
Table 1 | Selection Criteria

Criterion Selection

Indication Alzheimer’s disease

Recruitment 
Status

Recruiting, not yet recruiting, active—not recruiting, completed, enrolling 
by invitation, suspended, terminated, withdrawn, unknown status

Sex Males and females

Age All age groups

Study type Interventional clinical trial

Phase Early Phase I, Phase I, Phase II and Phase III

Funder type Industry

Graph 2 | Type of Intervention Models from 2005 to 2017
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Graph 3 | Type of Interventional Models by Study Phase
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Graph 6 | The Frequency of Selected Global Assessments from 2005 to 2017
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■ Clinical Dementia 
Rating (CDR)

■ Clinician Global 
Impression of 
Change/Severity 
(CGI-C/S)    

■ Clinician's Interview-
Based Impression of 
Change Plus Care-
giver Input (CIBIC+)    

■ Combination    ■ No Global Scales    

■ Alzheimer’s Disease 
Cooperative Study-
Clinician’s Global 
Impression of 
Change (ADCS-CGIC)

Graph 7 |  The Frequency of Cognitive Assessments in AD-Related Trials  
from 2005 to 2017

Graph 4 | Changes of the studied populations across time
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■ ADAS-Cog
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    ■ ADAS-Cog + Other  
    ■ MMSE

■ Other
■ No Cognitive Scales

■ ADAS-Cog + MMSE + Other

■ ADAS-Cog + Other    

■ Mini-Mental State 
Exam (MMSE)

■ Other   ■ Alzheimer's Disease 
Assessment Scale-cognitive 
subscale (ADAS-Cog)

■ No Cognitive Scales  

Graph 8 |  The Frequency of Functional Assessments in AD-Related Trials  
from 2005 to 2017
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Assessment for 
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Graph 10 |   Number of Studies Reporting Use of CSF Biomarkers from 2005 to 2017

0 10 20 30 40 50 60 70 80 90 100

Phase I

2005–
2009

2010-2013

2014-2017

Phase II

2005–
2009

2010-2013

2014-2017

Phase III

2005–
2009

2010-2013

2014-2017

■ None    ■ Single    ■ Double    ■ Triple    ■ Quadruple

Phase 2Phase 1 Phase 3

100

90

80

70

60

50

40

30

20

10

0

Pe
rc

en
t

 Phase I Phase II Phase III

Number of studies

Graph 9 |  The Frequency of Neuropsychiatric Assessments in AD-Related Trials 
from 2005 to 2017
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Inventory (NPI)
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Scales    

■ Behavioral symptoms 
in Alzheimer's disease 
(BEHAVE AD)

Graph 5 | Blinding Type Used by Study Phases I–III
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Graph 1 |  Number of Alzheimer’s Disease-Related Studies Initiated from 2005 to 2017
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1 | Introduction

New drug development for the treatment of Alzheimer’s disease (AD) is severely 
needed. After three decades of research, the FDA has only approved four 
cholinesterase inhibitors and memantine. Researchers, such as Schneider (2008), 
have turned to explore the way in which AD-related clinical trials are conducted. In 
his review of AD clinical trials conducted between 1987 and 2007, Schneider argues 
that a major barrier against the progress of potential treatments is due to an over-
reliance on past development programs for older and generally unsuccessful drugs 
in determining current development programs. This poster aims at providing insight 
into AD clinical trial methodologies applied between 2005 and 2017 by analyzing how 
the following characteristics have evolved over time: 1) type of AD-related studies; 
2) study design (interventional models and masking type); and 3) outcome measures 
(cognitive, neuropsychiatric, functional, and biomarkers). A longitudinal analysis may 
provide a deeper understanding of clinical trial temporal dynamics and how trial 
landscape has changed in response to emerging research discovery.

2 | Methods

The data analyzed in this study was extracted from www.clinicaltrials.gov on 
December 6, 2017. The selection criteria that were applied when the data were 
extracted are listed in Table 1. 

The result of the selection criteria yielded a total of 656 studies between 2000 and 2018. 
However, 78 trials conducted prior to 2005 and in 2018 were excluded from the analysis, 
which resulted in total 578 clinical trials that were analyzed in this study. There was one 
primary reason to exclude these trials from the analysis. Pharmaceutical companies were 
not mandated by the Food and Drug Administration (FDA) before 2005 to report their 
trials into Clinicaltrials.gov. Thus, prior to 2005, it was assumed that the number of trials 
registered into the website was not comprehensive and could potentially skew results of 
this study. It is also noteworthy to mention that trials of non-pharmacologic therapeutic 
approaches such as devices, cognitive therapies and medical food, as well as trials of 
biomarkers were included in the analysis, although they constituted a marginal number 
of studies and did not affect the analysis results significantly.

The studies were divided into three relatively equivalent time periods: 2005 – 2009 (five 
years), 2010 – 2013 (four years) and 2014 – 2017 (4 years). In terms of study phases, 259 
Phase I, 205 Phase II, and 114 Phase III studies were reviewed. All statistical analyses (chi 
square metric; χ2) were undertaken in exploratory fashion, without a priori hypotheses; 
alpha was set at 0.05. Descriptive statistics were utilized to characterize the data by: 
number of trials, year of study initiation, trial indication, use of Cerebral-Spinal Fluid (CSF) 
biomarkers, intervention model type, masking type and use of outcome measures (i.e., 
cognitive, functional, neuropsychiatric and global scales).

3 | Results

Results: Number of AD-Related Clinical Trials From 2005 to 2017

The number of AD-related trials has significantly increased over time (r = 0.64, 95% CI: 0.59-
0.69; P<0.01). Despite this significant increase over time, one year, 2009, represented an 
anomalous high volume of trials in the field (N = 66).

These trials included multiple compounds and sponsors (e.g. ACC-001 by Janssen, 
Bapineuzumab by Janssen & Pfizer, Dimebon by Medivation & Pfizer, Florbetapir F18 
by Avid Radiopharamaceuticals). 95% of the initiated trials included patients in the 
mild-to-moderate or moderate-to-severe disease stages.

3 | Results (continued)

Results: Study Design—Intervention Models

The three most popular intervention models in AD studies were: Parallel Assignment 
(397 studies), Single Group Assignment (121 studies), and Crossover Assignment  
(49 studies). There were no statistically significant changes over time in preferences  
of a specific study design (χ2 = 5.96, P = 0.20).

An analysis of data across study phases indicated significant differences in the 
frequency of study designs used at each phase (χ2 = 53.58, P< 0.01):

1)  Parallel assignment: Less frequently used in Phase I studies (58% of studies). More 
frequently used in Phase II/III studies (81.1% and 77.7% of studies, respectively).

2)  Single Group assignment: More frequently used in Phase I (26.2% of studies) than in 
Phase II – III studies (14.2% and 21.5%). 

3)  Crossover assignment: More frequently used in Phase I (15.8% of studies) than in 
Phase II – III (respectively, 3.5% and 0.7% studies).

Results: Study Design—Study population

Early stage disease has been the focus of significantly increased attention (prodromal 
AD/Mild AD), increasing from 11.1% of all activity in 2005 - 2013 to 22.3% in 2014 - 2017 
(χ2 = 33.618, p<0.001).

Results: Study Design - Blinding

3 | Results (continued)

Results: Study Design—Blinding (continued)

Preferred blinding type did not change from 2005 through 2017 (χ2 = 9.02, P = 0.34).
Statistically significant differences in terms of a preferred blinding model between study 
phases were observed (χ2 = 41.88, P< 0.01):

1)  No blinding (32.3%) and double blinding (30.1%) models were more frequently used 
in Phase I studies compared to Phase II (16.9% and 22.9%, respectively) and Phase III 
studies (23.6% and 25.0%, respectively).

2)  The quadruple blinding model was especially popular in Phase II (42.4%) and Phase III 
(35.4%) compared to Phase I (18.4%) studies.

Results: Outcome Measures—Global Assessment Scales

Significant differences showed up in regards to specific global outcome scales employed 
across the time intervals (χ2 = 16.71, P = 0.33): 

1)  The use of the ADCS-CGIC decreased significantly after 2014. Between 2005 and 2013, 
the ADCS-CGIC was included in 21.8% of the studies, whereas only 5.4% of the studies 
included the ADCS-CGIC between 2014 and 2017.

2)  The CDR is the most frequently used global assessment scale in AD-related clinical trials 
across all time intervals (46.7% of the trials employing global measures initiated between 
2005 and 2009; 40.0% of the trials employing global measures initiated between  
2010 and 2013; 51.8% of the trials employing global measures initiated between 2014 
and 2017).

3)  The use of combined global outcome scales has recently grown in popularity. 
Between 2005 and 2014, 8.2% of the clinical trials employed combined global 
outcome scales, whereas 23.2% of the studies between 2014 and 2017 included  
a combined global outcome measure.

Results: Outcome Measures—Cognitive Assessment Scales

There were no statistically significant changes across time in the frequency of 
cognitive assessments included in AD-related clinical trials (χ2 = 9.19, P = 0.33).  
The ADAS-Cog and MMSE remain the most popular cognitive scales included in  
AD-related trials across time. 

Results: Outcome Measures—Functional Assessment Scales

3 | Results (continued)

Results: Outcome Measures—Functional Assessment Scales (continued) 

There were no significant differences in the frequency of functional assessments 
across time (χ2 = 0.45, P = 0.80). The ADCS-ADL (and its versions) was the most popular 
tool to measure functional ability. However, there were differences in the type of 
functional assessments employed across time. Specifically, the inclusion of the DAD in 
AD-related clinical trials has significantly decreased since 2009. In addition, since 2014 
it has become increasingly popular to combine the ADCS-ADL with another functional 
measure (χ2 = 17.46, P< 0.01).

Results: Outcome Measures—Neuropsychiatric Assessment Scales

The frequency of neuropsychiatric scales used did not change from 2005 through 
2017 (χ2 = 1.01, P = 0.61). There were also no significant differences in the type 
of neuropsychiatric scales used across time. The NPI remains the most popular 
neuropsychiatric scale included in AD-related trials across time. 

Results: Outcome Measures—Cerebral Spinal Fluid (CSF) Biomarkers

The use of CSF biomarkers (e.g.  Cytokines, Phospho-Tau, neurofilament light 
chain and Amyloid Beta (Aβ) 1-38 , Aβ 1-40 and Aβ 1-42 Cerebrospinal Fluid (CSF) 
Concentrations) has significantly increased across time (χ2 = 9.07, P< 0.05). 

•  2005 to 2009: 29 studies included CSF biomarkers (12.44%)
•  2010 to 2013: 33 studies included CSF biomarkers (25.78%)
•  2014 to 2017: 43 studies included CSF biomarkers (23.37%)

A further analysis of the data revealed that there were no differences in the use of  
CSF biomarkers by study phase (χ2 = 3.99, P = 0.14) or disease severity (χ2 = 1.47, P = 0.48).

Results: Safety Measures - Neuroimaging

The frequency of using neuroimaging as one of the safety measures did not change 
significantly from 2005 through 2017 (χ2 = 4.56, P = 0.11). No significant differences in 
terms of the study phase were found (χ2 = 0.86, P = 0.65).

3 |  Results (continued)

Results: Outcome Measures - Patient/Caregiver Reported Outcomes

The frequency of using Patient/Caregiver Reported Outcomes did not change 
significantly from 2005 through 2017 (χ2 = 1.15, P = 0.56). There were significant 
differences in terms of the study phase  - these measures were used much more 
frequently in phase III (21.5% of the studies) than in phase I and phase II studies 
(respectively, 0.7% and 5.6% of the studies; χ2 = 61.83, P< 0.01).

4 | Conclusions

In general, the clinical trials methodology applied between 2005 and 2017 has 
undergone some evolution over time. 

1)  Indications: The number AD-related trials has significantly increased overtime.

2)  Global Scales: The use of the ADCS-CGIC as a global scale has significantly decreased 
overtime. Although the CDR remains the most frequently used global scale, there 
is a significant trend for clinical trials to use a combination of global scales as their 
outcome variable. 

3)  CSF Biomarkers: The use of CSF biomarkers has significantly increased across time, 
regardless of study phase or disease severity being examined. This finding seems to 
suggest that the reasons for collecting the CSF biomarkers are not related to study 
goals or aspects of study methodology.

4)  Functional Scales: The use of the DAD as a functional assessment has significantly 
decreased since 2009. Since 2014, it has become more popular to combine ADCS-ADL 
with another functional outcome measure.

Interestingly, there have been no significant changes in the frequency and type of 
cognitive scales employed in clinical trials across time. ADAS-Cog and MMSE are still 
the most popular cognitive measures. New approaches, such as computerized test 
batteries, composite scores etc. are still in statu nascendi and have not yet left their 
stamp on the AD clinical trial methodology.

These small changes in clinical trial methodology seem to suggest that the AD 
field has developed stably within the past 12 years. No major breakthroughs in 
the methodology were accompanied by stable, neither significantly increasing, nor 
significantly decreasing numbers of interventions being studied (156 in 2005 – 2009, 
127 in 2010 – 2013, and 132 in 2014 – 2017; χ2 = 3.22, p = 0.2).

The presented analysis and conclusions are based on the data available in 
clinicaltrials.gov.

Implications for future clinical trials in Alzheimer’s disease

1.  Global measures – CDR should be more frequently combined with other global 
scales. Its weaknesses (poor inter-rater reliability in MCI and very mild AD, small 
annual change in MCI, and fair amount of subjectivity in CDR ratings) will be becoming 
more and more burdensome, as the new target population, prodromal AD, will 
become a common standard.

2.  Cognitive measures - drawbacks of ADAS-Cog and MMSE are widely known. 
Upcoming clinical trials may benefit from using alternative measures, such as 
computerized test batteries and composite scores, which may be more sensitive to 
change.

3.  CSF biomarkers – it appears that the CSF biomarkers have not been fully utilized yet. 
New studies exploring possibilities of CSF biomarkers applications are needed.
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Graph 11. | Use of neuroimaging in AD-related clinical trials
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Graph 12 | The Frequency of Patient/Caregiver Reported Outcomes in  
AD-Related Trials from 2005 to 2017
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