Comparing treatment effect in depression trials:
Mixed Model for Repeated Measures vs Linear Mixed Model
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BACKGROUND STRUCTURE OF THE DATA RESULTS CTND

Since 50% of depression trials fail, even for marketed

Longitudinal data sampled from a subject are highly As clearly shown in figure 4, the LMM accounts for

anti-depressants, the analysis of depression trials is correlated. This correlation is shown in figure 1. the within-subject correlation whereas the MMRM
of great interest. One of the possible causes of failure : : : : does not.
is the high drop-out rate in these trials, which can be
as high as 50%. To account for this factor, the Last
Observation Carried Forward (LOCF) approach has » .
been used to impute missing values in longitudinal
studies. Despite the evidence of bias in data analysis, E b
LOCF has been used because of its supposedly 5 =
conservative nature. £ 2] 20 =]
e g
In recent years a new methodology has become a ; E
common standard for the analysis of longitudinal ﬁ_w,
data, the Mixed Model for Repeated Measures 101 o
(MMRM)' (see box 1). A Google search on ‘MMRM
analysis’ returned 9640 hits. The uptake of this : \ ; . \ :
method is based on its ability to deal with o Lo T einalHAMD atime t1 | *
missingness at random, as opposed to LOCF.
However, little evidence has been gathered about its 0 10 ) 0
performance in describing longitudinal data relatively RANDE Sret] Figure 4. Residuals for each observation plotted against the
to a linear mixed model (LMM) to fit the data. Figure 1. A scatter plot of each observation against the residuals for the preceding observation in the same subject.
preceding observation in the same subject.

= Box 1

MMRM is rapidly being adopted as RESULTS CONSEQUENCES

the method of choice for clinical Figure 2 illustrates that the LMM fits the observed data  What are the consequences of the use of different

. i better than the MMRM. models for the assessment of efficacy?
trial data sets;

Table 1 shows the results of data analysis using

¢ siatistici ow MMRM 43 [ aa | a5 | 46 | 47 | 48 | 4o each of the methods for 6 depression trials .
most Statisticians view as 1= B N N
) ] ?§:\ RS == ~—I% st |am |n |aeffect [Ltvm | MMRM | LoCF
superior to LOCF for handllng the o 36 37 | % 39 40 4 2 | 6 |2 100 | -3.34 0.0001 | 0.0006 | 0.0018
data of subjects who do not A= = [t B ? ; fgg ;gg ggggs ggggg 88?;2
complete the treatment protocol.? o 2O Lt L e [ [ % [ | 2 12 100 | 254 |0.0054 [0.0165 |0.0076
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OBJECTIVES 5 5 < =~ I~ ko [ 4 |1 200 [-186 0. 0.0366
The objective of this investigation was to: % 5 ~ . [0 6 |1 100 |-1.62
- Explore the suitability of the MMRM and the LMM to £,B 5 i i 1d 20 218 5 12 100 | -1.87 0.0483
fit longitudinal depression data using several 2 — = .,:&% o2 2_11 100 | -1.80 0.0236
goodness-of-fit (GOF) criteria %13 5 T =T B | ‘5‘ f fgg (1)?; o
- Compare the results of data analysis based on the 20 Jmte [oveas - s rse — SRF
MMRM, LMM and LOCF approaches. {951 xk \=..:3° Table 1. A effect indicates mean difference between
METHODS » 1 2 3 4 5 [} 7 ® placebo and treatment at the end of treatment. Data is
_ 20 | I -~ PO i F20 sorted by statistical significance as estimated by the LMM.
Data & Data Management w1 ‘%ﬁﬁ A R i i oF The p-values for the MMRM, LMM and LOCF methods are
Data & Data Management . 24682468245682468246824682468 against placebo. Red indicates p>0.05 green p<0.05.
Data from 8-week to 12-week double blind, placebo- Time (weeks) Discrepancies between methods reveal the differences in
controlled clinical studies in major depression were Figure 2. Observed (blue dots) and predicted HAMD vs. time the sensitivity of methods.
g ( ) p
used. All data management and plotting was (weeks) using the Linear Mixed Model (black) and the Mixed Th f the diff bet th
performed in R, the language and environment for Model for Repeated Measures (red) (n=49). = = LMiﬂcongetgue“;KAe;N? e l ebrenl_ce_s; de geen ©
statistical computing?. . T — v R i and the seem to be limited. However,

there are instances in which a a treatment
becomes statistically significant when a cut-off
value of 0.05 is used. LOCF generally performs
worse.

CONCLUSIONS

. The MMRM does not describe
longitudinal  depression data
accurately

MMRM

The Mixed Model for Repeated Measures was
implemented using proc mixed in SAS, version 9.1.
The HAMD scale was modelled using the interactions
between baseline-time and treatment-time as fixed
effects. A multivariate normal distribution with a
common unstructured covariance matrix between
individuals was used to fit the model to the
observations (see formula below).

HAMD = time, * treatment ; + time, * baseline,

LMM

The Linear Mixed Model was implemented in
WinBUGS* version 1.41. The HAMD was modelled
using the interactions between baseline-time and F may alter the conclusions drawn about the
treatment-time as fixed effects. An additive random ; statistical significance of treatment effect.

effect was also included in this model (see formula Incividual predictions of HAMD - Graphical and statistical assessment of the
below). Missing values were imputed using the goodness of fit is required for appropriate model

Observed HAMD

- Our findings illustrate how the differences in the
sensitivity of the methodology for data analysis

Figure 3. Observed vs. individual predictions for each

posterior predictive distribution. The mean of the model. The red line is & smoothing function. The HAMD evaluation.
posterior distributions was used for the GOF plots. values estimated by LMM are nearly unbiased. In contrast, - In the absence of drug exposure data, the LMM
, , X MMRM predictions accurately capture only a limited range should be considered as first choice method for
- * * . q q
HAMD = time, * treatment ; + time, * baseline, + 1) , of values. the analysis of depression trials.
1. Mallinckrodt CH, Clark WS, David SR: ACOOumv\r\g for dropout bias using mixed-effects models. J Biopharm.Stat. 2001; 11:9-21

2. Thase M., http:/www. > on_seroquels_bolders.html, 2007

3. R Development Core Team. R: A language and environment for statistical computing. 2005. Vienna, Austria, R Foundation for Statistical Computing.
4.Gilks W.R. TAS, D.J.: A language and program for complex Bayesian modelling. The Statistician 2007; 43:169-178



