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Abstract
BACKGROUND: Randomized placebo-controlled trials in the 
development of disease-modifying treatments for Alzheimer’s 
disease are typically of short duration (12–18 months), and 
health economic modeling requires extrapolation of treatment 
effects beyond the trial period. 
OBJECTIVES: To investigate whether observational data can be 
used to extrapolate data from open-label trials, we compared 
outcomes (cognition, function, behavior) over 36 months for 
patients with mild Alzheimer’s disease dementia in the GERAS 
observational study (proxy for placebo control) with those of 
the mild Alzheimer’s disease population on active treatment 
(solanezumab) in two 18-month randomized placebo-controlled 
trials (EXPEDITION and EXPEDITION2) and the additional 
18-month open-label extension study (EXPEDITION-EXT). 
DESIGN & SETTING: Analysis of longitudinal data from 
patients with mild Alzheimer’s disease dementia in the GERAS 
observational study (conducted in France, Germany and the 
United Kingdom) and the EXPEDITION program (conducted 
in Europe, North America, South America, Asia and Australia).
PARTICIPANTS: European and North American community-
living patients, aged ≥55 years, with probable Alzheimer’s 
disease dementia and their caregivers. Mild Alzheimer’s disease 
dementia was defined as a Mini-Mental State Examination score 
of 20–26 in EXPEDITION and 21–26 in GERAS.
INTERVENTION: Active treatment in both randomized 
placebo-controlled trials and the open-label extension study 
was intravenous solanezumab 400 mg every 4 weeks. Patients in 
GERAS were receiving treatment as part of standard care.
MEASUREMENTS: Between-group differences for changes 
from baseline over 36 months in cognitive function, ability 
to perform activities of daily living, and behavioral and 
psychological symptoms of dementia were assessed using 
models stratified by propensity score.
RESULTS: At baseline, patients and caregivers participating in 
GERAS were significantly older than those in the EXPEDITION 
studies, and the GERAS patient cohort had fewer years of 
education and a shorter time since diagnosis of Alzheimer’s 
disease. The baseline mean Mini-Mental State Examination 
score of the GERAS cohort was significantly higher (indicating 
better cognition) than that of patients receiving placebo or 
active treatment in the pooled EXPEDITION studies Baseline 
functional ability scores were significantly lower for the 
GERAS cohort, indicating poorer functioning. Propensity score 
stratification achieved a good balance in the baseline variables 

between GERAS and the two EXPEDITION arms. Over 18 
months, least squares mean changes from baseline in outcome 
measures were similar in the GERAS cohort and the pooled 
placebo groups from the randomized controlled trials. Also, the 
18-month results for the comparison between the GERAS cohort 
and the pooled active treatment groups from the randomized 
controlled trials were generally similar to those reported for 
the comparison with the control group in the randomized 
trial. Comparison of active treatment (EXPEDITION-EXT) and 
observational study (GERAS, as proxy control) results over 36 
months of the open-label trial showed a significantly smaller 
decline in activities of daily living (instrumental and basic) in 
the active treatment group, reflecting better functioning, but no 
between-group differences at 36 months for cognitive function 
or behavioral and psychological symptoms of dementia.
CONCLUSIONS: Comparing results from clinical trials 
and observational studies (real-world data) may be a useful 
methodological approach for informing long-term outcomes in 
Alzheimer’s disease drug development and could be used to 
inform health economic modeling. Further research using this 
methodological approach is needed.

Key words: Alzheimer’s disease, cognition, function, real-world 
evidence, health economic modeling. 

Introduction

Alzheimer’s  disease (AD) is  a chronic, 
progressive disease characterized by cognitive 
and functional decline and behavioral changes 

prompted by neuropsychiatric symptoms along a disease 
continuum (1), although the clinical course is highly 
variable among affected individuals in the real-life setting 
(2). Drug development in AD is currently focused on 
disease-modifying treatments that target the underlying 
pathophysiology and prevent, delay or slow disease 
progression at an early stage in the disease course (3), 
although a successful disease-modifying therapy for 
AD is not yet available. Longer trial designs than 12-18 
months may be needed to reliably detect changes in 
early AD and demonstrate treatment effects for drugs 
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that are expected to affect the underlying disease 
process and slow the rate of decline (4). As open-label 
extension studies of randomized controlled trials (RCTs) 
convert all patients remaining within the trial to active 
treatment, any long-term data collected in these studies 
cannot be compared directly with a control arm. Hence, 
demonstrating persistence of effect in the long term 
beyond the clinical trial period is another key challenge 
that needs to be addressed. 

Health economic models are used by policy makers 
and payers to assess new treatments and make decisions 
about the allocation of healthcare resources (5). Health 
economic models generally rely on treatment data from 
RCTs, requiring extrapolation of treatment effects beyond 
the trial period, particularly when considering the long-
term effectiveness of disease-modifying treatment in 
AD. Assumptions need to be made on whether the 
treatment effect continues to develop along the same 
trajectory as observed during the trial period or whether 
the trajectory changes after the end of the trial (6). Hence, 
extrapolation analyses that combine trial data and real-
world evidence could help to improve the accuracy of 
economic modeling efforts (6).

Previous analysis of pooled data from the placebo 
arms of two RCTs (EXPEDITION and EXPEDITION2) 
has shown that patients with probable mild AD dementia 
had similar outcomes to an observational cohort with 
mild AD dementia from the same geographical region 
after adjustment for differences in baseline characteristics 
(7). At 18 months, the declines in cognitive, functional, 
and behavioral and psychological symptoms of dementia 
(BPSD) were similar in both groups (7). These findings 
suggest that data on disease progression in observational 
studies are complementary to those from RCTs and that 
an observational cohort could be used as a control group 
or proxy for placebo. This methodological approach 
may be useful for modeling the long-term effects of AD 
treatments.

To provide further evidence for the critical 
assumptions in health economic modeling, we examined 
how observational data as real-world evidence could be 
used as a proxy for a placebo control in the open-label 
extrapolation of outcome data from RCTs beyond the 
traditional 18-month trial period. For this, we compared 
outcomes (cognition, function and behavior) over 36 
months between patients with mild AD dementia in 
the GERAS observational study (proxy for placebo) and 
patients who were on active treatment (solanezumab) 
in EXPEDITION and EXPEDITION2 and in the open-
label extension study following these two RCTs 
(EXPEDITION-EXT), for which no placebo group was 
available. 

 

Methods

Study designs

EXPEDITION program

The EXPEDITION-EXT study (ClinicalTrials.gov 
identifier NCT01127633) was an open-label extension 
study offered to patients with AD who completed 
participation in either EXPEDITION or EXPEDITION2 
(ClinicalTrials.gov identifiers NCT00905372 and 
NCT00904683, respectively), two identical phase 
3, 18-month, randomized, double-blind, placebo-
control led studies  invest igat ing solanezumab 
treatment in patients with mild-to-moderate AD (8). 
The EXPEDITION program was designed to assess the 
effect of solanezumab, a humanized immunoglobulin G1 
monoclonal antibody directed against the amyloid-beta 
(Aβ) peptide in the cerebral cortex and hippocampus, 
in the treatment of patients with mild-to-moderate AD 
(8); the accumulation of aggregated Aβ peptide has been 
implicated in the early pathogenesis of AD (9). Briefly, 
these two EXPEDITION studies included community-
dwelling patients who were ≥55 years old, met the criteria 
for probable AD (National Institute of Neurological and 
Communicative Disorders and Stroke and Alzheimer’s 
Disease and Related Disorders Association [NINCDS-
ADRDA] criteria) (10) and had a Mini-Mental State 
Examination (MMSE) score of 16–26 (11). Mild AD and 
moderate AD were defined as screening visit MMSE 
scores of 20–26 and 16–19, respectively (12, 13). Patients 
with vascular dementia or a current serious or unstable 
illness were excluded, and patients were required to have 
a caregiver who spent ≥10 hours/week with them and 
accompanied them to study visits (see Protocol in the 
online supplementary material for Doody et al. (8)).

Patients were recruited from Europe, North 
America, South America, Asia and Australia between 
May 2009 and December 2010 (8). The trial protocols 
were approved by ethical review boards at each study 
center, and written informed consent was provided by 
all participants. Patients were randomized to receive 
intravenous solanezumab 400 mg or placebo once every 4 
weeks for 18 months. They were also allowed to continue 
with stable doses of standard-of-care AD treatments 
(e.g., acetylcholinesterase inhibitors and/or memantine) 
throughout the studies. Data from only the European and 
North American populations were used in the current 
analysis to minimize region-specific heterogeneity (7).

During the 18-month EXPEDITION-EXT, all 
participating patients received active treatment: i.e., 
patients who received solanezumab in the placebo-
controlled period remained on solanezumab, and patients 
who received placebo were switched to solanezumab 
(12). However, patients and site personnel remained 
blinded to the patients’ original treatment assignment 
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(solanezumab or placebo) in the placebo-controlled 
studies (12).

Patients included in the present analysis were those 
with mild AD dementia (MMSE score 20–26) at the time 
of enrolment (13).

GERAS

GERAS was an 18-month, prospective, observational 
study of the costs and resource use associated with AD 
for patients and caregivers in France, Germany and the 
UK, with the study extended to 36 months in France 
and Germany. The study design, methods and baseline 
characteristics in all three countries have been described 
previously (14). Briefly, the study included community-
dwelling patients aged ≥55 years who had probable AD 
dementia (NINCDS-ADRDA criteria) (10) and an MMSE 
score of ≤26 (11) who presented within the normal course 
of care. Those with other potential causes of dementia 
were excluded from the study (see Wimo et al. (14)). Each 
patient was also required to have an informal caregiver 
who agreed to participate in the study and undertake 
responsibility for the patient for ≥6 months of the year.

Patients were enrolled between October 2010 
and September 2011. All patients (or their legal 
representatives) and caregivers gave written informed 
consent before entering the study, which was approved 
by ethical review boards in each country according to 
country-specific regulations.

During the GERAS study, AD treatment could be 
prescribed according to standards of care, and treatment 
decisions were at the discretion of the physician and 
patient.

Patients included in the present analysis were those 
with mild AD dementia (MMSE score 21–26) at the time 
of enrolment, consistent with UK clinical guidelines (15).

Rationale for this analysis

In secondary outcome analyses of pooled data from the 
mild AD dementia populations in the two EXPEDITION 
studies, Siemers et al. (13) demonstrated a treatment 
effect of solanezumab versus placebo over 18 months, 
with significantly less cognitive decline in MMSE 
and the cognitive subscale of the Alzheimer Disease 
Assessment Scale (ADAS-Cog) and less functional decline 
in Alzheimer Disease Study Activities of Daily Living 
Inventory (ADCS-ADL)–instrumental activities of daily 
living (iADL). Additionally, Reed et al. (7) reported that, 
after adjustment for baseline characteristics, disease 
progression over 18 months in the European and North 
American placebo group from this pooled mild AD 
population was similar to that in the pooled mild AD 
dementia cohorts from France, Germany and the UK in 
the GERAS study. 

As only active treatment was studied in the open-

label extension, we wanted to explore whether an 
observational study cohort treated with standard of 
care could be used as a control group for the active 
comparison. To demonstrate suitability as a control 
group, we first aimed to determine whether 18-month 
outcomes in the European and North American 
patients with mild AD dementia who received placebo 
in the EXPEDITION and EXPEDITION2 RCTs (pooled 
groups: EXP-placebo) were similar to those in GERAS 
participants with mild AD dementia. Then we verified 
whether the differences between the active treatment 
and placebo arms detected within the RCTs at 18 months 
by Siemers et al. (13) were also apparent when GERAS 
participants were used as a proxy for the pooled placebo 
group. The overall aim of the current study was to 
compare the 36-month clinical outcomes between the 
matched mild AD dementia groups in EXPEDITION-
EXT who had received active treatment in EXPEDITION 
and EXPEDITION2 (EXP-active) and those in mild AD 
dementia GERAS participants (control).

Data collected

Data collected in all studies included patient and 
caregiver demographics as well as patient clinical 
characteristics at baseline, such as comorbidities, 
medication use, cognitive function, ability to perform 
basic activities of daily living (bADL) and iADL, BPSD 
and health-related quality of life (HRQoL). Time spent by 
the caregiver on assisting the patient with bADL, iADL 
and supervision was also recorded.

Cognitive function was assessed using the MMSE 
(11) and the 14-item subscale of the ADAS-Cog (ADAS-
Cog14) (16); these scales were completed by the 
investigators. The MMSE total score ranges from 0 to 
30, with lower scores indicating poorer cognition. The 
ADAS-Cog14 has a score range of 0‒90, with higher 
scores indicating poorer cognition.

Patient functional ability was assessed using the 
23-item ADCS-ADL (17). This caregiver-rated scale 
assesses bADL, such as dressing or bathing, and iADL, 
which are more complex everyday tasks, such as cooking, 
driving or managing finances, providing separate 
subscale scores for bADL (ADCS-bADL; range 0–22) 
and iADL (ADCS-iADL; range 0–56), with lower scores 
indicating poorer functioning.

Patient BPSD, and caregiver distress caused by these 
symptoms, were evaluated by caregivers using the 
12-item Neuropsychiatric Inventory (NPI-12) (18). The 
NPI-12 total score ranges from 0 to 144, with higher 
scores representing worse behavior problems. 

Time spent by the caregiver on assisting the patient 
with bADL, iADL and supervision was recorded 
using the Resource Utilization in Dementia instrument 
(adapted from version 3.0) (19).

Information on HRQoL was collected for both the 
patient and the caregiver using the EuroQoL-5 
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Dimensions (EQ-5D) (20). Both UK population-based 
index scores and visual analog scale (VAS) scores were 
recorded.

Given the differing nature of the GERAS and 
EXPEDITION studies, some assessments were made 
more frequently in the EXPEDITION trials. Data were 
generally collected at baseline and every 6 months up to 
36 months, although ADAS-Cog14 and ADCS-ADL data 
were collected only at baseline and at 18 and 36 months in 
the GERAS study. The analyses reported here use those 
time points common to both studies.

Statistical analysis

Demographic and baseline characteristics were 
summarized using descriptive statistics (mean and 
standard deviation [SD] or frequency) based on non-
missing observations. Differences at baseline between 
the EXP-placebo and GERAS cohorts, and between the 
EXP-active and GERAS cohorts, were examined using 
the Tukey test for continuous variables (e.g., age) and the 

Cochran–Mantel–Haenszel test for categorical variables 
(e.g., gender). However, the Mann–Whitney test was 
used for caregiver time comparisons at baseline between 
EXPEDITION and GERAS cohorts because of the skewed 
distribution of data.

Propensity score stratification was used to adjust 
for differences in baseline characteristics between the 
GERAS and the two EXPEDITION cohorts. Propensity 
scores were derived using all available baseline 
covariates, including interaction terms, stratified (10 
strata were used) and compared across cohorts. Absolute 
standardized differences (21) (pooled across strata) 
were calculated for baseline covariates before and after 
propensity score adjustment; a difference of <0.1 was 
considered an acceptable balance between the covariates. 
Propensity scores were stratified with and without non-
overlapping propensity scores; the primary analysis 
excluded patients with non-overlapping propensity 
scores.

A mixed-effects model for repeated measures (MMRM) 
approach was used to analyze differences between the 
EXPEDITION and GERAS studies for changes in patient 

Table 1. Demographic and baseline characteristics of patients and caregivers in the two arms of the EXPEDITION studies (pooled 
mild AD population) and the mild AD cohort of the GERAS study
Characteristic* EXP-placebo 

(N=466)
EXP-active 

(N=455)
GERAS 
(N=566)

p-value 
EXP-placebo vs GERAS

p-value 
EXP-active vs GERAS

Patients

Age, years 73.2 ± 8.1 74.2 ± 8.2 77.3 ± 6.9 <0.001 <0.001

Male 227 (48.7) 235 (51.6) 295 (52.1) 0.553 0.989

Body mass index, kg/m2 25.8 ± 4.4 26.1 ± 4.5 25.4 ± 3.8 0.218 0.025

Living alone 52 (11.8) 53 (12.4) 103 (18.6) 0.002 <0.001

Time since AD diagnosis, years 2.1 ± 2.0 2.0 ± 1.9 1.7 ± 2.0 0.001 0.009

Years of education 13.3 ± 3.7 13.0 ± 3.8 11.1 ± 3.3 <0.001 <0.001

AD medication 412 (88.4) 393 (86.4) 478 (84.5) 0.185 0.690

AD medication category <0.001 <0.001

   AChEI only 247 (53.0) 234 (51.4) 411 (72.6)

   Memantine only 29 (6.2) 16 (3.5) 41 (7.2)

   AChEI + memantine 136 (29.2) 143 (31.4) 26 (4.6)

   No AD treatment 54 (11.6) 62 (13.6) 88 (15.5)

Caregivers

Age, years 65.0 ± 12.5 65.0 ± 12.8 68.1 ± 11.6 <0.001 <0.001

Male 178 (38.4) 146 (32.5) 178 (31.5) 0.119 0.176

Caregiver relationship, spouse 318 (68.5) 297 (66.1) 399 (70.6) 0.781 0.067

Caregiver time spent on patient, hours in past month

   Basic ADL 9.1 ± 30.0 11.7 ± 43.9 16.4 ± 44.7 <0.001 <0.001

   Instrumental ADL 58.9 ± 76.3 68.2 ± 96.2 61.0 ± 83.1 0.800 0.431

   Supervision 25.7 ± 96.6 38.5 ± 118.6 48.4 ± 123.6 <0.001 0.017

   Total 90.3 ± 134.9 112.4 ± 169.4 121.6 ± 174.2 0.021 0.326

NPI Caregiver distress score 5.7 ± 6.3 4.9 ± 6.0 6.4 ± 6.2 0.072 <0.001
Abbreviations: AChEI, acetylcholinesterase inhibitor; AD, Alzheimer’s disease; ADL, activities of daily living; EXP, EXPEDITION study; NPI, Neuropsychiatric Inventory; 
* Data are presented as mean ± standard deviation or n (%) for patients/caregivers with non-missing data.
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clinical measures (MMSE, ADAS-Cog14, ADCS-iADL, 
ADCS-bADL, NPI-12) over 18 months (EXP-placebo vs 
GERAS; EXP-active vs GERAS) and 36 months (EXP-
active vs GERAS). MMRM models included patients 
with at least one post-baseline visit. The models included 
the baseline value of the outcome measure of interest, 
study group (GERAS or EXP), visit, visit-by-treatment 
group interaction and propensity score stratum. Results 
from the models are reported as least squares (LS) mean 
changes from baseline. For the 36-month analysis, the 
EXP-active group only includes subjects who were 
randomized to active treatment in the EXPEDITION and 
EXPEDITION2 studies; those who were randomized to 
placebo and then switched to active treatment for the 
EXPEDITION-EXT study are not included in the EXP-
active versus GERAS 36-month analysis. The analysis of 
data from the GERAS study includes patients from all 
three participating countries up to 18 months and from 
France and Germany only between 18 and 36 months.

As sensitivity analyses, MMRM models were also run 
where the propensity score stratum was replaced with 
the propensity score and including patients with non-
overlapping propensity scores.

All data were analyzed using SAS software, version 9.2 
(SAS Institute, Cary, NC, USA).

 
Results

Of the 1495 patients enrolled in the GERAS 
study (France, Germany and the UK), 566 had 
mild AD dementia at baseline. In EXPEDITION and 
EXPEDITION2, a total of 466 patients from North 
America and Europe with mild AD dementia at baseline 
were randomized to placebo and 455 were randomized to 
active treatment.

Baseline characteristics of patients with mild 
AD dementia

The baseline demographics of the patients and 
caregivers included in our analyses are summarized in 
Table 1. Patients and caregivers participating in GERAS 
were significantly older than those in the EXPEDITION 
studies, and the GERAS patient cohort had fewer years 
of education and a shorter time since diagnosis of AD. 
Also, some differences were observed at baseline in the 
patient clinical measures of interest (Table 2). Although 
all patients in the analysis had mild AD dementia, the 
baseline mean MMSE score of the GERAS cohort was 
significantly higher (indicating better cognition) than 
that of the EXP-placebo or EXP-active treatment groups. 
However, the higher ADAS-Cog14 scores indicated 
the GERAS cohort had statistically poorer cognition 
at baseline than the EXP-placebo group. Functional 
ability scores (ADCS-bADL and ADCS-iADL) were 
significantly lower for the GERAS cohort, indicating 
poorer functioning; however, baseline scores overall 
indicated little impairment in bADL in any group. Also, 
the baseline NPI-12 scores indicated few problems due 
to BPSD, although they were significantly worse in the 
GERAS cohort than in the EXP-active treatment group.

Propensity score stratification

The absolute standardized differences (with non-
overlapping propensity scores removed) between 
GERAS and the placebo and active treatment arms of 
the EXPEDITION RCTs (EXP-placebo and EXP-active, 
respectively) for the baseline characteristics and clinical 
measures before and after propensity score adjustment 
are shown in Figure 1A (EXP-placebo vs GERAS) and 
Figure 1B (EXP-active vs GERAS). The results show that 
propensity score stratification achieved a good balance in 
the baseline variables between GERAS and the two arms 

Table 2. Baseline clinical characteristics of patients with mild AD in the two arms of the EXPEDITION studies and the mild cohort 
of the GERAS study
Characteristic* EXP-placebo 

(N=466)
EXP-active 

(N=455)
GERAS 
(N=566)

p-value 
EXP-placebo vs GERAS

p-value 
EXP-active vs GERAS

MMSE† 23.0 ± 2.0 22.8 ± 1.9 23.3 ± 1.6 0.005 <0.001

ADAS-Cog14‡ 29.1 ± 9.2 29.8 ± 8.9 30.4 ± 7.8 0.013 0.250

ADCS-ADL total score§ 64.7 ± 10.7 63.8 ± 11.4 58.4 ± 14.2 <0.001 <0.001

  ADCS-bADL 20.9 ± 2.2 20.9 ± 2.0 19.8 ± 3.1 <0.001 <0.001

  ADCS-iADL 43.8 ± 9.3 42.9 ± 10.2 38.5 ± 11.8 <0.001 <0.001

NPI-12|| 9.8 ± 11.4 8.5 ± 11.0 10.2 ± 10.7 0.588 0.015

EQ-5D index score{ 0.79 ± 0.19 0.80 ± 0.19 0.71 ± 0.24 <0.001 <0.001
Abbreviations: AD, Alzheimer’s disease; ADAS-Cog14, Alzheimer’s Disease Assessment Scale-cognitive subscale; ADCS-ADL, Alzheimer’s Disease Cooperative Study 
Activities of Daily Living; bADL, basic activities of daily living; iADL, instrumental activities of daily living; EQ-5D, EuroQol-5 Dimension; EXP, EXPEDITION study; 
MMSE, Mini-Mental State Examination; NPI, Neuropsychiatric Inventory; *Data are presented as mean ± standard deviation; †MMSE score range = 0‒30; higher score 
indicates better functioning. For the EXPEDITION studies, the MMSE score was taken from the prescreening visit (visit 1); ‡ADAS-Cog14 score range = 0‒90; higher score 
indicates greater severity; §ADCS-ADL total score range = 0‒78; bADL = 0‒22; iADL = 0‒56; higher scores indicate better functioning; ||NPI-12 score range = 0‒144; 
higher score indicates greater severity; {EQ-5D index score (UK population-based) range = 0‒1; higher score indicates better HRQoL.
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of EXPEDITION; the adjusted standardized differences 
were <0.1 for many of the baseline variables.

Changes in outcome measures over 18 and 36 
months

LS mean changes from baseline for all outcomes of 
interest were similar in the EXP-placebo arm and the 
GERAS arm over 18 months (Table 3). In the EXP-active 
and GERAS arm comparison, LS mean changes from 
baseline for MMSE and iADL were significantly different 
at 18 months (Table 3), indicating a slower decline in the 
EXP-active group than in the GERAS cohort (Figure 2).

Table 3 and Figure 2 show the LS mean change from 
baseline for the different outcome measures over 36 
months in the EXP-active and GERAS arms. For MMSE, 
the decline from baseline (worsening cognition reflecting 
disease progression) was similar between the EXP-
active and GERAS (control) groups, with no significant 
difference between the two groups at 36 months (Table 
3; Figure 2A). The significant divergence between groups 
seen at 18 months did not continue, and the lines showed 
a visually parallel trajectory from 24 months (Figure 
2A). For ADAS-Cog14 (Figure 2B), there was again some 
visual divergence between the two groups at 18 months, 
with a smaller increase from baseline in the EXP-active 
group (reflecting less cognitive decline); however, the 
between-group difference in LS mean change from 
baseline was not significant at 18 or 36 months (Table 3).

For patient functional ability (ADCS-bADL and ADCS-
iADL) (Table 3; Figures 2C and 2D), the divergence 
between the EXP-active and GERAS groups seen at 18 
months (significant for iADL) had increased at 36 months, 
showing a larger decrease from baseline in the GERAS 

group (reflecting poorer functioning) that was significant 
between groups at 36 months for both ADCS-iADL and 
ADCS-bADL.

For NPI-12, the LS mean change from baseline was 
not significantly different between the EXP-active and 
GERAS groups at 18 or 36 months (Figure 2E, Table 3), 
showing similar worsening of BPSD among patients in 
both studies.

Sensitivity analyses, in which MMRM models were 
run replacing the propensity score stratum with the 
propensity score and including patients with non-
overlapping propensity scores, gave similar results (see 
Supplementary Tables). 

 
Discussion

Our analysis demonstrated that observational data as 
real-world evidence can be used to extrapolate findings 
from clinical trials when collecting longer term open 
label data using an example from AD.  The changes in 
cognition, function and BPSD over 36 months in patients 
with mild AD dementia receiving active treatment in 
the EXPEDITION and EXPEDITION2 RCTs, and their 
open-label extension study (EXPEDITION-EXT), and in 
an observational study cohort (serving as a proxy control 
group) showed a significant difference in functional 
decline, but not cognitive decline, between the studies at 
36 months, after controlling for baseline differences. 

Table 3. Difference between cohorts of least squares mean change from baseline (95% confidence intervals) over 18 and 
36 months in patient clinical measures* 
Outcome Time point EXP-placebo vs GERAS EXP-active vs GERAS

Estimate (95% CI) p-value Estimate (95% CI) p-value

MMSE† 18 months -0.69 (-1.48–0.09) 0.084 0.95 (0.17–1.74) 0.018

36 months N/A 0.32 (-0.92–1.57) 0.610

ADAS-Cog14‡ 18 months 0.91 (-1.12–2.94) 0.377 -2.00 (-4.09–0.08) 0.060

36 months N/A 0.95 (-2.37–4.28) 0.573

ADCS-bADL§ 18 months 0.22 (-0.39–0.83) 0.484 0.39 (-0.30–1.08) 0.270

36 months N/A 1.22 (0.18–2.27) 0.022

ADCS-iADL§ 18 months 0.85 (-1.01–2.72) 0.369 2.54 (0.46–4.62) 0.017

36 months N/A 4.18 (1.33–7.03) 0.004

NPI-12|| 18 months -0.61 (-2.49–1.27) 0.525 -1.37 (-3.45–0.71) 0.196

36 months N/A 0.42 (-2.19–3.02) 0.754
Abbreviations: ADAS-Cog14, Alzheimer’s Disease Assessment Scale-cognitive subscale; ADCS, Alzheimer’s Disease Cooperative Study; bADL, basic activities of daily 
living; CI, confidence interval; EXP, EXPEDITION study; iADL, instrumental activities of daily living; MMSE, Mini-Mental State Examination; N/A, not assessed; NPI, 
Neuropsychiatric Inventory; *Mixed-effects models for repeated measures included baseline value of outcome measure, study group (GERAS or EXP), visit, visit-by-
treatment group interaction and propensity score stratum; patients with non-overlapping propensity scores were excluded. p-Values in bold represent a significant 
difference between EXPEDITION and GERAS; †MMSE score range 0‒30; higher score indicates better functioning; ‡ADAS-Cog14 score range 0‒90; higher score indicates 
greater severity; §ADCS-bADL score range 0‒22 and ADCS-iADL score range 0‒56; higher scores indicate better functioning; ||NPI-12 score range 0‒144; higher score 
indicates greater severity.
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Although the outcome comparisons showed 
significance on ADCS-iADL and ADCS-bADL at 
36 months, our findings were mostly non-significant. 
This can be attributed to a lack of efficacy of the active 
treatment rather than an issue with the methods used: 
the active treatment investigated in the EXPEDITION 
and EXPEDITION2 trials did not meet their co-primary 
objectives nor did the subsequent EXPEDITION3 which 
had the primary endpoint of decreasing cognitive decline 
at 18 months (assessed using ADAS-Cog14 in 2129 
patients with mild AD (9). Instead our findings highlight 
the benefit of collecting real-world data to support the 
clinical development of new treatments.

Evaluating the long-term impact of a treatment, 
especially in a slow progressive disease within an elderly 
population, such as is common in AD, can be difficult as 
study dropout rates (due to death, institutionalization, 
comorbidities, etc.) tend to be high. Being able to use 
real-world observational data as a proxy for a placebo 
control group provides a useful method for evaluating 
the long-term impact of a treatment from studies, such 
as EXPEDITION-EXT, where no control/placebo group 
is available or where long-term use of placebo would be 
considered unethical. This type of analysis demonstrates 

Figure 1. Absolute standardized differences for baseline 
covariates before and after propensity score adjustment 
with non-overlapping propensity scores removed for (A) 
EXP-placebo vs GERAS, (B) EXP-active vs GERAS

Abbreviations: AChEI, acetylcholinesterase inhibitor; AD, Alzheimer’s disease; 
ADAS-Cog14, Alzheimer’s Disease Assessment Scale-cognitive subscale; ADCS, 
Alzheimer’s Disease Cooperative Study; ADL, activities of daily living; bADL, 
basic activities of daily living; EQ-5D, EuroQol-5 Dimension; EXP, EXPEDITION 
study; iADL, instrumental activities of daily living; MMSE, Mini-Mental State 
Examination; NPI, Neuropsychiatric Inventory; VAS, visual analog scale. Note: In 
the EXPEDITION studies, MMSE was measured at prescreening (Visit 1; to assign 
patients into mild or moderate AD dementia groups) and at baseline (randomization 
to treatment).

Figure 2. Least squares (LS) mean change from baseline in 
scores for (A) MMSE, (B) ADAS-Cog14, (C) ADCS-bADL, 
(D) ADCS-iADL and (E) NPI-12 over 36 months for the 
mild AD cohorts in the EXPEDITION (EXP-active) and 
GERAS studies (excluding non-overlapping propensity 
scores)

Cognitive function was assessed using the Mini-Mental State Examination (MMSE; 
score range 0‒30) and the cognitive subscale of the Alzheimer’s Disease Assessment 
Scale (ADAS-Cog14; score range 0‒90). Functional ability was assessed using the 
Alzheimer’s Disease Study Activities of Daily Living Inventory (ADCS-ADL), with 
separate scores for basic activities of daily living (ADCs-bADL; score range 0‒22) 
and instrumental activities of daily living (ADCS-iADL; score range 0‒56). Patient 
behavioral and psychological symptoms were assessed using the Neuropsychiatric 
Inventory (NPI-12; score range 0‒144). *p<0.05 and †p<0.01 indicate a significant 
difference between the EXP-active and GERAS cohorts in the LS mean change from 
baseline at this timepoint; the difference between cohorts at all other timepoints 
was non-significant. Note: patients in the GERAS arm were from France, Germany 
and the UK up to 18 months and from France and Germany only at 24‒36 months.
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how real-world evidence can be used to support long-
term outcomes in AD, where one of the major challenges 
is to measure outcomes some time after an intervention 
(such as starting treatment) early in the disease process 
(6). 

Functional decline (with regards to both ADCS-
iADL and ADCS-bADL scores) over 36 months was 
significantly less in the group that received active 
treatment (solanezumab) than in the GERAS (control) 
group. Over 3 years, the decline in ADCS-iADL was 
approximately 15 points in the GERAS group and 11 
points in the EXPEDITION group; the decline can be 
considered clinically meaningful in both groups, as can 
the between-group difference of 4 points at 36 months 
(22). Although these findings are consistent with those 
of Siemers et al. (13), who found a significant treatment 
effect of solanezumab versus placebo on ADCS-iADL 
at 80 weeks in patients with mild AD dementia in their 
secondary analysis of EXPEDITION and EXPEDITION2, 
this was not reproduced in the EXPEDITION3 trial (9). 

Basic functional abilities declined over 36 months 
in both groups, with the between-group difference 
in change scores for ADCS-bADL reaching statistical 
significance at 36 months. In contrast to ADCS-iADL 
scores, however, there was no significant difference in 
ADCS-bADL scores between the EXP-active and GERAS 
arms at 18 months, consistent with the findings of 
Siemers et al. (13), who reported no difference between 
the solanezumab and placebo groups on the change in 
ADCS-bADL score at 80 weeks in the EXPEDITION 
studies. A possible explanation for our differing findings 
with regards to ADCS-iADL and -bADL scores is that 
our study cohorts showed little impairment in bADL 
at baseline, and the ADCS-bADL score decreased by 
only 3–4 points over 3 years in both groups in the 
current study. This is consistent with previous reports 
that iADL become impaired before bADL (23) and that 
iADL measures are more sensitive to change than bADL 
measures in patients with mild AD (17). Research has also 
indicated that cognition has a stronger correlation with 
iADL than with bADL in patients with mild AD dementia 
(24). Nevertheless, this is the first demonstration of a 
slowing of decline in bADL scores over 36 months with 
an active treatment for AD compared with a placebo 
proxy control group in patients with mild AD.

Our finding of a significant between-group difference 
in functional decline but not cognitive decline over 36 
months was unexpected given that studies of disease 
progression in patients with mild AD have suggested 
that cognitive decline generally precedes and predicts 
functional decline (25). Possible reasons for this include 
that patients in the GERAS and EXPEDITION cohorts 
in this study had an MMSE score of ~23 at baseline 
(towards the middle of the mild MMSE score spectrum 
[21–26]) and would probably have progressed to 
moderate cognitive decline (MMSE score <20) within 3 
years; solanezumab, as a disease-modifying drug, was 

shown to have no effect on cognition in patients with 
moderate AD dementia in the EXPEDITION studies (8). 
Also, although patients in the GERAS study received 
treatment as part of standard care, this treatment may 
have been more rigorously applied than usual because 
they were participating in the study. Furthermore, in the 
early stages of AD, a patient’s inability to perform ADLs 
may be more apparent than cognitive loss to caregivers 
(who rate patient’s functional capability on the ADCS-
ADL) (22).

Although the pattern of changes in NPI varied over 
time for the two groups (as seen in Figure 2E), the overall 
change in BPSD was small (LS mean increase of about 5–6 
points in NPI-12 total score from a low baseline score), 
with no significant difference between the EXP-active 
group and the GERAS cohort at 18 or 36 months. Most 
patients with AD dementia exhibit BPSD, which can be 
present in the early predementia stages and increase 
over time, although the course tends to be variable and 
episodic (26). 

Given the restricted duration of RCTs in AD, interest 
in using real-world data generated during routine clinical 
practice to complement the data provided by RCTs 
is growing (27). Such real-world evidence can inform 
the application of evidence from RCTs to healthcare 
decision making (28). The approach used in the current 
analysis is just one of a number of different approaches 
which could be taken, including matching algorithms, 
entropy balancing, and applying different inclusion and 
exclusion criteria. We chose two different approaches 
of propensity score adjustment to establish the concept 
we were trying to demonstrate. Methods for using real-
world evidence in health economic models need to be 
developed further. The Real world Outcomes across the 
Alzheimer’s Disease spectrum for better care: Multi-
modal data Access Platform (ROADMAP) project is a 
public–private partnership in Europe formed under the 
Innovative Medicine Initiative, which aims to explore 
the usability of all data resources in the decision-making 
process and develop efficient uses of real-world evidence 
for the benefit of patients with AD and their caregivers 
(see https://roadmap-alzheimer.org/).

There is a need for suitable real-world evidence in the 
valuation of emerging new AD treatments currently in 
development by key decision makers including for HTA. 
Utilizing observational data alongside clinical trials will 
allow the exploration of assumptions in economic models 
around extrapolation of treatment effects beyond the 
typical RCT period as well as other relevant information 
such as health related quality of life and real-world cost 
drivers. 

Our analysis has several strengths. The rationale for 
our study was that patients with mild AD dementia 
in the EXP-placebo arm and the GERAS cohort would 
exhibit similar disease progression over 18 months (as 
reported by Reed et al. (7)) and that differences over 18 
months would be apparent between the GERAS cohort 
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and the EXP-active arm and similar to those seen for 
the comparison between solanezumab and placebo 
reported by Siemers et al. (13) in their pooled analysis 
of the 18-month EXPEDITION and EXPEDITION2 
studies. Given that our findings supported both these 
assumptions, we consider that using 36-month mild AD 
GERAS observational data as a proxy placebo group 
for comparison with 36-month outcomes in the mild 
AD EXP-active group is a valid strategy. In addition, 
combining this strategy with the use of propensity score 
stratification and adjustment to ensure the patient mix 
was similar between the two data sources (given the 
differences in key baseline characteristics between the 
GERAS and EXPEDITION studies, despite efforts to 
minimize region-specific heterogeneity by restricting 
analysis of EXPEDITION to patients from Europe and 
North America) is a novel approach that can be used 
to support assumptions in economic modeling. Further 
research is needed to look at alternative approaches 
for matching patients. While we used stratification 
on the propensity score, other approaches could be 
considered, including propensity score as a covariate in 
the models and matching on the propensity score (29). 
The same analyses could also be performed for validation 
purposes using alternative proxy placebo arms from 
similar observational studies e.g. ADNI although it can 
be challenging to find other observational studies that 
include the same outcome measures as in the RCT. For 
example, the ADNI study uses a different measure for 
function, so unless validated mapping algorithms exists, 
further uncertainty will be introduced. It is also unlikely 
to have such an extensive list of baseline characteristics 
as was available in GERAS and EXPEDITION, which 
can lead to issues of unmeasured confounding. Other 
strengths include the use of large studies of patients with 
mild AD dementia at baseline and the assessment of 
multiple, widely used, standardized outcome measures.

Some limitations must be acknowledged. As 
mentioned, the active treatment investigated in the 
EXPEDITION trials did not meet the primary endpoint 
of decreasing cognitive decline in a randomized, 
placebo-controlled phase 3 trial in patients with mild 
AD dementia (9). Hence, the current paper should be 
considered preliminary work on a methodological 
approach for using real-world evidence to model long-
term effects of treatments. Further research is needed to 
replicate this methodological approach using a treatment 
with proven efficacy. Second, although propensity 
scores adjusted for baseline differences, the study 
discontinuation criteria may have differed between the 
two studies (i.e., patients in EXPEDITION-EXT may 
have been more impaired at study discontinuation 
than those in GERAS). Moreover, our analysis was 
limited to patients who completed 36 months of follow-
up, and those who discontinued earlier (e.g., due to 
institutionalization or death) may have had a more 
severe decline in outcome measures. In addition, despite 

controlling for baseline characteristics, unmeasured 
confounders may have impacted on our results. This 
may include unrecognized differences in how the trials 
were performed. Another limitation is that the sample 
size may be reduced if there is a high number of non-
overlapping propensity scores (as used in the current 
primary analyses), as this excludes outlying individuals 
for whom no match is available in the control arm. Also, 
ADCS-ADL was measured less frequently than the other 
measures (at 18 and 36 months only), which may have 
impacted on the results as functional decline in AD 
is reported to be variable and non-linear (30). Finally, 
as we did not measure the amyloid status of patients 
participating in the GERAS study, it is likely that some of 
these patients did not have AD.

Conclusion

Our analysis demonstrates that comparing the 
results from RCTs and real-world evidence can be a 
useful methodological approach for informing long-
term efficacy/effectiveness outcomes in the development 
of treatments for AD and could be used to inform 
health economic modeling. Further research using this 
methodological approach is needed. 
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