=T) <0.1in 10.01% of 100,000 simulated studies
1.0 7
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« Significant G x T interaction in 06
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At the level of the test —
false positives!
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10° simulated studies (n, = n, = 24)

True Group by Treatment :]_BGX_T} =0.1 in 46.64% of 100,000 simulated studies
interaction: ]
GMR, = 0.9000, GMR, = 1.1111  °°]
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Meta-study (319 datasets AUC, 322 C_. )

AUC Cmax
Model (1), all effects fixed Model (1), all effects fixed
p(G=T) =0.1 in 28/319 (8.78%) of datasets p(GxT) =0.1 in 33/322 (10.25%) of datasets
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Asymptotic one-sample Kolmogorov-Smirnov test: p 0.7266  Asymptotic one-sample Kolmogorov-Smirnov test: p 0.6967

G x T interaction ‘detected’ at approximately the level of the
test; in well-controlled trials likely false positives.

2nd Bioequivalence Workshop | Brussels, 26 April 2023 |:-



Conclusions

* No empiric evidence that extrapolation of results from
studies in healthy subjects (in either sex...) to the patient
population is problematic

* Inclusion of a Group-term may substantially compromise
power

* Impossible to detect a true Group-by-Treatment by statistics,
i.e., subsequent ‘investigation of a root cause’ is futile

The combination of some data and A mathematician is a blind man

an aching desire for an answer in a dark room looking for a

does not ensure that a reasonable  black cat which isn’t there.
answer can be extracted from a attr. to Charles Darwin
given body of data.

John W. Tukey
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