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Introduction

• Naproxen is an NSAID used in the treatment of pain.
• We want to understand the time profile response for Naproxen versus 

placebo for the WOMAC pain endpoint in subjects with  osteoarthritis  
(OA) pain.

• Aim to incorporate all available, relevant data into a meta-database.
• A comprehensive systematic literature search was carried out to

identify suitable studies.
• Total of 15 references identified with 5 external and 10 internal 

studies.
• Different teams interested in responses at different time points so 

makes sense to apply a longitudinal model from which the relevant  
contrasts can be pulled.

• Using summary level (mean) data.
• Ninety four summary observations corresponding to a total of 4121  

subjects (sample size range: 41-280 per group) across the 15 studies.
• A Bayesian approach is applied to meta-analysis using non-

informative priors to enable probabilistic statements to be made 
about contrasts and parameters of interest.

Model and Methods

A Bayesian Emax model was applied to the 15 studies with the basic 
structure given below:

Responsei = Womac pain score (0-20) for observation  i.
Emax = Emaxp + I(naproxen)*Emaxn + β (bsl – mean(bsl)).
te50 = te50p + I(naproxen)*te50n.
E0 = Base + η(j), where j is the study number (1-15).

Where I(Naproxen) = 1 for naproxen and 0 for placebo.
bsl - observed baseline WOMAC pain score.

A random effect, η(j), was fitted to baseline such that η(j) is normally 
distributed mean 0, variance Tau2.

Modelling was carried out using WinBUGS.  A burn-in of 10000 
iterations was used and a subsequent update of 50000 to get posterior 
distributions.

In addition to diagnostic plots, the WinBUGS DIC tool was used to 
compare 2 models for model selection by assessing the difference in 
Dbar for each model.  This is equivalent to the difference in residual 
deviance.

Priors 

•All prior knowledge of naproxen/placebo response is effectively 
contained within the dataset being modelled.  
•Expert prior knowledge would inevitably be a function of some of these  
data hence non-informative priors were used for the parameters 
(Table 1).

Results

Table 1 also presents the posterior medians of each parameter of
interest from the Emax model and also gives the corresponding 
classical parameter estimates based on the same model.  Note that 
posterior distributions are available for each η (not listed here for brevity 
reasons as there are 15 η’s).

Figure 1 shows a plot of each posterior median versus the observed 
value which gives an overall good fit.

Figure 2 presents model predictions over time for naproxen and 
placebo.  The bands represent the 2.5 and 97.5 percentiles.
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Figure 1: Posterior Median versus Observed WOMAC Pain Score  

Conclusions
• A Bayesian approach to a longitudinal model gave a good fit to the data  

and comparable parameter estimates to the classical approach.
• Direct probabilistic statements were made from the resultant posterior  

distributions.  This was done simultaneously to the modelling itself rather 
than by post modelling simulation.

• Based on the posterior distribution, the median difference between 
naproxen and placebo at week 12 is approximately 1.7 points on a 0-20 
scale with 95%  credible interval (1.2, 2.2).

Discussion                                
This poster covers the very first steps in developing a Bayesian Emax 
model and further work might focus on looking at:
• Subjectively weighting the evidence (e.g. giving more weight to internal  

studies than external ones, or weighting according to age of study).
• Internal database includes patient level data.  We could combine 

individual and summary level data to get a better idea about covariates.
• A Bayesian approach allows for indirect treatment comparisons so could  

look at other studies with either placebo and naproxen where there is 
some other positive comparator in common. 

• Assessing literature bias.

Table 1 – Prior Distributions  and Posterior Medians with  Classical parameter estimates for comparison

*ensures an overall positive te50

• We are interested in the expected week 12, baseline adjusted, contrast for 
naproxen versus placebo for say 100 subjects per treatment group.

• This predictive distribution will include between study variation (tau) but will 
also take into account the uncertainty in tau.

• The probabilities of naproxen beating placebo by at least 1, 1.5 and 2 points 
are summarised in Table 2.

Table 2: Probabilistic statements around the contrast (naproxen – placebo) 

Figure 2: Predicted WOMAC Pain Score incorporating Parameter Uncertainty

Solid line: Median WOMAC Pain Score, Shaded Area: Covers 2.5 and 97.5 percentiles from simulations
Time (Weeks)

W
O

M
A

C
 P

ai
n 

(0
-2

0)

0 2 4 6 8 10 12

4
6

8
10

12

Placebo
Naproxen 500mg bid

0.0520.8380.999P(N-P)<δ

-2-1.5-1Difference to detect 
(δ)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF0056004d0052004400200072006500670075006c00610074006f0072007900200031002e00340020005000440046002000640069007300740069006c006c00650072002000730065007400740069006e00670073002e000d>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


