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Figure 2.2: EDSS values at the first observation

demographical variables, the functional scores and EDSS-values for each
time point have been pooled into one joint database. The natural question is
then, are the data homogeneous enough to justify pooling? A first point to
consider is whether clinical trials data should be pooled with natural history
data. Patients can only participate in clinical trials, if they fulfill several
inclusion criterias. These are different from study to study, but all have
restrictions on age (e.g from 18 to 55), EDSS value on entry of the study (e.g.
1-2 or 3-6.5) and duration of the disease (e.g diagnosis at least 2 years before
entry of the study). On the contrary, natural history databases are often
regional registries, that get their data from practising physicians or evolve
out of data management systems of hospitals. Naturally, many patients
are observed and followed from the date of diagnosis. Thus, the majority
of patients entering a natural history database, have a low disability level,
measured by EDSS (Figure 2.2), were just diagnosed (Figure 2.3), and are
on the average younger than patients entering a clinical trial (Figure 2.4).
Moreover, poor monitoring or at least highly varying observation dates are
typical for these kind of data. One can argue that clinical trials and natural
history data are different subsamples of MS patients.
Clinical trials data may not represent the typical MS patient due to the



CHAPTER 2. MEDICAL BACKGROUND 18

0

10

20

30

40

50

60

0 100 200 300 400 500 600

Natural History

0 100 200 300 400 500 600

Placebo Arms

Duration of the disease

P
e

rc
e

n
t 

o
f 

T
o

ta
l

Figure 2.3: Duration of MS from onset to first observation
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Figure 2.4: Age at the first observation
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Figure 2.5: Distribution of observation dates, seperated by study type

entry restrictions. Furthermore, the observation times are much shorter than
in natural history databases (Figure ??). But good monitoring and compara-
ble time spans (1 to 4 months) between two subsequent observations (Figure
2.6), makes them much easier to handle. As a consequence, the analysis
was restricted to the data from clinical trials only. The general goal of the
centre, to facilitate clinical trials in MS studies, is in line with this decision.
Unfortunately, this limits the number of patients to 897 and the number of
observations to 8716. Still the question of whether these data can be pooled,
remains. Of course, a study effect can never be ruled out. But this has been
an important question, since multicentre studies were first conducted. Work
is already in progress to assess such effects. But as the data analysts are
not allowed to identify the different studies due to data safety arrangements
with the data donors, including a category for each study is not an option
to consider in this work. Differences in inclusion and exclusion criteria can
be assessed by the available baseline variables. Furthermore, much effort
has been put on training of examining neurologists in MS studys, so that
comparability of neurologic measurements can be asssumed.
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course
mean of random
linear slope

mean of random
quadratic slope

pp or pr (course(1)) -0.000024 0.000133
sp (course(2)) 0.000927 0.000060
rr (reference category) -0.000561 -0.000154

Table 4.14: Mean of random slope estimates, stratisfied for courses

both fixed time and quadratic time parameters indicate, that the disability
averaged over the whole population is increasing over time. The increase even
seems to speed up. This stands in contrast to the P-Spline curves of time in
the previous models. They indicate, that disability increases faster in the be-
ginning and then flattens during the course of a clinical study. This behavior
might be captured by the random effects for the quadratic time effect. The
histogram in Figure 4.27 illustrates, that there are a lot of negative outliers.
The mean and median are also slightly negative. Furthermore, patients, that
are observed over a longer time generally deviate from the population effect
in the negative direction. Thus, the flattend and almost negative trend at
the upper tail of the time distribution, that was detected before, is reflected
in the random estimates.
The positive estimates of the progressive courses, although they are still

existent, are noticeably smaller than before. It seems, that some amount of
information, that was given by the course of disease in the previous model,
is captured by the individual linear or quadratic slopes. To confirm this as-
sumption, a closer look has been taken into the distribution of the random
slope estimates within each group. Table 4.14 shows the mean values for
the linear and quadratic random slope parameters. Slopes for progressive
patients (sp, pp or pr) are generally higher than for relapsing-remitting pa-
tients (rr). Hence, the categorization into disease courses reflects the kind of
progression over time, so that a time-dependent effect rather than a constant
effect per group could be an alternative.
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