crepancy between in vitro potency and in vivo efficacy in human - Implications in PK-PD mode
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BACKGROUND

* The free drug hypothesis that only the unbound (free) drug molecules exert effects by binding to targets has been one of dogmas of pharmacology.

* Quantitative prediction of efficacious exposures (AUC, Cmin efc) using /n vifro potency (i.e., IC5,) and unbound fraction has been practiced widely by modelers or other researchers at
early discovery or preclinical drug development.

 However, its fundamental assumption that the /n vitro potency is well correlated with /7 vivo efficacy has never been verified extensively. Thus, we tried to look into this assumption by
searching a wide range of published data.

« If the free drug hypothesis is valid and /n viftro potency measurements are well correlated with /n vivo effects, patients’ exposure to unbound drug (e.g., steady state unbound average
concentrations, C, . ,,4) @ccomplished by the approved dosage regimens should be higher than or, at least, comparable to the /n vitro potency parameters such as ICs,, EC5, K; efc.

METHOD

* As this relationship has never been examined widely for currently-used drugs, we reviewed the ratios of C . ., / potency for drugs of major therapeutic categories using the PK and /n
vitro potency information published to journals. (Ideally, the ratios of all drugs should be >> 1.)

< PK parameters (F, CL, Vd) of each drug and its typical approved dosage regimen were used to calculate the C ., ., 4(= f,"F-Dose/(CL1) = f -AUCss/x).
< When therapeutic dose AUCs reported in patients were available, they were chosen over the calculated C,, ¢ 5yq-

“ As for the potency data, those for at least two moieties in the same class obtained by a single research team and reported in a single original research article were used so that
inter-laboratory or inter-method variation may be avoided.

« The 49 drug moieties’ (13 categories) potency data collected by the above criteria are listed in the Table 1. Antibiotics, diuretics, NSAIDs and COX, inhibitors were not included

because they were not appropriate to apply the ratio calculation method used herein.

RESULTS
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Table 1. Drug classes used to calculate the Cu,ss,avg / potency ratios.
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Figure 2. The Cu,ss,a\,g | potency plotted against unbound fraction
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In the 49 moieties, the C,,, / potency ratios were <1 in 32 (65%) and <0.1 in 15 (31%) moieties. Even in the case of C ., (total concentration), the ratios of 15 (31%)

moieties were <1. Average ratios (unbound) of statins and CCBs were lower than 0.1.

If the free drug hypothesis is valid, discrepancy between the /n vitro potency and /in vivo effect is the only suspect of the “ratio<1” phenomena. If such discrepancies are so

widespread, we had better be conservative in interpreting the /n vitro data.
“ All of the currently-used methods assaying the /n vitro potency should be collectively regarded as mere ancillary, screening tools that cannot be used to infer the /n vivo

efficacy.

The finding that the ratio<1l phenomena are most common at drugs with f, < 0.05 (Figure 2) implies that there still remains room for improvement in protein binding assays,
especially at the higher extreme.

CONCLUSION

Because the /n vitro potency varies according to assay methods and laboratories, the ratio of eac
13 classes suggests us that the traditional, free drug hypothesis-based approaches are not desira
Predicting human efficacious concentrations with the protein binding and /n vitro potency data s

protein binding: f, < 0.05), despite old respects on the free drug hypothesis.

n drug herein may not be a solid one. However, the trend observed across the
ole when we have /n vitro data only.
nould not be a standard approach any more (especially for molecules with high

Before comparing the /n vivo effects in animals, the fate of candidates should not be determined by the f, and /n vitro potency data only.
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