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Abstract

Background: Recent studies have shown a decrease in annualized relapse rates (ARRS) in

placebo groups of randomized controlled trials (RCTs) in relapsing multiple sclerosis (RMS).

Methods: We conducted a systematic literature search of RCTs in RMS. Data on eligibility
criteria and baseline characteristics were extracted and tested for significant trends over
time. A meta-regression was conducted to estimate their contribution to the decrease of trial

ARRSs over time.

Results: 56 studies were identified. Patient age at baseline (p<0.001), mean duration of MS
at baseline (p=0.048), size of treatment groups (p=0.003), Oxford Quality Scale scores
(p=0.021), and the number of eligibility criteria increased significantly (p<0.001), whereas
pre-trial ARR (p=0.001), the time span over which pre-trial ARR was calculated (p<0.001),
and the duration of placebo-controlled follow-up (p=0.006) decreased significantly over time.
In meta-regression of trial placebo ARR the temporal trend was found to be insignificant, with
major factors explaining the variation being pre-trial ARR, the number of years used to

calculate pre-trial ARR, and study duration.

Conclusion: The observed decline in trial ARRs may result from decreasing pre-trial ARRs
and a shorter time period over which pre-trial ARRs were calculated. Increasing patient age

and duration of iliness may also contribute.
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Introduction

Relapsing MS (RMS) is defined by the presence of relapses, a neurological deterioration
lasting greater than 24 hours with stabilization or recovery [1]. Relapses occur in relapsing-
remitting MS (RRMS), secondary progressive MS (SPMS) and progressive-relapsing MS
(PRMS) [2]. The development of therapies that have successfully targeted relapses has
meant that relapse focused outcome measures are common in RMS trials — of particular
importance is the annualized relapse rate (ARR) [3, 4]. Recently, a downward trend in trial
ARRs of placebo patients has been identified in randomized controlled trials (RCTs) [5, 6].
Although placebo patients receive no active agent, their ARRs improve significantly
compared to baseline and increasingly so [7]. This trend is unexplained but has implications
for inter-trial comparability of ARRs [6]. This is particularly important as more therapies are
licensed in the absence of head-to-head data. We investigated possible reasons for this
downward trend in trial placebo ARR over time by analyzing patient baseline characteristics,

eligibility criteria and study design features in RCTs.

Methods

Systematic literature search

A systematic literature search was conducted in PubMed, the Cochrane Library, and Web of
Science aiming to identify placebo-controlled, double-blind RCTs in MS with data on trial
ARR or, alternatively, data that allowed trial ARR to be calculated. We searched [July 13,

2012] using combinations of the search terms ,multiple sclerosis®, ,ms", ,placebo,
,controlled®, ,control®, ,relapsing®, ,remitting®, ,relapse, ,exacerbation®, ,lesion®, ,reduction,
.rate, ,patients”, ,double-blind“, and ,clinical“. (see supplementary material). We excluded

cross-over trials and studies where patients in the control group received add-on therapies.



Data extraction

The following data were extracted by one reviewer and verified by another:

o the trial ARR of the placebo group along with the associated number of placebo
patients and the time period over which the ARR was calculated;

o the number of eligibility criteria, words and characters used to describe the criteria;

o trial inclusion criteria: age, pre-trial ARR and Expanded Disability Status Scale
(EDSS) score at baseline;

o trial inclusion criteria describing the minimum number of days since the last relapse or

use of high-dose steroids;

. patient baseline characteristics: age, pre-trial ARR, EDSS, and duration of MS;
o the number of patients and the number of female patients;
. the Oxford Quality Scale (OQS) score was calculated [8].

If possible, mean values were extracted along with standard deviations, or median values
and interquartile ranges. Where standard deviations were not available, they were calculated
from p-values, standard errors, confidence intervals or t-statistics [9]. If an ARR was not
stated, it was calculated by dividing the total number of relapses by the number of patients in
the placebo group, giving a mean relapse rate, and then extrapolating to an annualized
relapse rate by correcting for the time over which relapses were observed. When an adjusted
rate was given, i.e. adjusted to age, sex or other parameters, as well as an unadjusted rate,
the latter was preferred. Whenever ftrials distinguished between different intensities of
relapses, the total sum of relapses was counted irrespective of severity. For ARRs without a

quoted standard error we derived errors based on a Poisson approximation.

For our count of eligibility criteria, all inclusion criteria counted, unless they were mutually



exclusive, and all exclusion criteria were counted, unless they matched any inclusion criteria
already counted, similar to the approach established by Clisant et al. [10]. Only criteria
applying to patients with RMS counted. Having the correct diagnosis to be included to a
study counted as one criterion. To determine the number of words or characters used to
describe the eligibility criteria, all sentences or tables containing these criteria were copied
into a text processing program (LibreOffice 3.5.2.2) and counted automatically. Features due
to editing such as spaces and bullets were not included in the count. Captions of inclusion or
exclusion criteria did count. When supplementary material offered more detailed information

on eligibility criteria than the main publication, it was used instead of the latter.

Baseline characteristics of patients with RMS for the placebo group and all patients were
retrieved. Where possible, data on RRMS patients were preferred over data on patients with
other forms of MS. When the mean age at baseline was not given, it was calculated by
adding the mean MS duration to the mean age at the onset of the disease, if provided. When
pre-trial ARR was not specified, but the number of relapses in a certain time period or a non-
annualized relapse rate, it was calculated as above. Whenever a study presented multiple
pre-trial ARRs, calculated over different time periods, all were extracted. When baseline
characteristics for the total patient group were not available, they were calculated by
combining data provided for the individual treatment arms. Baseline characteristics of
patients randomized to treatment arms were preferred over characteristics describing only

patients that actually received treatment.

In one instance [11] one data point seemed implausible to the authors. Since no published
correction could be found and the authors of the publication in question did not reply to a

request to clarify this point, this value was omitted. When multiple pre-trial ARRs could be



collected, those accounting for the longest period were used. In these cases, pre-trial ARRs
of the same groups calculated over different time periods were compared. When inclusion
criteria appeared in a complex context, allowing alternative options to qualify in one measure

or mutually exclusive options of different measures, items were omitted.

Data analysis

For the purpose of all analyses of temporal trends, the year and month of publication was
used. When mean values were not given, available median values were used as a direct
estimate instead, if they did not require further mathematical handling. Corresponding
interquartile ranges, if not equal to zero, were used to estimate standard deviations,
assuming normal distributions. Values obtained in such a manner were indicated in the
figures. Mean values with standard deviations had top priority, mean values with standard
deviations estimated from interquartile ranges second, median values with standard
deviations estimated from interquartile ranges third priority, followed by solitary mean values

and lastly solitary median values.

The natural logarithms of the trial and pre-trial ARR of placebo groups were modeled by
Gaussian linear regression weighted by the inverse standard error squared. For the
predicted means 95% confidence intervals were calculated. For baseline characteristics
(age, disease duration, EDSS score, gender distribution) we calculated linear regressions
over time, weighted by the inverse standard error squared, taking all values with standard
errors into account. We calculated (unweighted) linear regressions for the number of
eligibility criteria, the number of words or characters used to describe these criteria, the
minimum pre-trial ARR for inclusion, the number of years over which the pre-trial ARR was
calculated, the minimum number of days before baseline without the use of high dose
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steroids, the minimum number of days without relapse, the duration of placebo-controlled
follow-up in days, the number of treatment arms, the average number of patients in each
treatment arm, the score on the Oxford Quality Scale, and the patient years considered in its

calculation.

As supportive analyses, we compared the mean values of four deliberate partitions of the 56
trials included in this study, testing for possible trends that might have been concealed in the
analysis of all studies over time. We decided to subdivide the trials at recognizable points in
trial history: The first cluster of trials comprised all trials up to the end of 1994, the second
cluster all trials from the beginning of 1995 to the end of 2000, the third cluster all trials from
the beginning of 2001 to the end of 2009, the fourth cluster all trials from the beginning of

2010 to today. Below we refer to these analyses as epoch analyses.

The logarithmic ratios of ARRs comparing the different pre-trial time periods were
investigated via a random-effects meta-analysis with inverse variance weighting. The
combined estimates are reported along with 95% confidence intervals (Cls) and p-values
testing the null hypothesis of no difference between the time intervals. Heterogeneity
between studies is estimated and reported in terms of the heterogeneity measure 1%, which is
the ratio of the between-trial variance and the total variance, alongside the p-values of the
chi-square test of heterogeneity. Forest plots illustrating the ratios of the individual studies
and the combined effect allow for visual comparison of the heterogeneity and provide an
overview of the results. The meta-analysis was conducted using the RevMan 5.1 software

(http://ims.cochrane.org/revman).

Finally, all statistically significant temporal trends were investigated in a meta-regression
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calculating to what extent they contributed to the temporal trend in trial ARRs. The final
combination of included variables was chosen in respect to the Bayesian information criterion
(BIC), allowing a model as simple as possible with as little as four variables, yet explaining
the bulk of the downward trend in trial ARR. In all instances, the level of statistical

significance was set at 5%.

Results

A total of 56 randomized, placebo-controlled trials (references given in the web appendix)
was identified including 14,792 patients of which 5,380 had been randomized to placebo.
The study duration was on average 12 months (range 3 to 60 months). The total follow-up
was 23,157 patient-years including 8,696 patient-years on placebo. Table 1 gives an
overview of the patient populations included in the 56 frials and further information is
included in the web appendix (supplementary material). Trial ARRs in placebo patients
decreased (Figure 1) by 4.5% per year (95% CI (3.2; 5.7); p<0.001). This confirms previous
findings by Inusah et al. [5] and Nicholas et al. [6] who conducted their reviews on different

although overlapping sets of studies.

Temporal trends in pre-trial ARR and associated factors

Pre-trial ARR decreased over the last 30 years by 2.0% per year (95% CI (1.3; 2.6); p<0.001,
Figure 1). From 1982 to 2012, the number of years over which pre-trial ARR was calculated,
decreased significantly by approximately 1.5 years (p<0.001). The minimum pre-trial ARR for
inclusion did not change significantly over time. The required days prior to baseline without
relapse or high-dose steroid use likewise did not change. Seven studies provided data on
pre-trial ARRs calculated over one and two years (Figure 2). The ARRs in the second year

before inclusion (months -13 to months -24) were reduced by 49% (95% CI (44%; 54%),
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p<0.001) compared to the year prior to the study (months -1 to -12).

Changes in other baseline characteristics over time

We detected statistically significant trends over time in the following baseline characteristics.
Baseline age increased by approximately one additional year for every five years (p<0.001),
as did baseline MS duration, which increased by one additional year of MS duration every
eight years (p=0.048, Figure 3). Baseline EDSS scores and minimum steroid-free time before
inclusion in the trial were not found to be significant in the trend analyses (p=0.289 and
p=0.059, respectively), but changes over time were found in the epoch analyses (p=0.003
and p=0.02, respectively). The mean minimum number of steroid-free days is 68 days for the
first cluster, 35 days for the second, 38 days for the third, and 32 days for the fourth cluster of
trials. The mean baseline scores on the EDSS are 3.67 for the first cluster of trials, 2.47 for
the second, 2.35 for the third, and 2.72 for the fourth. The percentages of female patients in

trials did not change over time.

Changing eligibility criteria and study design characteristics over time

The number of eligibility criteria increased significantly by one criterion every 16 months
(p<0.001). The number of words used in the description of these criteria increased by about
7 words per year (p<0.001), as did the number of characters (about 40 characters per year,
p<0.001). The duration of the placebo-controlled follow-up changed significantly with a
shortening by 16 days of follow-up per year (p=0.006) and the number of patients in the
placebo groups increased by 6.7 patients per year (p=0.004) on average. The number of
patient—years (sample size x follow-up time) used to calculate the trial ARR increased, albeit
non-significantly, over time with 8.5 additional patient years per annum (p=0.051). The

number of treatment arms per trial increased significantly by nearly 1.5 over the last three
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decades (p<0.001), as did the average number of patients in each treatment arm (by 7.0
patients per year, p=0.003). Scores on the OQS slightly increased over time with, on
average, studies scoring an additional point on the scale, which is scored out of five, every

36 years (p=0.021).

Explaining temporal trends in trial ARR

The temporal trend line for the trial ARR shown in Figure 1 explains about 46% of the
variation observed in trial ARR over the years (Figure 4, left column). To gain insights into
the drivers of this trend we utilized meta-regression incorporating changes in patient
populations and trial characteristics. After taking all possible combinations of variables into
consideration, we included pre-trial ARR, the number of years used to calculate pre-trial
ARR, study duration and mean baseline MS duration. For comparison with the simple model
including the time trend only we also added the year of publication. In the resulting model
explaining about 69% of the variation in trial ARR the temporal trend is insignificant with
major contributors being pre-trial ARR, the number of years used to calculate pre-trial ARR,

study duration, and MS duration (Figure 4, right column).

Discussion

The aim of this study was to explain the decrease in trial ARRs in placebo patients that has
been demonstrated previously [5, 6]. We found it to decrease by 4.5% each year in this
study. One possible cause is the observed decrease in pre-trial ARR by nearly 0.8 relapses
per year over the last three decades. This, in turn, may be related to the increasing age and
duration of MS of patients in the trials. Very recently pre-trial ARR and mean baseline age
were independently identified as predictors for on-trial ARR in a smaller number (n=13) of

phase Il trials with at least 18 month follow-up by Stellmann et al. [12]. In our systematic
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review, patients were at baseline on average approximately six years older at the end of our
period of observation compared to the beginning of our observation period. Tremlett et al.
found a reduction in ARRs by 17% for every 5 years of MS duration [13]. The increase in MS
duration by 3.6 years, as observed in our studies, could constitute a 13% decrease in ARRs.
Considering this, in an older trial population with longer disease duration a decrease in pre-
trial ARR with an associated decreasing trial ARR is to be expected. With EDSS scores
remaining relatively stable after an early drop, especially in trials since 1995, this means that
patients in newer studies tend to be later in their disease courses with less disability
compared to patients in older studies. Thus they are likely to have less severe disease
courses. However, one might speculate that longer disease durations might also reflect
earlier diagnoses. The likely driver of these changes in study populations is the widening
availability of increasingly effective treatment modifying those deemed suitable for trials by

clinicians [5].

Another factor contributing to the decrease in trial ARRs is the reduced time period over
which pre-trial ARRs had been calculated; this decreased on average by 1.5 years over the
past three decades. Using shorter periods of time over which pre-trial ARRs are calculated,
might thereby allow trials to include patients who, if pre-trial ARR was assessed over a
longer time span, might not have been eligible for trial inclusion. We suspect the shortening
of the time period considered for the estimation of the pre-trial ARR to be a principal factor
driving the regression to the mean effect previously described by Martinez-Yélamos et al.
[14] and Nicholas et al. [7]. The notion that patients are recruited into a study shortly after a
flare up is supported by the finding that the ARR in the second year prior to recruitment is

just half of the ARR in the year prior to the study.
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While growing numbers of eligibility criteria reflect the increasing understanding and
complexity of possible influences on outcome variables such as the trial ARR, early trials with
fewer eligibility criteria might have been more susceptible to such influences than modern
ones. Similarly, changing definitions of MS and relapses, as well as varying forms of report,
confirmation and treatment in case of relapses undoubtedly play a role, as has been
suggested by Inusah et al. [7]. The Oxford Quality Scale scores of the trials in RMS generally

increased over time — reflecting higher trial quality or better reporting as described [15].

Since the relative incidence of MS in women compared to men has risen from 2:1 to 4:1 over
recent years [16], we were surprised to find stability in the proportion of patients who were
women. Held et al. showed a correlation between on-study relapse rates and female sex [17]
and therefore changes in the gender ratio over time could potentially explain part of the

temporal trends in trial ARR.

According to our meta-regression the temporal trend observed by Inusah et al. [5] and
Nicholas et al. [6] becomes relatively insignificant and other changes explain about 60% of
the variation in the trial ARR. This understanding will allow us to make rational comparisons

of therapeutic effects as increasing numbers of therapies for RMS emerge.
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Table 1: Baseline characteristics of all randomized patients and the placebo groups in

the 56 randomized, controlled trials included in the systematic review.

Placebo patients

All randomized

patients

(years)

N Median (range) N |Median (range)
Number of patients 55 |54 (7 - 556) 55 1148 (13-1644)
Percentage female 47 168.1 (41.2-82.9) 48 |69.6 (52.6-82.8)
Mean age (years) 46 |36.7 (26.5—-43.0) 46 [36.0 (27.7 — 43.6)
Mean MS duration 40 7.2(2.1-11.0) 40 |7.1(26-11.7)
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Figure 1: Pre-trial annualized relapse rate (ARR) and on-trial placebo ARR observed in
the 56 trials identified by our literature search against the calendar year in which the
papers were published. The size of the circles indicates the size of the trial and is
inversely proportional to the standard error of the ARR. The solid lines show the

model values and the dashed lines indicate 95% confidence intervals.
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Figure 2: Rate ratio of ARRs calculated for the year before inclusion and the year

before that for trials reporting ARR for 12 and 24 months prior to the study.

Rate Ratio Rate Ratio
Study or Subgroup  log[Rate Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% Cl
Filippi 2006 -0FE21401 0.05914688  203% 0.47 [0.42, 0.682) 2006 ——
Kappos 2010 -0FE21401 D.0GTY72265 187% 047 [0.41,0.83] 2010 —=—
O'Connor 2011 -0.5596158 0.05370245 21.3% 047 [0.581, 0.63] 2011 —-—
Miller 2012 -0.5306283  0.0803999 1645% 058 [0.40, 0.69]) 2012 —
Saida 2012 -0.4353181 0.330021499 2.3% 0.65([0.34,1.24] 2012
Cami 2012 S0FT31899 0.059940251  2009% 046041, 0.81] 2012 -
Total (95% CI) 100.0% 0.51 [0.46, 0.56] &
Heterogeneity: Tau®= 0.01; Chi®=15.24, df= 5 (P = 0.009); F= 67 % D?S Di? 1?5 %
Testfor overall effect: £=13.07 (P = 0.00001) lower rate higher rate

IV: Inverse variance weights; Cl: Confidence interval; SE: Standard error
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Figure 3: Mean duration of iliness of placebo patients in years, weighted by the
inverse standard error squared. Whiskers indicate the doubled standard error, if
available. The linear fit takes into account all values with standard errors — the

remaining items are colored grey.
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Figure 4: Factors driving the temporal trend in placebo ARR and their importance. Left
column: The temporal trend line for the (logarithmic) trial ARR shown in Figure 1 explains
about 46% of the observed variation in trial ARR over the years. Right column: The Meta-
regression explains about 69% of the variation in trial ARR; the temporal trend is insignificant
with major contributors being pre-trial ARR, the number of years used to calculate pre-trial

ARR, study duration, and MS duration.
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