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ABSTRACT

Aims: Multi-species Allometric Scaling (MSS) from at least three species have been used
traditionally to predict human CL and Vss. Single-species Scaling (SSS) can be applied to predict
these parameters from a single species using a fixed body weight exponent. SSS is less time- and
resource-intense compared to MSS and thus appears to be a very promising method to implement
in a screening strategy during the drug discovery phase.

Study Design: To evaluate SSS predictivity compared to MSS, six discovery compounds were
evaluated in pharmacokinetic studies with the intravenous administration to rat, rabbit, dog, and/or
cynomolgus monkey. Human CL and Vss were predicted by MSS and SSS, applying protein binding
correction. Relative fold difference between these two methods was calculated to define success
rate as a percent of the predictions of SSS within two- to four-fold of MSS predictions.

Results: SSS showed a high success rate for human CL prediction with 67% within 2-fold and 94%
within 4-fold of MSS. The success rate of human Vss prediction by SSS was also good with 61%
within 2-fold and 89% within 4-fold of MSS.

Conclusion: These data demonstrate the potential application of SSS to streamline the screening
strategy of drug discovery programs.

*Corresponding author: E-mail: dipal.patel@bms.com;
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ABBREVIATIONS
IV ! Intravenous
PK  : Pharmacokinetics
CL : Clearance
Vss : Volume of distribution at steady state
SSS : Single-species Allometric Scaling

MSS : Multi-species Allometric Scaling
1. INTRODUCTION

Researchers across the pharmaceutical industry
develop drug discovery strategies that help them
to screen compounds and identify issues while
balancing time lines and resources. There has
been a growing demand to predict human PK as
early as possible to identify and mitigate potential
development risks early in the discovery phase.
Minimally, the parameters required for human PK
prediction are CL and Vss. Several approaches
based on in-vitro or in-vivo preclinical studies can
be employed to estimate these parameters [1].
Allometric scaling of CL and Vss from in-vivo
preclinical data has been widely used, and its
predictive performance has been rigorously
analyzed [2].

The relationship between PK parameters (e.g.
CL, Vss) and body size can be described
mathematically by using the allometric scaling
equation P=aWb, where P is the PK parameter,
W is the body weight [3]. The constant b is
referred to as the exponent which provides a
means of describing the effect of size (W) on a
given parameter (P). Multiple-species allometric
scaling (MSS) using 3 or more species is often
employed and has successfully predicted human
CL and Vss. However, this method is resource-
intense in terms of time, animals, and cost. To
address these issues, evaluation of the
confidence in predicting CL and Vss by SSS
compared to other standard methods was
performed. Hosea et al. [4] and Hu et al. [5]
conducted retrospective analyses of prediction
methodologies for commercial compounds for
which both preclinical and clinical data were
available. Based on their analyses, SSS from
rats resulted in the most accurate predictions for
human CL and Vss with decreased animal
usage, cost, and time.

With the proven success of SSS, it is very
appealing to apply this scaling method in drug
discovery as a screening strategy. The objective

of this exercise was to determine whether SSS
could be implemented as a screening strategy in
a discovery program to speed up development
candidate selection while decreasing resource
use. To confirm the success rate of the SSS
prediction method, we selected 6 in-house
discovery compounds for which in-vivo PK data
in 2 or more preclinical species were available.
Human CL and Vss were predicted using both
the SSS and MSS methods and the results
compared.

2. MATERIALS AND METHODS
2.1 Compound Selection

Six compounds from the same program and
chemical series were chosen for this analysis. All
compounds were evaluated in IV PK studies in
two or more preclinical species, primarily rat,
rabbit, dog or cynomolgus monkey.

2.2 Data Analysis

The representative body weights for each
species used in this analysis were: rat, 0.25 kg;
rabbit, 3 kg; monkey, 5 kg; dog, 10 kg and
human, 70 kg. For each compound the total CL
(mL/min/kg) and Vss (L/kg) were calculated by
noncompartmental analysis (NCA) of observed
plasma concentrations, using Phoenix®
WinNonlin® version 6.3 (Certara USA, Inc,,
Princeton, New Jersey). To calculate unbound
CL (Equation 1) and unbound Vss (Equation 2),
the plasma protein unbound fraction (fu) of each
species was applied to the respective total CL
and Vss values.

CL, =% (1)

Vss, = = )

2.3 Human CL and Vss Prediction by
MSS

The CL, and Vss, values for each species were
normalized by body weight and plotted against
body weight on a log-log plot to calculate the
allometric co-efficient (a) and exponent (b). The
simple allometric equations (Equation 3 and 4)
were applied to predict human CL, and Vss,
using 2 or more species:



CL, (human) = a * (BWhuman)b (3)
(4)

Equations 5 and 6 were used to calculate total
CL and Vss.

Vss, (human) = a * (BWhyman )®

CL (human) = CL, *f, (human) (5)

(6)

Vss (human) = Vss, * f, (human)
2.4 Human CL and Vss by SSS

The human CL and Vss were predicted by
applying the theoretical ideal exponents 0.75 and
1 respectively [6], as per the below equations
using the CL and Vss obtained from each
preclinical species.

BW human~0.75

CL (human) _ CL(animal) "

(7)

fu (human) fu (animal) BW animal
Vss(human) _ Vss(animal) " BW puman~y1 (8)
fu (human) fu (animal) BW animat

2.5 Determination of Success Rate

For the data set as a whole, the accuracy of the
prediction methods was assessed by relative fold
difference (FD) between the predicted CL and
Vss by MSS and SSS as per below equation.

FD = CL or Vss pred.icted by SSS (9)
CL or Vss predicted by MSS

The success rate of SSS was classified based on

the total number of CL or Vss predictions that fell

within 2-fold or 4 fold of the MSS predicted

values.

3. RESULTS AND DISCUSSION

The mean plasma CL and Vss, determined for
rat, rabbit, dog, or monkey are summarized in
Table 1 along with the free fraction in plasma.
Table 2 reports free fraction in human plasma
and the predicted human CL and Vss from SSS
and MSS as described in the methods. The
human CL and Vss predicted by SSS were
plotted against the human CL and Vss predicted
by MSS as shown in Fig. 1 (a) and (b). In both
figures, lines of 1-fold, 2-fold, and 4-fold deviation
from unity were inserted to show the closeness
of both prediction methods.

These six compounds had similar CL
mechanisms which were conserved across all
preclinical species evaluated. SSS had a high
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success rate for human CL prediction with 67%
within 2-fold and 94% within 4-fold of MSS. All of
the SSS human CL predictions fell within 4-fold
of MSS, except for compound B where SSS from
rat, resulted in 7.6-fold over-prediction compared
to MSS. For compound B, however, the MSS
predicted CL resulted in a low exponent (0.4)
which indicates the under-prediction of human
CL by the rule of exponent [7]. SSS from all other
species also over-predicted the CL compared to
MSS.

The success rate of human Vss prediction by
SSS was also fairly high with 61% within 2-fold
and 89% within 4-fold of MSS. As shown in
Figure 1(b), there are 2 outliers, mainly related to
SSS from a rat. This is consistent with the
findings of Berry et al.[8] in their analysis of 67
compounds; rat was the least predictive of
human Vss. SSS from rat resulted in 6-fold
under-prediction and 12-fold over-prediction,
compared to MSS for compounds A and C,
respectively. The exponent from MSS was 1.3
(A) and 0.5 (C). Both of these exponents indicate
significant  deviations from the isometric
relationship between Vss and body weight and
call into question the validity of these MSS
predictions.

Time- and resource-intensive in-vivo preclinical
PK screening is a rate-limiting step in program
advancement. In-vivo preclinical PK data,
however, is critical information for human PK
parameter prediction. Rodents are often the
preferred species for initial in-vivo PK screening
because of their size and availability.
Compounds must undergo PK studies in one or
more additional species in order to predict the
human CL and Vss using the MSS method.
Prioritization of the compounds from rodent PK
into capacity-limited PD or efficacy testing can
also lead to faster progression of compounds.
Thus, optimizing the screening strategy at this
rate-limiting stage is key for efficient drug
discovery. SSS is an attractive method when
preclinical PK information is limited. Human PK
parameters (CL and Vss) can be predicted by
SSS from any one species to prioritize
compounds for preclinical efficacy testing.
Efficacious compounds then can be prioritized for
further preclinical PK testing. As more data
become available, the learnings can be used to
refine the screening strategy. Thus, employing
SSS much earlier in the screening funnel may
result in only a fraction of the discovery
compounds being dosed in more than one
species, saving a significant amount of resources



and time. Additionally, this approach complies
with the concept of the 3Rs (Replacement,
Reduction and Refinement) of animal usage in
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drug discovery, supporting the Animal Welfare
Act (AWA) [9].
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Fig. 1. (a) Predicted human CL (mL/min/kg) by multi-species allometric scaling (MSS) versus
single-species allometric scaling (SSS). (b) Predicted human Vss (L/kg) by multi-species
allometric scaling (MSS) versus single-species allometric scaling (SSS)
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Table 1. Summary of observed in-vivo CL, Vss and in-vitro free fraction in plasma in the respective preclinical species

Compound CL (mL/min/kg) Vss (L/kg) fu
Rat Rabbit Monkey Dog Rat Rabbit Monkey Dog Rat Rabbit Monkey Dog
A 8.4 14 26 0.9 42 5.9 0.043 0.049 0.165
B 26 14 15 29 0.6 6.4 7.5 6.2 0.002 0.05 0.048 0.027
C 1.3 11 0.3 1.9 0.005 0.098
D 3.6 5.3 0.7 1.7 0.019 0.081
E 8.5 23.3 41.0 0.6 23 4.6 0.026 0.127 0.222
F 10.1 24 221 2.9 1.1 0.5 3.7 0.9 0.009 0.002 0.008 0.011

Table 2. Human CL and Vss predicted by SSS from respective species, MSS and in-vitro free fraction of plasma protein binding in human

Compound CL (mL/min/kg) Vss (L/kg) fu
Rat Rabbit Monkey Dog MSS Rat Rabbit Monkey Dog MSS Human

A 37 10.0 6.3 7.8’ 1.6 6.6 2.8 9.8° 0.077
B 9.9 3.9 5.0 2.0 1.3° 9.3 4.0 4.8 7.1 3.9 0.031
Cc 3.9 3.2 24 3.7 1.2 0.3 0.062
D 35 2.1 1.1 25 1.4 0.7 0.069
E 16.5 17.2 19.7 211 4.8 3.7 43 3.4 0.206
F 25 4.9 12.9 1.5 4.9 1.1 23 4.2 0.7 2.1 0.009

1. MLP Correction was applied
2. Poor exponent (1.3)
3. Poor exponent (0.4)
4. Poor exponent (0.5)



Due to mixed views on SSS application in the
literature [10,11], it was important to evaluate the
predictive validity of SSS compared to MSS with
program compounds. The theoretical ideal
exponent used in this exercise has been
successful in the prediction of human CL and
Vss from various animal species [4,5]. Initial
human Vss and CL predictions by MSS and SSS
were done without applying protein binding (fu)
corrections (data not shown). The MSS
allometric exponent was poor without fu
correction for a few compounds, however. As a
consequence, fu correction was applied to all of
the Vss and CL predictions. Since protein binding
has an impact to varying degrees on CL and Vss,
applying the correction when protein binding is
widely different among species may improve the
prediction of these parameters.

4. CONCLUSION

Both SSS and MSS methods have proved
successful at predicting human PK for a variety
of compounds in many published retrospective
analyses. However, correlations between these
two scaling methods were not discussed. We
confrmed a good correlation (>60% of
compounds within 2-fold) existed between MSS-
and SSS-predicted CL and Vss for fifty
compounds in the analysis by Hosea, et al. [4],
where both SSS and MSS methods predicted the
clinical observations with high confidence.

In this study, we have confirmed the predictivity
of SSS compared to MSS and employed SSS for
a novel purpose, to optimize a drug discovery
screening strategy. Since MSS has been shown
to be predictive generally of human PK (>70%
within 4-fold [4], we were confident that SSS
would be reasonably predictive of human PK
parameters for our program compounds. By
implementing SSS in our screening strategy to
prioritize compounds moving from rodent PK
studies to efficacy and large animal PK studies,
we were able to identify a clinical development
candidate within a shorter timeframe and using
fewer resources. In conclusion, SSS can be
utilized to predict human CL and Vss as a
screening strategy at the drug discovery level,
although confirmation of the predictivity of SSS to
MSS for a few representative program
compounds may be desired.
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