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Background: Six cholinesterase inhibitors (ChEls) have been tested in people with Alzheimer’s disease,
using methods currently required for regulatory approval. The clinical importance of their treatment effects
is controversial.

Objective: To determine whether cholinesterase inhibition produces treatment effects in Alzheimer’s
disease that are large enough to be clinically detectable.

Methods: Overview analysis of published trials of ChEls in which the Alzheimer’s Disease Assessment
Scale—Cogpnitive Subscale (ADAS-Cog) and a global clinical measure were primary outcomes. Two
quantitative summary measures of the treatment effect (Cohen’s d and the standardised response mean
(SRM)) were calculated and presented as funnel plots. Observed cases analyses and intention to treat (ITT)
with the last observation carried forward (LOCF) analyses were compared.

Results: The median Cohen’s d effect sizes (ES) using ITT samples with LOCF for the ADAS-Cog were: low
dose of a ChEl (n=8 studies) median ES=0.15, range=0.03-0.22; medium dose (n=13) median
ES=0.23, range =0.12-0.29; high dose (n=9) median ES=0.28, range=0.01-0.31. In general, the ES
were larger when calculated as SRMs (for example, high dose ChEl studies, median SRM=0.47;
range=0.30-0.63) and highest in the observed cases analyses (for example, high dose median
SRM=0.56, range=0.35-0.78).

Global clinical scales produced similar estimates of ES (for example, high dose ChEl, ITT/LOCF median
Cohen’s d=0.29, range =0.20-0.47).

Conclusions: ChEls produce small-moderate effect sizes in clinical trials which are reproducible and
demonstrate a dose response. Better descriptions of the patterns of treatment response are needed to guide
individual patient decisions about the effectiveness of treatment, but group effects are evident and appear
large enough to be clinically detectable.

used for several years to treat Alzheimer’s disease

(AD), scepticism about their effectiveness persists.
Many trials are short, the outcome measures are problematic,
trials patients are generally healthier than most with the
disease, and the treatment effects seem small."'? Moreover,
there is concern about how the data have been analysed."”
Given that decline can be expected even in short trials, and
that ChEIs engender more side effects than placebos,
intention to treat (ITT) analyses that employ a last observa-
tion carried forward (LOCF) method of handling missing
data are suspect. Briefly, the concern is about so-called drop-
out bias,” which occurs when patients who withdraw have
systematically different outcomes than those who do not.
While it is easy to imagine circumstances under which an
LOCF analysis would be conservative—for example, if
patients actively treated withdraw before they can recover
from their illness, in the setting of AD trials, dropout bias
could actually favour treatment. This would be the case if
patients on active treatment more often withdrew early, due
to side effects and before they had a chance to decline,
whereas patients on placebo withdrew late and more often
because of inefficacy. In consequence, LOCF analyses could
actually compare patients on treatment with better scores
with patients on placebo with worse scores.

Concern has also been expressed about the varying mixes
of mildly and moderately impaired patients in the trials."> As
moderately impaired patients decline more quickly than do
mildly impaired ones,'* ” any treatment effect is likely to be
more demonstrable with that group. Indeed, it has been
demonstrated that the rate of progression of dementia

! Ithough cholinesterase inhibitors (ChEIs) have been

predicts the response to cholinesterase inhibition.'" Thus,
from the standpoint of interpreting clinical meaningfulness,
using trial data based largely on patients with moderately
severe dementia to counsel patients with mild dementia is
problematic.

Attention also has been drawn to the difficulty in
generalising to daily clinical practice data from clinical trials
carried out for regulatory purposes.'” The outcome measures
used to evaluate ChEIs are not much used in clinical practice.
The primary outcomes usually have been the Alzheimer’s
Disease Assessment Scale—Cognitive Subscale (ADAS-Cog)"”
and a global clinical measure, typically the Clinician’s
Interview-Based Impression of Change Plus Caregiver Input
(CIBIC-Plus). Tests such as the ADAS-Cog and CIBIC-Plus
are seen as surrogate measures compared with ‘““harder”
measures, such as a delay in institutionalisation. The
Cochrane Collaboration review of donepezil, for example,
concluded that ““the practical importance of these changes [in
the ADAS-Cog] to patients and carers is unclear”. Even
though the CIBIC-Plus scores ““clearly show some impact on
global clinical states ...” ‘“the rating scale is crude and
difficult to interpret”.'

This paper seeks to better understand the clinical mean-
ingfulness of ChEIs in AD from the published data. It follows

Abbreviations: AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s
Disease Assessment Scale—Cognitive Subscale; ChEls, cholinesterase
inhibitors; CIBIC-Plus, Clinician’s Interview-Based Impression of Change
Plus Caregiver Input; ITT, intention to treat; LOCF, last observation
carried forward; OC, observed cases; SRM, standardised response
mean
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Figure 1 ADAS-Cog estimates of the size of the treatment effect

(Cohen’s d, intention to treat) by dose (see text for definitions).

the suggestion that effects will be clinically meaningful if
they are statistically significant, large enough to be detect-
able, demonstrate a dose-response effect, are reproducible,
and evidently clinically observable.'* We have also used the
opportunity of systematically reviewing the data to gain some
insight into the impact of LOCF analyses by comparing the
effect sizes of ITT/LOCF with observed case analyses.

METHODS

Search strategy

For the selection of published trials the search strategy of the
Canadian Coordinating Office for Health Technology
Assessment (CCOHTA) was followed.® Briefly, the CCOHTA
selected trials by standard methodological criteria, which
were then subjected to a blinded quality assessment using the
Jadad Scale."” Only those with a quality score of 5 or more
were accepted. To maximise comparability, only those ChEI
trials that used the ADAS-Cog and a separate global clinical
measure were included, and these were restricted to trials
with community dwelling patients with mild moderate AD.
Qizilbash has urged caution in meta-analyses in dementia.*
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Figure 2 Other ADAS-Cog estimates of the size of the treatment effect
by type of effect size, and type of analysis, by low, mid (medium),
and high doses.

Rather than a meta-analyses, a narrative review was under-
taken with attention to trial selection, comparability and
method of analysis, and with pre-specified criteria of the
assessment of clinical meaningfulness.

Herein are summarised data for five trials of donepezil,*'~*
three of metrifonate** and two of rivastigmine.” ** Since
the CCOHTA review was published, five additional trials
of galantamine have become available and have been
included.”” We have also included the two tacrine
trials that met all criteria®* as did three trials of
physostigmine.***
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5 \ \ \ \ \ |
0 1 2 3 4 5 6

Weeks after the initiation of the trial

Change in the ADAS-Cog score from baseline

Figure 3 Inter-trial variability on ADAS-Cog placebo responses in
Alzheimer's disease trials.

Operationalisation of the criteria to assess
meaningfulness

Statistical significance was assessed through an overview of the
published literature, and held to be the case whenever the
primary analysis demonstrated that the results were unlikely
(p<<0.05) to have been observed if the null hypothesis (of no
difference between the active treatment and placebo groups)
were true.

The criterion of being large enough to be clinically detectable
was assessed by estimating effect sizes. Although the term is
sometimes used simply to refer to the absolute differences
between placebo and treatment groups,’> a standard effect
size relates this number to the observed variance in the

A CIBIC+ (ITT)
500 —
450 - A an .
400 - LY T
| ]
o 350~ o -
5 300 — ¢ o = &=
[ |
2 250 , . e = -
E 200 A
w | |
150 Low dose
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0 0.1 0.2 0.3 0.4 0.5 0.6
Drug placebo difference
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400 R R
350 |- S
g %or -
o 250 . e o "
g 200
& 150/ : )
A low dose n
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50 | m High dose A
o \ ! ! ! ! \
0 0.1 0.2 0.3 0.4 0.5 0.6

Drug placebo difference

Figure 4 Size of the treatment difference in the CIBIC-PLUS raw score,
by method of analysis.
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measures.” Effect sizes were calculated as either (or both,
where available) Cohen’s d or standardised response means
(SRMs). Both Cohen’s 4 and SRMs calculate a “signal”, for
any measure, as the mean difference at the endpoint between
those on active treatment and those on placebo, given
baseline differences (that is, x;,—¢ — Y-, Where x is the
active treatment group, y is the placebo group, t, is the
endpoint and t; is the baseline). Both compare this signal in
the average difference to an estimate of “noise”: either the
pooled baseline deviation (Cohen’s d) or the pooled standard
deviation of the change score (SRM). In the calculation of
both Cohen’s d and SRM, and given that higher scores of
each of the CIBIC-Plus and ADAS-Cog suggest worse disease,
effect sizes that favour treatment will have negative values.
Each study showed favourable effects, so that, for conve-
nience only the absolute values are presented.

On theoretical grounds, and given that the best bias is
conservative—that is, least likely to show a treatment benefit,
the choice between Cohen’s 4 and SRM depends on
assumptions about the characteristics of the sample under
study. If the sample is artificially homogeneous at the outset
(for example, as a result of strict inclusion/exclusion criteria)
then the baseline variance will be artificially small, Cohen’s 4
will be speciously large, and thus SRM would be preferred.
On the other hand, if the sample becomes more homo-
geneous over time (for example, through survivor effects) the
opposite would be the case and Cohen’s d would be preferred.
As this proposition has not been formally tested in anti-
dementia trials, where possible, we present both estimates.
Also presented are the absolute differences in relation to
overall patterns of improvement or decline. We also
estimated these measures with those observed to have
completed the trial (observed cases; OC) and with the
LOCF in an ITT analysis. Not every study precisely specifies
the definition, but here the ITT sample is taken to comprise
all patients who received at least one dose of double blind
study medication, and for whom data are available from the
baseline evaluation and at least one post-baseline assess-
ment. An ITT/OC analysis includes only those patients who
received at least one dose of study medication, had a baseline
evaluation, and had a final evaluation at the scheduled end of
the trial while on double blind study medication. This is also
referred to as a ““completers” analysis. An ITT/LOCF analysis
consists of all patients who received at least one dose of study
medication, and had at least one pretreatment evaluation and
one evaluation after the start of treatment. The last
observation is carried forward and used as a so-called
endpoint evaluation.

Few published studies provide baseline standard deviation
scores or standard deviations of the change scores, but these
can be calculated from the sample size and standard errors of
the mean treatment difference or confidence intervals.
Whether these differences were large enough to be clinically
detectable was considered on two grounds. Effect sizes
greater than 0.20 are conventionally held to be clinically
detectable.* In addition, effect sizes for individual trials were
correlated with scores on the global clinical measure used in
the trial.

Where a dose-response relationship holds, the effect size
will show peaks for each dose. In the case of most ChEIs, two
doses were assessed: a low dose and a medium-high dose.
Where each higher dose is reported separately, separate effect
sizes are presented, giving small, medium and high dose
effect size estimates. The doses were as follows: donepezil, no
low dose, medium dose 5 mg daily, high dose 10 mg daily;
rivastigmine, low dose 1.5 mg twice daily, medium-high dose
3.0 mg twice daily or higher; metrifonate, low dose 0.2 mg/kg
bodyweight, medium dose 0.3 mg/kg, high dose 0.65 mg/kg;
galantamine, low dose 4 mg twice daily, medium dose 8 mg
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twice daily, high dose 12 mg twice daily or higher. Note that
to achieve the highest dose, there is interval dose titration.

The demonstration of a dose response was tested by comparing
effect sizes of a given drug across doses of that drug, and
likewise between drugs. These data are presented as funnel
plots. Funnel plots display the effect size against the sample
size.* They derive their name from the probability property
that a sample estimate will more closely approximate the true
value of the population parameter the larger the sample size,
other things being equal. In consequence, the effect size will
“funnel in” on the true value as the sample size increases.

Reproducibility was assessed first by examining the range of
effect sizes between trials on the funnel plots. In addition, the
distribution of the effect sizes across different ChEIs was
observed. In each case, reproducibility was defined as
comparability of the effects, considering variable sample size
and trial duration, as portrayed in the funnel plots.

The criterion of being “evidently clinically observable”” was
operationalised as a statistically significant difference on the
CIBIC-Plus or like global clinical measure. To summarise
these measures, where no baseline variance is possible, and
where change score variance terms are rarely presented, the
effect size was calculated simply as the absolute difference in
the proportions deteriorating, improving, or demonstrating
no change. Their size and potential to show dose-response
relationship can also be considered as measures of the
reproducibility of the data.

RESULTS

Table 1 presents an overview of the dosing and size of each
trial, the ratio of patients screened to those enrolled and the
number of withdrawals from each arm of the trial. While
withdrawals vary between the trials, there are more with-
drawals in the treatment arms than in the placebo arms.
Figure 1 presents a funnel plot of the effect sizes of ChEIs on
the ADAS-Cog for the ITT/LOCF using Cohen’s d, for the low,
medium, and high doses (panels A-C, respectively).
Statistical significance was obtained in each of the studies
with an effect size of more than 0.15 and a sample size of
more than 250 (p<0.05). With four exceptions (from one
study each of tacrine, rivastigmine, galantamine, and
physostigmine) the high doses of each study showed effect
sizes of greater than 0.20 using Cohen’s d and the LOCF/ITT
analysis. In every case, the effect size was greater than 0.20
with the highest dose using the SRM. Figure 2 is the funnel
plot for the ITT/LOCF using the SRM (panel A) and for the
OC (panels B, C) analyses. Individual data points are plotted
for each drug at each dose. In the ITT/LOCF analyses using
Cohen’s d as the estimate of effect size, peaks are detectable
at about 0.15 (panel A) and 0.25, corresponding roughly to
low and medium-high doses, respectively. The SRMs (fig 2,
panel A) likewise show peaks, at about the median values of
0.26 (low dose) and 0.47 (high dose). As would be expected,
the highest estimates are seen in the OC analyses (fig 2,
panels B, C), with, for example, a median SRM in the OC
medium-high dose studies being 0.56; (range 0.35 to 0.78).

Figure 3 provides some context for these estimates by
noting the course of the ADAS-Cog changes in the placebo
arms of the trials. With two exceptions, the trials show
persistent declines in the placebo arms over time, although
the rate of decline varies.

Figure 4 is a funnel plot of the effect sizes of ChEIs on the
CIBIC-Plus for the ITT/LOCF (panel A) and OC (panel B)
analyses. Individual data points are plotted for each drug at
cach dose. Again, two peaks are detectable, one about 0.15
and another about 0.25, corresponding to low and medium-
high doses, respectively. In general, the global clinical
measures produced estimates of effect sizes (where these
could be calculated) that were similar to the ADAS-Cog—for
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example, high dose ChEI, ITT/LOCF median SRM is 0.29
(range 0.20 to 0.47). The correlation of the ADAS-Cog effects
sizes to the CIBIC+ effect sizes for ITT analyses was 0.29 for
the ITT/LOCF analyses and 0.60 (SRM) for the OC analyses.

DISCUSSION

This study is part of a general strategy to assay the clinical
importance of ChEIs. The studies reviewed suggest that anti-
dementia drug trials show statistically significant differences
that are large enough to be clinically detectable, demonstrate
a dose response, are reproducible, and thus have evident
clinical meaningfulness.'”® Although controversy exists,*
ChEIs appear to have a biologically plausible basis.* * In
general, ChEIs produce clinically detectable effects on groups
of patients treated for AD. The effects appear to be broadly
reproducible, to demonstrate a dose response, and to be large
enough to be clinically detectable.

These conclusions must be made with important caveats.
Not all the data are available from all trials, as some
employed different measures of cognition. Still, the ADAS-
Cog is now accepted as a standard, and decisions are being
made about ChEIs on the basis of this measure, so it is useful
to have some insight into its merit in drug trials. Another
potential problem is publication bias. As far as can be
determined, this report includes all known pivotal studies
that employed the ADAS-Cog, for each of the three ChEIs
widely used for AD, but we note that there are no estimates
with small sample sizes and small effect sizes, which is often
a sign of publication bias.*

Another limitation is the generalisability of clinical trial
data. Necessarily, the only patients considered in this
overview are those who were eligible to take part in clinical
trails. Given that dementia and multiple medical comorbid-
ities are all strongly age related,* many patients who suffer
from dementia are not eligible for trials. In addition, many
who meet an initial prescreen evaluation are excluded, so
that only about 13% of patients referred for trials are
enrolled.® “Real world” effectiveness is therefore a challenge
in interpreting clinical meaningfulness,® although this is not
limited to anti-dementia trials.*°

The present analysis also helps provide some context for
new studies. For example, data from two placebo controlled
trials of donepezil have been published, which offer some
insight into the size of the treatment effects for more than the
maximum six months of the studies presented. Mohs et al
studied 431 patients in a 54 week trial of donepezil versus
placebo.” The study did not use the ADAS-Cog or CIBIC-Plus,
but rather employed a survival analysis of decline in one or
more basic Activities of Daily Living. The Mini-Mental State
Examination (MMSE)> was the main cognitive measure.
Cohen’s 4 was 0.13 using the OC analysis, and 0.20 using the
LOCF analysis. Winblad ef al used the MMSE in a 52 week
placebo controlled trial of donepezil.” We calculated Cohen’s
d to be 0.42 using the OC analysis and 0.57 using the LOCF
analysis. Thus estimates of long term effects vary between
these trials, which have important design differences.
Differences in drug effects also appear to exist between
domains. For example, a meta-analysis of the impact of
ChEIs on behaviour showed that while most produced
statistically significant differences, effect sizes typically were
less than 0.20.**

Perhaps the most important caveat is that these group
effects do not assist in the interpretation of a given effect in a
given patient. The trials conducted for regulatory purposes
are helpful in telling us that something is going on, but they do
not tell us enough about what that is to provide much of a
guide for individual patient decisions. This dilemma is
perhaps best expressed by the dominance of the ““no change”
category on the CIBIC-Plus, which remains the single most
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common summary outcome of treatment. It is generally not
the case that patients exhibit no clinically detectable change.
Rather, it appears to be that these patients experience
changes that the treating clinicians judge to be offsetting—
for example, cognitive improvement but functional decline,
or functional improvement but behavioural worsening.” >
Perhaps buried in these summary scores are detectable
patterns of change that may consist of reproducible effects
of treatments. To mine these patterns, additional strategies
are required.””>® Also, it appears that changes of a given
magnitude in a measure such as the ADAS-Cog are variable—
that is, a four point change indicating differing treatment
effects depends on not just the severity of dementia, but also
on the rate of disease progression.'®

Still, analysis of effect sizes offers a means of under-
standing clinical meaningfulness by suggesting where it is
likely to occur, and how likely it is to be evident to observers
with varying degrees of expertise. It also allows comparison
of the responsiveness (sensitivity to change) between
measures within a given trial,” and provides some insight
into the effects of new drugs or new indications. For example,
the six month data® on the Ginkgo biloba extract EGb761 in
the treatment of AD show effect sizes (Cohen’s ) comparable
to the effect sizes of cholinesterase inhibition (ADAS-Cog ITT
0.42 in OC analysis, and 0.33 with ITT/LOCF; Clinical Global
Impression of Change (CGIC) 0.29 with OC analysis and 0.18
with ITT). In contrast, the 12 month data® show an effect
size of 0.20 with the ADAS-Cog, and 0 with the CGIC.
Similarly, in a six month study in moderate to severe AD,
patients on donepezil showed a small degree of improvement
on the CIBIC-Plus, compared with continued decline in the
placebo control group, resulting in an effect size of 0.49 (ITT/
LOCF; the OC analysis was 0.37).® The effect size (SRM)
detected by the CIBIC-Plus in a memantine trial was 0.27
(the absolute difference was 0.3).” In a placebo controlled
study of donepezil in vascular dementia, the effect sizes
demonstrated by the ADAS-Cog ranged between 0.30 and
0.37, depending on the dose (5 mg or 10 mg) or whether the
LOCF or endpoint analysis was used.®* These estimates were
similar to those seen in another trial using galantamine, in
which the six month treatment effect size estimated by the
ADAS-Cog was 0.35.”

The effect size method thus allows for some quantification,
and takes into account response in the placebo group, as does
the estimate of the “number needed to treat”* which also
can be seen as a variant of an effect size calculation for
proportions.* These methods thus seem to be superior to
estimation of the “minimal clinically important difference”
which estimates signal better than noise, and which does not
readily capture large placebo related changes.*”

As noted, anti-dementia trials face the particular challenge
of likely deterioration with or without treatment, and thus
the problem of dropout bias, especially when early disconti-
nuation is due to side effects related to medication. If patients
exposed to drugs withdraw due to side effects, the effective-
ness of the drug would be overestimated by an analysis
which did not take dropout into account. In general, the
remedy for this is an ITT analysis, employing either of two
methods to handle missing data. In the ITT-non-completer
equals failure method any patient whose data are missing is
considered a treatment failure. Perhaps it was the experience
of toxicity with the early ChEIs that persuaded the Cochrane
Collaboration reviewers of ChEIs to be sceptical about the
otherwise supposed, conservative bias (with respect to
placebo effects) of an ITT/LOCF analyses. Although, in
theory, early withdrawal can serve either to give a smaller
or a larger effect than would have been the case had patients
stayed in the trial, the present overview showed the ITT/LOCF
analyses to be more conservative than the ITT/OC case
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analyses. A preferred method is the retrieved dropout
analyses, in which patient measures are taken at the
scheduled endpoint of the trial, whether they stayed in the
study or not. This is not yet the standard for anti-dementia
trials.

This study also helps contribute to our understanding of
how to interpret the CIBIC-Plus. Although for the grouped
data the effect size estimates of the CIBIC-Plus and ADAS-
Cog overlapped, the correlations between them were only
notional for the ITT/LOCF analyses (~0.30) but higher for the
OC analyses (0.60). This suggests both that each measure
assays different aspects of the treatment effect,” in keeping
with the original rationale for the use of a global clinical
measure,” * and that patients who successfully complete
studies might have recognisable profiles. The Ilatter is
important as clinicians (and thus the CIBIC-Plus) appear to
be better at capturing deterioration than at capturing
improvement,” especially if improvement in some domains
is seen in the face of deterioration in others.” > Such
considerations point to a larger and compelling problem,
which is not well addressed by the current studies, of how we
get to grips with the idea of treatment success in AD, even
when that success falls short of cure.” As argued elsewhere,
one important step in getting to grips with how to evaluate
this aspect of clinical meaningfulness would be to assay the
preferences of patients with AD, and the preferences of their
caregivers.”” > 7!

Estimation of the achievement of patient and caregiver
preferences in anti dementia trials might also allow a better
means of comparing drug treatment effects with effects that
arise from non-pharmacological interventions. For example,
in a meta-analysis of psychosocial interventions for care-
givers of people with dementia, Brodaty and colleagues
showed that such interventions yielded caregiver benefits of
about 0.30 for any main outcome.” Types of outcomes varied,
being most successful in helping with the patient’s mood,
and least successful in helping with caregivers’ feelings of
burden. Comparing like outcomes with like is important if we
are to adjudicate the concern that drug treatment for
dementia is claiming more than its fair share if resources.”

In short, with reasonable consistency, ChEIs produce
small-moderate effect sizes in clinical trials. A dose response
can be demonstrated, and the patterns appear to be replicable
both within and across trials. Dropout bias remains a concern
in understanding group differences. Better descriptions of the
patterns of treatment response are needed if we are to be
guided in individual patient decisions about the effectiveness
of treatment.
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