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Brief Report

Abstract
In Alzheimer’s disease (AD) clinical trials, disease-modifying 
therapies are expected to slow the rate of disease progression. 
Treatment effects are evaluated using a validated clinical scale 
as the difference between treatment and placebo in mean change 
from baseline to endpoint. Understanding the clinical relevance 
of this metric is not necessarily intuitive. Expressing active 
treatment-placebo difference as a time metric (i.e., months 
saved with treatment) has potential to provide a metric that is 
more easily and consistently interpreted. Using data from the 
TRAILBLAZER-ALZ study, time component tests (TCTs) were 
employed to determine the time saved with donanemab (an 
amyloid lowering drug) treatment. At study endpoint (Week 
76), disease progression was delayed by 5.3 months and 5.2 
months as measured by the Integrated Alzheimer’s Disease 
Rating Scale (iADRS) and the Clinical Dementia Rating Sum of 
Boxes (CDR-SB), respectively. 
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Introduction

In the clinical study of treatments for Alzheimer’s 
disease (AD), there is currently a strong focus 
on disease-modifying treatments (DMTs) that 

are expected to slow the rate of clinical decline. This 
focus poses some analytic challenges. Based on their 
mechanism of action, it is optimal to commence treatment 
with DMTs early in disease continuum. At this stage, 
disease progression is often slow and effect sizes for even 
highly effective drugs will be small. Therefore, DMT trials 
typically need to have a large sample size to provide 
adequate power and a long follow up period to show 
meaningful separation between treatment groups.   

In clinical trials, the treatment effect is evaluated 
using a validated clinical scale with results summarized 
as the difference between DMT and placebo groups in 
mean change from baseline to endpoint - that is, through 
assessment of the vertical difference between treatment 
groups (Fig 1, purple line). Translating this vertical 
separation, whether representing the absolute point 

difference between placebo and DMT or a percentage 
slowing in decline with DMT, into the impression of a 
clinical effect is not necessarily intuitive. Moreover, this 
assessment also creates challenges in comparing findings 
across outcomes and between studies where different 
outcome measures have been employed. 

Footnote: At time point Y, the change on the clinical outcome over time is less with 
a disease modifying therapy (DMT) than placebo (or natural disease progression). 
At this time point, the decline on the clinical outcome with DMT treatment (A) 
was reached at time point X with placebo. The difference between X and Y is the 
time saved with DMT.  As an example, a 25% reduction in the progression on an 
outcome measure with a DMT is equivalent to delaying disease progress by 3 
months over 12 months of treatment.

With recent developments in clinical and statistical 
thinking, there may be benefits in translating a point 
change difference into a time component (1, 2). With 
this conversion, focus is shifted from an absolute point 
difference on a clinical outcome scale at endpoint to the 
point difference between DMT and control in the time to 
reach a specified degree of worsening (e.g., change from 
baseline with placebo at study endpoint or the threshold 
for clinically meaningful worsening on that outcome 
measure) or time saved with treatment. This can be 
measured as the horizontal difference between treatment 
groups (Fig 1, red double headed arrow line). This 
time saved approach aligns with the slowing of disease 
progression with a DMT in a continuously accumulating 
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Figure 1. An illustration of a disease-modifying effect 
whereby treatment delays disease progression 
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disease. Of note, for treatments generally thought to have 
primarily symptomatic benefit, related approaches have 
been used previously (3, 4) but they have usually been 
based on time-to-event analysis.

A ‘time saved’ approach has potential for providing 
a metric that is more easily and consistently interpreted 
because it is a direct measure of the time by which decline 
of a patient’s current functional abilities is delayed, 
thereby potentially extending the time patients remain 
independent and engaged in daily activities.

Assessment of the time component also facilitates 
comparison of findings across outcomes (both within 
and between trials) since converting to a time component 
places different aspects of disease pathology on a 
common measurement scale, time. 

The aim of the current study was to apply time 
component tests (TCTs) to the Integrated Alzheimer’s 
Disease Rating Scale (iADRS) and Clinical Dementia 
R a t i n g  S u m  o f  B o x e s  ( C D R - S B )  d a t a  f ro m 
TRAILBLAZER-ALZ, a Phase 2 study of donanemab (a 
DMT, specifically an amyloid lowering therapy) (5), to 
ascertain how the 32% slowing of disease progression 
seen with donanemab treatment over 76 weeks translates 
to time saved. 

Methods

TCT methodology

The TCT can be used to assess treatment effect when 
the treatment is expected to be disease modifying and is 
applicable only when the placebo group exhibits decline.

The TCT uses the least squares mean estimates from 
a primary analysis, such as mixed models with repeated 
measures (MMRM) over time, rather than individual 
participant data. Instead of focusing on absolute 
differences between mean changes in units of the 
outcome scale, the TCT aligns the least squares means 
from a primary analysis in the DMT group with the 
means in the placebo group at earlier time points using 
linear interpolation to assess the horizontal distance 
between treatments. For example, if the iADRS change 
from baseline at 76 weeks is -8 for the DMT group and 
for the placebo group this iADRS change from baseline 
of -8 occurs at 52 weeks then the time saving with the 
DMT is 24 weeks. The resulting summary measure of 
the treatment effect is in units of time - the amount saved 
with treatment. The standard error of the estimate is 
also converted to the time scale. TCTs can be applied 
to individual outcome measures and also combined to 
provide integrated evidence of efficacy across outcomes 
(6). In the latter case, the TCT methodology is used for all 
outcomes individually, and then estimates are combined 
accounting for the correlation between each outcome 
included in the TCT.

TRAILBLAZER-ALZ

TRAILBLAZER-ALZ (5)  was  a  mult icenter, 
randomized, double-blind, placebo-controlled Phase 
2 trial designed to assess the safety and efficacy of 
donanemab in patients with early symptomatic AD. 
The primary outcome of the study was the iADRS (7, 
8), an integrated assessment of cognition and daily 
function comprised of items from the Alzheimer ’s 
Disease Assessment Scale-Cognitive subscale (ADAS-
Cog13) (9, 10) (and the Alzheimer’s Disease Cooperative 
Study- Activities of Daily Living (ADCS-iADL) (11, 12), 
measuring the AD core domains across its continuum. 
In the pre-specified primary MMRM analysis, the mean 
change from baseline to endpoint (76 weeks) in the 
iADRS score was −10.06 in the placebo group and −6.86 
in the donanemab group (p=0.04); the 3.2-point difference 
(Fig 1, purple line) translates to a 32% slowing of disease 
progression with donanemab. The first key secondary 
outcome of TRAILBLAZER-ALZ was the CDR-SB (13); 
the change from baseline at 76 weeks was 1.58 in the 
placebo group and 1.22 in the donanemab group; the 0.36 
point difference (Fig 1, purple line) translates to a 23% 
slowing with DMT (difference not statistically significant).

Using the TRAILBLAZER-ALZ dataset, the TCT was 
applied to both the iADRS and the CDR-SB individually, 
and also with outcomes combined. 

Results

Figures 2a and 2b (Part I) show the least squares 
means (+/- standard error) by treatment over time for 
the iADRS, and the CDR-SB, respectively, based on pre-
specified MMRM analyses. At study endpoint (Week 
76), disease progression was delayed by 5.3 months 
and 5.2 months as measured by the iADRS and CDR-
SB, respectively. Figures 2a and b (Part II) show time 
saved in the donanemab treatment group relative to 
placebo at various time points during the study. Based on 
results from the MMRM analyses of the two endpoints 
combined, disease progression was delayed by 5.2 
months (Figure 2c). The baseline to endpoint findings 
for the iADRS, CDR-SB individually and combined are 
summarized in Figure 2d. 

Discussion

Starting a DMT early in the disease process and 
assessing a meaningful effect during the relatively 
brief (e.g., 18-month) clinical trial period is essential in 
understanding the value of a treatment (2). The standard 
analysis approach focuses on the difference between 
treatments in mean change from baseline to endpoint on 
a validated scale, but the findings expressed this way are 
open to misinterpretation. For example, a small difference 
in absolute point change between DMT and placebo 
groups on a scale with a large range may be viewed as a 
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Figure 2. Findings from time component tests (TCTs) applied to a) the iADRS, b) the CDR-SB and c) the iADRS and 
CDR-SB combined data from TRAILBLAZER-ALZ. Part I shows the absolute point change from baseline on the scale 
and the weeks saved at 76 weeks of treatment; Part II shows the weeks saved over time. d) summarizes the 76-week 
findings for the iADRS, CDR-SB, and iADRS and CDR-SB combined 

Footnote: For a) to c), Part I shows mean +/- standard error; Part II shows mean and 95% con�dence interval; Abbreviations: CDR-SB, Clinical Dementia Rating Sum of Boxes; CI, con�dence 
interval; iADRS, Integrated Alzheimer’s Disease Rating Scale; mo, month; SE, standard error 
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minimal or modest effect of the DMT. Yet, with a deeper 
understanding of the scale, it will be evident that this is 
not necessarily the case. The difference in point change 
between placebo and DMT should be considered in the 
context of the dynamic range (i.e., expected change over 
time for a specific population), which is generally not the 
full score range (14, 15). In addition, it is often incorrectly 
assumed that the point difference between DMT and 
placebo groups at a specified time point (between group 
difference) should be assessed against the minimal 
clinically meaningful change (also termed minimal 
clinically important meaningful difference [MCID]). The 
MCID is the within-person point change associated with 
notable impact on the individual/care partner well-being 
(i.e., not a between-group difference) (14). 

Some of the misunderstanding around difference in 
absolute point change between treatment groups can be 
addressed by expressing the study finding as a percent 
slowing (i.e., mean change from baseline to endpoint 
on a clinical scale with DMT as a percent of that seen 
with placebo) (14), although interpretation may still 
not be straightforward. Moreover, these clinical scale 
findings expressed at study endpoint fail to account for 
any nonlinearity in disease progression and treatment 
response.  

We can facilitate a broader understanding of clinical 
trial findings by converting scale findings to the well-
understood metric of time and expressing treatment 
effects as time saved compared to placebo. This metric 
may be more closely associated with what patients and 
their care partners want to know about AD - that is, how 
long treatment will maintain their current lifestyle and 
delay transition to a more advanced stage of disease 
with less independence and increased burden on the 
care partner (16). An additional benefit of the TCT is 
that it facilitates comparisons across studies where 
different outcome measures have been employed, with 
the caveat that one need to be cognizant of other trial 
differences (e.g., patient population, time of treatment). 
Finally, unlike percent slowing measured as a difference 
in change from baseline on an outcome scale, time 
component testing allows for non-linearity in disease 
progression and treatment. 

In the current study, we applied straightforward 
TCT methodology to the TRAILBLAZER-ALZ data, 
specifically the iADRS and CDR-SB data, to determine the 
time saved was similar across the 2 measures (5.3 months 
[p<0.05] and 5.2 [not statistically significant] months 
as measured by the iADRS and CDR-SB, respectively). 
This time saving aligns with the difference in percent 
slowing with the iADRS (32%, p=0.04) versus the CDR-
SB ((23%, not statistically significant) (5).  The difference 
in statistical significance of the findings between CDR-
SB (not significant) and iADRS (statistically significant) 
is likely because iADRS is a more robust  outcome than 
CDR-SB in that the score is not as vulnerable to random 
noise (14). 

In addition to the TCT that is based on group level 
results, TCTs can be formulated for individual participant 
data and then aggregated into group-level summaries. 
Using TRAILBLAZER-ALZ data, with the individual 
participant data TCTs, 4-5 months were saved with 
donanemab treatment (findings presented at the 15th 
Clinical Trials on Alzheimer’s Disease conference, 2022 
(17)).  

While the individual outcomes provide valuable 
information on treatment effect, combining TCTs across 
outcomes can create a more robust and accurate summary 
of time saved; as shown in Figure 2, less variability was 
seen in combining TCTs for the iADRS and CDR-SB. 
Of note, this is not combining iADRS and CDR-SB as a 
composite score but instead the estimates measuring the 
time components of each outcome measure are combined. 

Given the novelty of the TCT when used to assess 
DMT effect, it is not surprising that for TCTs based on 
individual participant data several analytic approaches 
are being considered. For example, Raket recently used 
progression models for repeated measures (PMRM) 
to similarly estimate treatment effects as slowing of 
progression (i.e., time metric) (1). Using time-based 
PMRM methodology with the TRAILBLAZER-ALZ 
dataset resulted in similar findings to those presented in 
this paper (5.4-5.8 months saved) (data on file). A further 
TCT based on individual participant data was presented 
recently (18).  With the individual participant approach, 
it is also possible to categorize each participant’s response 
based on whether a clinically meaningful threshold 
has been achieved. This approach is an area of ongoing 
research. 

In conclusion, providing information on drug effect 
as a time metric (i.e., months saved with treatment) is 
of value to the clinician, patient and care partner. It is 
easier to understand and more clinically applicable than 
difference in absolute or percent point change on a clinical 
scale. It also allows for more valid comparisons across 
studies. 
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