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Propagation of population pharmacokinetic information 
using a Bayesian approach

Aris Dokoumetzidis and Leon Aarons
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Various data sets of simulated and real data (Table) were fitted with WinBUGS, with and without informative 
priors. Namely, the posterior estimates of fittings with non-informative priors were used to build informative priors 
and the whole procedure was carried on in a consecutive manner. The estimates of fittings with informative 
priors where compared with meta-analysis fittings of the respective combinations of data sets. Intuitively one 
would expect identical results between the two methods, even in the case of non-exchangeable populations. 
However, the posterior distributions have to be summarized parametrically in order to be used as priors. This 
introduces assumptions for the parametric form of the posterior distributions and the correlations between them 
which are only approximate, because of the nonlinearity of the model. So, some information may be lost there. 

Data
Four groups of datasets were utilized. Group A consists of 5 dense datasets (d3, d6, d12, d24, d48) each one of 
them including 3, 6, 12, 24 and 48 individuals, respectively, and one sparse dataset (s48) of 48 individuals. 
These data sets were simulated using a one compartment model with first order input and the same parameter 
values throughout. Group B consists of 2 datasets (b1, b2) with the same characteristics as d12 of group A, but 
this time the two datasets had different mean values for clearance (CL), to produce different populations. Group 
C consists of 3 datasets (r1, r2, r3) of 14 rats each, administered with midazolam. The datasets came out of two 
studies of 20 and 22 rats, respectively, (Aarons et al 1991, Mandema et al 1992) after shuffling the individuals to 
achieve homogeneous population. Group D consists of 3 datasets (d202, d229, d239) of healthy volunteers 
administered with defetilide, orally (Nam 2003).
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To investigate the propagation of population pharmacokinetic information across different datasets by 
applying Bayesian techniques. The aim is to summarize the population pharmacokinetic estimates of a 
dataset in appropriate statistical distributions in order to use them as Bayesian priors in consequent 
population pharmacokinetic analyses. The main task of this study is to compare results obtained by 
such analyses with the respective meta-analysis of the entire data.

Aarons L, Mandema JW, Danhof M. J Pharmacokinet Biopharm. 1991, 19, 485-496. 
Mandema JW, Tukker E, Danhof M. J Pharmacol Exp Ther. 1992, 260, 36-44. 
Nam IS. Propagation of information in pharmacokinetic and pharmacodynamic studies during drug development, PhD Thesis. Unversity 

of Manchester. 2003

Analysis
The analysis of the data was performed with WinBUGS. For group A, one compartment pharmacokinetic model 
with first order absorption was used with 3 parameters, namely, clearance (CL), volume of distribution (V) and 
absorption rate constant (Ka). A general three-stage hierarchical model was followed:

The procedure followed was the following: 
1. Each dense set was fitted with non-informative priors. 

m=m0, p=10-4, 
S=(Ω0·ν)-1, ν=3, 
a=0.001, b=0.001

2. The output samples from posterior distribution from this fitting was then used to construct appropriate priors.

m=mean(µpost), p=var(µpost), 
S=mean(Ω-1

post)/ν, ν=int(2·mean(Ω-1
post)11

2/var(Ω-1
post)11)), 

a=mean(τpost)
2/var(τpost), b=mean(τpost)/var(τpost) 

3. The sparse data set was fitted with these informative priors.

4. The combined datasets of the sparse data together with each one of the dense datasets were fitted using 
non-informative priors (as before).

τ~Γ(a,b)
µ~N3(m,p-1)
Ω-1~W(S,ν)

3rd stage (priors)

θi~Np(µ,Ω)2nd stage

1st stage

model

εij~N(0,τ-1)

yij= f(θi,xij)+εij

β5α5

β4α4

β3α3

β2α2

β1α1

Chain βChain α

The analysis was similar for the other datasets. For group B, the analysis was identical to group A and for group 
C, 4 parameters were used instead of 3, i.e. clearance (CL), intercompartmental clearance (Q), central volume 
(V1) and peripheral volume (V2). In group D a one-compartment model was used instead of the established for 
dofetilide two-compartment, because the oral phase masked the fist kinetic phase. So, 4 parameters were used 
again, CL, V, lag time (Tlag) and infusion time (Tinf), but also the random effects matrix was partitioned to a 2x2 
matrix including CL and V, and two separate variance elements for Tlag and Tinf.

Results

Non-homogeneous simulated data (group B)

Rat data (group C)

Human data (group D)

Where f is the nonlinear model, yij is the logarithm of the jth observation of the ith individual at observation point 
xij; θj is a vector of the logarithms of the model parameters for the ith individual; εij is a proportional residual error 
(because the model is on a log scale); N, N3, Γ and W are the normal, 3D multivariate normal, gamma and 
Wishart distributions, respectively; τ is the residual error expressed as precision; µ is a vector of the mean values 
of the distribution of the θs; Ω is the interindividual variability matrix, a and b are the gamma distribution 
parameters for the uncertainty of τ; m and p are the mean value vector and precision matrix of the uncertainty 
distribution of µ, respectively, and S and ν are the scale matrix and degrees of freedom, respectively, of the 
Wishart distribution for the uncertainty of the Ω matrix.

5. The samples from the posterior 
distributions of steps 3 and 4 where 
compared by sorting the 2 chains and 
plotting them against each other, 
together with the identity line which is 
considered to be the reference point. 
(Fig. 1) Ideally if the two distributions are 
identical, their samples are plotted 
exactly on the identity line.

A schematic example 
of the comparison of 
two chains. The red 
line is the identity line.

In group A, 5 simulated, dense datasets containing progressively larger number of subjects, hence more 
information, were used as priors to fit a sparse dataset of the same population, in two different ways. First, each 
one of the dense datasets was fitted separately with WinBUGS and the posterior distributions were used as 
priors in a WinBUGS fitting of the sparse dataset. The results of the latter is compared to a meta-analysis 
WinBUGS fitting of each one of the dense datasets together with the sparse dataset, combined. 

In group B, two datasets with the same amount of information, but with difference in one of the population 
parameters (CL) were fitted by the two methods as with group A, and compared in the same way. 
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The notation A(B) means that dataset A was fitted with prior B, 
while A&B stands for meta-analysis fitting of datasets A and B.

Group C is an application of the approach in real rat data. Two homogeneous datasets were fitted as before, 
but this time a second step was performed as well, allowing the posterior of these fits to be used as a prior to fit 
a third dataset. Thus the information, included in the prior, is considered to propagate one more step, and is 
tested against the meta-analysis of the three datasets, combined. 

In group D the method was applied to real human data. Three datasets were fitted every two as before, with the 
prior and meta-analysis methods, producing six sets of results. 

From the results presented above, it is clear that population pharmacokinetic information can be summarized in 
Bayesian prior distributions that can be used consecutively with other analyses. The procedure is an alternative 
to the meta-analysis and gives comparable results, which are almost identical when the data utilized are 
homogeneous enough. The prior method has the advantage over the meta-analysis method, that it can be 
applied when the data used for prior information are not actually available. Another advantage of the prior 
method compared to the meta-analysis method is the smaller computational time required for the former. This 
comes from the fact less data are used in the prior method, because part of the information is included in the 
prior, unlike the meta-analysis method where all the information is included in the data. 

Conclusions

Methods

Objectives

The two results are compared, plotting the 
variances of the distributions of the 3 mean 
population pharmacokinetic parameters, i.e. 
µCL, µV and µKa, which are actually measures 
of the uncertainty of the estimates for these 
parameters. One can see clearly the 
following: (a) The more the information used 
(more individuals in the dense data), the 
smaller the variances (less uncertainty) of 
the distributions are, for both methods (from 
top-right towards bottom-left corner), a result 
which is very reasonable and anticipated. 
(b) The variances of the both methods are of 
the same magnitude, making the points to 
lie very close to the identity line, which is 
also drawn.

Direct comparison (see Fig. 1) of a few thousand 
samples from the two distributions, reveals that they are 
identical in almost all cases. So in group A, where the 
population is homogeneous, the conclusion is that the 
two methods, prior and meta-analysis give the same 
results.

A direct comparison of the posterior distributions 
of the two methods reveals that the distributions 
are not at all the same. So in this case, where the 
populations are not exchangeable, the two 
methods do not give the same results, although 
intuitively one would expect the opposite. 

The direct comparison of the 
distributions of the prior method and 
the meta-analysis approach, reveals 
that the compared distributions are 
identical for the mean value population 
parameters and the residual error, and 
are not identical but are not that 
different in the interindividual variability 
parameters. The latter could be due to 
the relative small number of individuals 
in each dataset, being 14. 

This may be due to the way the prior distributions are generated from the respective posterior distributions. 
When the priors are set up, parametric representations are generated where µ, Ω and σ are considered 
independent and correlations between them are ignored. However, because the model is nonlinear this 
assumption is not accurate, a fact that is attenuated when the population is not homogeneous. 

The conclusion here is a Bayesian prior can summarize very well real experimental data, when these are 
homogeneous.

The direct comparison of the 
posterior distributions coming from 
the two methods shows that the 
although it does not fail completely, 
it does not perform as well as with 
the rat data where the data were 
very homogeneous. Also, the data 
exhibit large variability in the 
absorption phase which is depicted 
in the total failure of the 
comparison for the respective 
interidividual parameters Tlag and 
Tinf, a fact that may have played 
an important role in this generally 
moderate performance.

References

School of Pharmacy and Pharmaceutical Sciences, University of Manchester, UK.

This work was sponsored by          .

Fig 1

Fig 6

Fig 5

Fig 4

Fig 3Fig 2



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


