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Abstract
OBJECTIVES: The primary objective of this clinical trial was to 
assess the clinical activity of various doses and formulations of 
AFFITOPE® AD02 following its repeated s.c. administration 
to patients with early Alzheimer´s disease (AD), based on the 
evaluation of cognitive and functional domains.
DESIGN: It was designed as a randomized, placebo-controlled, 
parallel group, double blind, multicenter phase II trial with 10 
regular outpatient visits and 6 telephone interviews.
SETTING: The trial was performed at 32 sites in six countries. 
PARTICIPANTS: A total of 332 patients were enrolled and 265 
patients completed the trial in 3 treatment groups with AD02 
and 2 control groups with aluminum oxihydroxide, here named 
IMM-AD04. Patients were randomly assigned to 5 groups: two 
doses of IMM-AD04, 25µg AD02 (in two different formulations) 
and 75µg AD02.
INTERVENTION: At months 0, 1, 2, 3, 9 and 15, each patient 
received a single s.c. injection of the corresponding preparations 
of AFFITOPE® AD02 or the control, IMM-AD04. 
MEASUREMENTS: Co-primary efficacy outcomes included a 
measure of cognition (adapted AD Assessment Scale cognitive 
[aADAS cog]), and a measure of function (adapted AD 
Cooperative Trial Activities of Daily Living [aADCS-ADL]). A 
primary composite score was the sum of these two scores.
RESULTS: Treatments were generally well tolerated 
and adverse events (AEs) were seen at similar rates across 
all treatment groups, with the exception that more injection 
site reactions were seen in the groups with a higher level of 
adjuvant. None of the AD02 groups showed a benefit over 
the IMM-AD04 controls for primary or exploratory efficacy 
outcomes. The control groups differed on aADCS-ADL and 
therefore couldn’t be pooled (p=0.039). Unexpectedly, the 2mg 
IMM-AD04 showed statistically significant effects over the other 
groups on several clinical outcomes including: aADAS-cog, 
aADL, Composite, ADAS-cog, CDR-sb, and QOL-AD Caregiver 
as well as two biomarker outcomes: right and total hippocampal 
volume (all p<0.05). 48% of patients in the IMM-AD04 2mg 
group had no decline in the composite outcome over 18 months 

compared to 17%-31% in the other groups, which is consistent 
with historical placebo groups. 
CONCLUSION: No significant treatment effects were seen for 
the investigational compound AD02. However, the IMM-AD04 
2mg group showed statistically significant effects over all other 
groups on several clinical outcomes as well as a slowing of 
decline on right hippocampal volume. The data support further 
development of IMM-AD04 as a disease modifying agent in line 
with EMA/FDA definitions.

Key words: Aluminum, Alzheimer´s disease, vaccination, clinical trial, 
AFFITOPE®.  

Introduction 

Al z h e i m e r ’ s  d i s e a s e  ( A D ) ,  a  c h r o n i c 
neurodegenerative disorder, is the most 
common cause of dementia currently affecting 

44 million individuals worldwide (1). It is characterized 
by a cascade of events starting with a change in amyloid 
beta (Aβ) metabolism, which is followed by brain 
amyloidosis, tauopathy, brain atrophy and decreased 
glucose metabolism (2, 3). After these biological changes, 
cognitive impairment can be detected, which culminates 
in functional impairment and eventually dementia (4, 
5). Innate immune mechanisms, activated in response 
to misfolded proteins such as aggregated Aβ, emerge as 
another crucial component of AD (6, 7) .        

The multifactorial nature of AD and the limited 
specificity of diagnostic criteria, among others, have 
significantly hindered drug development. More than 100 
agents have been assessed for their disease modifying 
potential in AD and not a single one has shown a drug-
placebo difference in favor of active treatment (8).  
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Clinical trials to date have primarily focused on Aβ, 
including four of the six most recent phase III studies 
(8). Active Aβ immunotherapy has been shown to 
diminish hallmark signs of the disease (e.g. microgliosis 
and astrocytosis) and improve cognitive function in 
numerous animal models (9-11). In contrast, no class 
of agents has been able to show efficacy for this target 
in clinical trials, bringing into question Aβ as a target, 
the immunotherapeutic approach, and the appropriate 
disease stage for intervention (12).   

In this trial, we investigated AFFITOPE® AD02, 
a peptide-KLH conjugate vaccine where the peptide 
moiety mimics the N-terminal region of human Aβ. 
AD02 was developed for the treatment of patients with 
AD using AFFiRiS´ proprietary AFFITOME® technology 
(13, 14). The first-in-man trial of AD02 (ClinicalTrials.
gov Identifier: NCT00633841) and follow-up studies 
encompassing a boost, demonstrated AD02 to be safe and 
provided evidence to suggest AD02 elicits Aβ aggregate-
specific antibodies mediating a disease modifying clinical 
effect. 

Aluminium salts are the major class of adjuvants used 
to enhance the immune response induced by vaccines 
due to their long-standing safety record. Aluminium 
salts amplify the adaptive immune response occurring 
upon vaccine administration by modulating the innate 
immune response to it. They enhance recruitment of 
inflammatory cells to the injection site (reviewed in (15)), 
modulate antigen presentation (16) and skew the ensuing 
adaptive immune response towards a type-2 helper (Th2) 
phenotype (reviewed in (17)). New technologies have 
revealed that locally administered aluminum salts spread 
systemically, even reaching the central nervous system 
(18).  

Here we investigate the safety, tolerability, clinical and 
immunological activity of AD02 following its repeated 
subcutaneous (s.c.) administration at different doses to 
patients with early AD. Controls received Alum, in this 
paper referred to as IMM-AD04, at the two different 
doses that were also used in the active treatment groups. 

Methods

Study Design 

This study was a randomized, placebo controlled, 
parallel group, double blind, multicenter phase II trial to 
assess the clinical and immunological activity as well as 
the safety and tolerability of two doses (25µg and 75µg) 
of AFFITOPE® AD02 adsorbed to either 2 mg or 1 mg 
aluminum oxihydroxide (commonly known as “Alum” 
and here referred to as Alum when used in combination 
with AD02 or as IMM-AD04 when used separately), in 
patients with early AD. Groups were defined as follows: 
25µg AFFITOPE® AD02 adsorbed to 2 mg Alum (= AD02 
25/2); 75µg AFFITOPE® AD02 adsorbed to 2 mg Alum (= 
AD02 75/2), 25µg AFFITOPE® AD02 adsorbed to 1 mg 

Alum (= AD02 25/1); 1 mg IMM-AD04; and 2 mg IMM-
AD04.  

At trial weeks 0, 4, 8, 12, 40, and 65 (Visits 2, 3, 4, 5, 7, 
and 9, respectively), each patient received a single s.c. 
injection of the corresponding preparation of AFFITOPE® 
AD02 or the control IMM-AD04. In total, each patient 
received six injections over a 65 week treatment period. 
The primary objective of this clinical trial was to assess 
the clinical activity of various doses and formulations 
of AFFITOPE® AD02 following its repeated s.c. 
administration, based on the evaluation of the cognitive 
and functional domains. The secondary objective was 
to assess the immunological activity, treatment effect on 
the volume of defined brain regions, biological markers 
of brain atrophy, impact on health related quality of 
life (QOL) and behavior.  Safety and tolerability were 
additionally assessed. The study took place in 32 sites 
in six European countries: France (8 sites), Germany (8 
sites), Austria (7 sites), Croatia (5 sites), Czech Republic 
(2 sites), and Slovakia (2 sites) between 01 Oct 2010 (first 
patient screened) and 06 Dec 2013 (last patient visit).  

Vaccine Application 

All six injections were administered at the trial site. 
Injections were applied s.c. to the external surface of the 
upper arm alternating the injection arm. Before vaccine 
administration, an intravenous access was placed to 
enable rapid therapy of AEs such as allergic reactions. 
Following application, the patient was observed for at 
least 1 hour. A 30-day post-treatment window following 
the study was included, covering an appropriate 
timeframe for possible late AEs.

This trial was performed in compliance with Good 
Clinical Practice (GCP), the Declaration of Helsinki 
(2013), and local legal and regulatory requirements and 
applicable international regulations. 

Patient Population 

The trial was performed in patients with early AD, 
defined by the following criteria: probable AD as defined 
by National Institute of Neurological and Communicative 
Disorders and Stroke/AD and Related Disorders 
Association (NINCDS/ADRDA) criteria; a MMSE score 
≥20; an amnestic syndrome of the hippocampal type 
defined by a Free and Cued Selective Reminding Test 
(FCSRT) (19, 20) result of total recall ≤40 or free recall 
≤17, in favor of AD in its typical form (21). The result of 
a centrally read MRI of a patient’s brain must have been 
compatible with the diagnosis AD, in particular, presence 
of a medial temporal lobe atrophy (Scheltens Score ≥2) 
or in the case of a Scheltens score of 0 or 1, the presence 
of Aβ42 reduced in CSF, reflecting cerebral amyloidosis, 
and with elevated tau or phospho tau, reflecting neuronal 
injury, based on cutoffs established at the local labs.

Other major inclusion criteria were as follows: 
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Hachinski Ischemia Scale (22) score of ≤4, an informed 
consent capability as assessed by an independent 
professional, availability of a partner/caregiver, 
availability of ApoE genotype, stable treatments for AD 
and/or hypothyroidism for 3 months prior to study 
inclusion. 

Major exclusion criteria included: pregnancy, 
participation in the active treatment phase of another 
clinical trial within 3 months before Visit 1, and 
history and/or presence of an allergy to the vaccine or 
autoimmune disease, contraindication for MRI imaging, 
presence of ≥4 microhemorrhages at baseline, recent 
history of cancer (exceptions: basal cell carcinoma, 
intraepithelial cervical neoplasia), presence/history of 
immunodeficiency, significant systemic illness, prior 
and/or current treatment with experimental AD 
immunotherapies and/or immunosuppressive drugs. 

All study subjects provided voluntary written 
informed consent. The trial protocol, patient information, 
informed consent, and all other required trial documents 
were submitted to independent ethics committees (IEC). 
Notification in writing of approval was obtained by the 
IEC by the investigator before trial initiation.

Safety Assessment 

The safety assessments included a complete physical 
examination, standard neurological examination, 
spontaneously reported AEs. An extensive laboratory 
(hematology, chemistry, serology, urinalysis, etc.) 
assessment was performed at visits 1-10 or upon early 
termination. Grading of local injection site reactions was 
performed according to the FDA guidance for industry 
toxicity scale for healthy adult and adolescents patients 
enrolled in preventative vaccine clinical trials (2007).  

At visits 1, 4 (France only), 6, 8 and 10 or early 
termination visit (ETV), an MRI of the patient’s brain was 
performed. The results of the MRI were used to evaluate 
differences from baseline for both safety and efficacy 
assessment including volumetric analyses. Vaccination 
safety was based on the assessment of microhemorrhages 
(ARIA-H), vasogenic edema (ARIA-E) and any other 
abnormalities including meningoencephalitis (ME).

Co-primary endpoints 

Primary endpoints were an adapted ADAS-cog 
(aADAS-cog) and an adapted ADCS-ADL (aADCS-ADL), 
and a combined composite score that was the sum of the 
aADAS-cog and aADCS-ADL. For description, refer to 
Hendrix et al. (23).  

Secondary and exploratory endpoints

The secondary endpoint was the Clinical Dementia 
Rating ‘sum of boxes’ (CDR-sb) (24). Exploratory 
endpoints included the Neuropsychiatric Inventory (NPI) 

(25), Alzheimer’s Disease Assessment Scale-cognitive 
(ADAS-cog) 11 item (26) and 13 item (27), Alzheimer’s 
Disease Cooperative Trial-Activities of Daily Living 
Standard (ADCS-ADL) (28) and the patient Quality of 
Life (QOL-AD) reported by patients and caregivers. 

The NPI and ADCS-ADL outcomes were measured at 
visits 2, 5, 6, 7, 8, 9, and 10 or ETV. The ADAS-cog was 
measured at these time points and at visits 1 and 3. The 
QOL-AD was only measured at visits 1, 6, 8, and 10 or 
EDV. MRI brain volumes were also assessed for efficacy.

Immune Response

Four titers of IgG response were analyzed including 
monomeric and aggregated Aβ, AD02 and KLH. 
Titers of IgG antibodies specific for the immunizing 
peptide, N-terminal part of Aβ, Aβ itself, and KLH were 
measured at visits 1 through 10 or ETV.  Antibody (to 
aggregated Aβ, AD02 and KLH (IgG)) responder and 
non-responder groups were compared on each of the 
primary and secondary outcomes at the end of the trial.

Statistical analysis

All significance testing was 2-tailed using α 
= 0.05. Tests were declared statistically significant if 
the calculated p-value was ≤ 0.05. The primary trial 
hypothesis was deemed satisfied if the aADAS-cog scores 
showed improvements in the active treatment antibody 
responder (aggregated Aβ IgG) group relative to the  
control that were significant at the 0.05 level. All analyses 
were conducted with SAS® software version 9.4 (Cary, 
NC). 

Study size was determined using a power calculation 
(simple t-test on the change from baseline on adapted 
ADAS-cog scores at 18 months) for detecting a difference 
on the aADAS-cog score, comparing antibody responders 
(aggregated Aβ, AD02 and KLH IgG)  in all active groups 
(vaccine) versus control-treated patients. A population of 
290 patients with early AD was targeted to complete the 
clinical trial (69 patients in each of 3 treatment groups; 83 
in the control groups). A 10% dropout rate was assumed.

For the primary efficacy analyses, SAS PROC MIXED 
was used to fit an MMRM, with CFB of each of the 
efficacy outcomes (e.g., adapted ADAS cog) as the 
response variable and the following covariates and fixed 
effects, as well as each of these interacting with visit:
•	 Age (covariate);
•	 Level of Education (fixed effect split into categories of 

≤12 years, >12 years);
•	 Gender (fixed effect);
•	 Baseline Test Score of Efficacy Parameter (covariate);
•	 Center (fixed effect);
•	 Treatment (fixed effect);
•	 APOEe4 status (fixed effect, positive or negative);
•	 Use of AChEI (fixed effect, determined from 
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medications);
•	 Visit (fixed effect);
•	 Visit by [ALL OF THE ABOVE TERMS] interactions.

The covariance structure for this model was ARH(1) 
(first-order heterogeneous autoregressive). If ARH(1) did 
not converge for the model, a heterogeneous compound 
symmetry covariance structure was applied. If both 
heterogeneous covariance structures failed to converge, 
the model was simplified to exclude some terms.  A 
similar model was fit for secondary efficacy analyses and 
subgroup analyses.

Results 

Study participants 

Individuals between 50-80 years old with a probable 
early degree AD as defined in the Materials and Methods 
were included in the trial.  Trial subjects (n= 332) were 
randomized in five study groups: AD02 25/2 (n=75), 
AD02 75/2 (n=81), AD02 25/1 (n=77), which received 
AD02 at different doses/formulations and IMM-AD04 
1mg (n =48) and IMM-AD04 2mg (n=51), which received 
different doses of IMM-AD04 (Figure 1). 

The majority of patients were Caucasian (99.7%) 
and of nonsmoking status (90.7%) and approximately 

even numbers of men (49.1%) and women (50.9%) were 
enrolled. Overall, patients had a mean age of 70.4(±7.1) 
years, a mean education level of 12.1(±3.7) years, mean 
weight of 70.1(±12.8) kg, mean height of 168.0(±9.4) cm, 
and a mean BMI of 24.8(±3.6) kg/m2. Approximately 
59% of patients were taking AChEI alone at baseline, 
another 3% were taking Memantine alone, 9% were 
taking both and 28% were not on either concomitant 
AD treatment. Groups were well balanced on these 
baseline characteristics (all p-values were >0.079) with 
the following exceptions: 1) the IMM-AD04 2mg was 
shorter on the average (164.6±10.2) than 3 groups, IMM-
AD04 1mg (168.9±7.7, p=0.021), AD02 25/1mg (169.8±9.1, 
p=0.003), AD02 25/2mg (168.6±9.6, p=0.029), but not 
different from AD02 75/2mg (167.4±9.6, p=0.111) and (2) 
the IMM-AD04 2mg had more females (63%) compared 
to fewer females (42%) in the IMM-AD04 1mg (p=0.045) 
(Table 1).

Patients in the treatment arms received six injections of 
AD02 absorbed to Alum and the control groups received 
six injections of IMM-AD04. Each patient received 
injections over a 65-week treatment period during trial 
weeks 0, 4, 8, 12, 40, and 65. 

AD02 does not show improvement in primary 
or secondary efficacy endpoints

The primary objective of this clinical trial was to assess 
the clinical activity of various doses and formulations 
of AD02, therefore a series of primary and secondary 
efficacy endpoints were evaluated. Analyses were 
performed on a primary single endpoint measuring 
global function (Composite), co-primary endpoints 
measuring cognition and function (Adapted ADAS-
cog and Adapted ADL), secondary endpoint measuring 
global function (CDR-sb) and exploratory traditional 
scales measuring cognition and function (ADAS-cog 
11, ADCS-ADL). Additionally, patient QOL assessed 
by patient (patient QOL) and caregiver (caregiver 
QOL), behavior (NPI) and MRI brain volumes were also 
assessed.

The initial study plan included the pooling of the 
control groups assuming that they were not significantly 
different on key efficacy parameters.  However, as 
differences were found with the control groups early 
on in the analysis, they were not pooled. The primary 
analysis was therefore a comparison of all five groups.  
A statistically significant treatment difference was seen 
between IMM-AD04 1mg and IMM-AD04 2mg showing 
an effect size of 46% (p-value 0.0392) for the adapted 
ADCS-ADL; this effect size corresponds to a reduced 
decline in the IMM-AD04 2mg group for this primary 
endpoint in the model that only included the two control 
groups.

None of the groups treated with AD02 showed 
benefit over the IMM-AD04 2mg group for primary or 

4

JPAD  - Volume 2, Original Article

Figure 1. Flow diagram of subject disposition

The safety population included all patients who received at least one dose of AF-
FITOPE® AD02 or IMM-AD04. Patients were included in the treatment groups ac-
cording to the highest dose received in cases of incorrect treatment administration. 
Patients in the safety population were analyzed based on the treatment they actual-
ly received and not necessarily the one to which they were randomized. M: Month.
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Table 1: Patient baseline characteristics (Safety population). Max: maximum; Min: minimum; SD: standard deviation.
IMP Control Total

*Demographic Characteristics AD02 25/2  
(n = 75)

AD02 25/1  
(n = 77)

AD02 75/2  
(n = 81)

IMM-AD04 
1mg (n = 48)

IMM-AD04 
2mg (n = 51)

(n = 332)

Age (yrs)
  Mean ± SD 70.8 ± 7.20 70.3 ± 6.92 71.3 ± 6.56 70.3 ± 6.56 68.9 ± 8.36 70.4 ± 7.11
  Min, Max 52, 83 50 , 81 52 , 81 57, 80 50, 80 50, 83
Height (cm)
  Mean ± SD 168.6±9.6 169.8 ± 9.1 167.4 ± 9.6 168.9±7.7 164.6±10.2 168.0±9.4
  Min, Max 150, 189 142, 187 147, 192 150, 183 144, 185 142, 192
BMI (kg/m2)
  Mean ±SD 25.0 (3.9) 24.8 (3.6) 24.5 (3.4) 24.7 (2.9) 24.8 (3.9) 24.8 (3.6)
  Min, Max 18.0, 39.2 16.2, 37.7 17.2, 32.7 17.8, 31.2 18.2, 35.4 16.2, 39.2
Education
  Mean ±  SD 12.5 (3.73) 12.0 (3.92) 12.1 (3.43) 12.3 (4.03) 11.8 (3.18) 12.1 (3.66)
  Min, Max 4 , 20 4 , 22 4 , 20 8 , 26 6 , 22 4 , 26 
Sex, n (%)
  Male 37 (49.3) 41 (53.2) 38 (46.9) 28 (58.3) 19 (37.3) 163 (49.1)
  Female 38 (50.7) 36 (46.8) 43 (53.1) 20 (41.7) 32 (62.7) 169 (50.9)
Race, n (%)
  White 75 (100.0) 77 (100.0) 81 (100.0) 48 (100.0) 50 (98.0) 331 (99.7)
  Asian 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.0) 1 (0.3)
Stratification Group
  AChEI only 56 (74.7%) 47 (58.0%)    38 ( 49.4%) 26 (54.2%) 30 (58.8%) 197 (59.3%)
  Memantine only 1 (1.3%) 3 (3.7%)     4 (5.2%) 1 (2.1%) 1 (2.0%) 10 (3.0%)
  Both AChEI and Memantine 0 (0.0%) 8 (9.9%)     8 (10.4%) 9 (18.8%) 6 (11.8%) 31 (9.3%)
  Neither AChEI nor Memantine 18 (24.0%) 23 (28.4%)    27 (35.1%) 12 (25.0%) 14 (27.5%) 94 (28.3%)
CDR-sb Total Score 
  Mean ± SD 3.9 ± 1.99 4.1 ± 2.41 4.7 ± 2.65 4.2 ± 2.37 3.9 ± 2.34 4.2 ± 2.37
  Min, Max 1, 11 1 , 13 1 , 14 1, 10 1, 10 1, 14
NPI Total Score 
  Mean ± SD 9.1 ± 11.60 9.0 ± 9.22 8.0 ± 9.17 8.6 ± 8.38 9.0 ± 9.78 8.9 ± 9.72
  Min, Max 0 , 59 0 , 38 0 , 42 0, 30 0 , 45 0 , 59
ADAS-Cog13 Total Score 
  Mean ± SD 31.5 ± 9.20 31.6 ± 9.06 33.3 ± 10.55 31.7 ± 9.19 30.2 ± 8.74 31.8 ± 9.44
  Min, Max 10 , 54 15 , 52 15 , 64 18 , 58 13 , 59 10 , 64 
ADCS-ADL Total Score 
  Mean ± SD 65.4 ± 7.70 62.3 ± 12.28 62.7 ± 11.63 62.1 ± 11.79 64.5 ± 9.36 63.4 ± 10.74
  Min, Max 46 , 78 23 , 78 16 , 78 21 , 76 37 , 78 16 , 78 
MMSE Total Score 
  Mean ± SD 23.3 ± 2.59 23.4 ± 2.73 23.1 ± 2.68 23.0 ± 2.61 23.9 ± 2.95 23.3 ± 2.71
  Min, Max **18 , 29 19 , 30 17 , 30 18 , 27 16 , 29 16 , 30
*Groups were well balanced on these baseline characteristics (all p-values were >0.079) with the following two exceptions: (1) the IMM-AD04 2mg was shorter 
(164.6±10.2) than 3 groups, IMM-AD04 1mg (168.9±7.7, p=0.021), AD02 25/1mg (169.8±9.1, p=0.003), AD02 25/2mg (168.7±9.6, p=0.025), but not different from AD02 
75/2mg (167.4±9.6, p=0.119) and (2) the IMM-AD04 2mg had more females (63%) compared to fewer females (42%) in the IMM-AD04 1mg (p=0.045). **Two MMSE scores 
per patient were obtained before the first immunization. The one at the screening visit was used for the inclusion decision (data not shown). The one at the visit of the 
first vaccination is shown in the table. The mean of the two was defined as baseline for the statistical analysis.



exploratory efficacy outcomes (Figure 2).  
Higher rates of clinical response (improvement or 

stabilization on a clinical outcome) were seen for the 
IMM-AD04 2mg compared to the other treatment groups 
for the composite outcome, with similar direction of 
effects in the co-primary, secondary and exploratory 
endpoints (Table 2).  The percentage of patients who 
were rated as “same” or “better” at month 18 was nearly 
double in the IMM-AD04 2mg compared to all other 
groups for the composite.  

IMM-AD04 has beneficial effects on cognition 
and function 

Unexpectedly, the IMM-AD04 2mg group showed a 
slowing of cognitive, functional and global decline as 
shown on primary and secondary outcomes including 
adapted and traditional scales (Figure 2). Exploratory 
outcomes (NPI, QOL patient and QOL caregiver) and 
MRI brain volumes also showed some significant effects 
in the IMM-AD04 2mg group compared to the other 
4 groups. Although least squares means are shown in 
the figures, means show very similar patterns, so the 

covariates did not substantially affect the results of the 
study.

MRI brain volumes showed some statistically 
significant effects for right hippocampal volume with 
the IMM-AD04 2mg declining at a slower rate than other 
groups (Table 2). Total hippocampal volume showed 
similar, but less significant effects.  No statistically 
significant differences were seen for other MRI brain 
volumes.  Statistically significant correlations were seen 
between change in hippocampal volumes and change 
in aADAS-cog and the composite but not for change in 
aADL (data not shown). 

Historical efficacy data from comparable populations 
in ADNI and two ADCS studies were assessed to 
understand how the observed clinical decline rates 
compare to historical placebo declines.  The IMM-AD04 
1mg declined at a similar rate to the historical control 
for the adapted ADCS-ADL with an estimated mean 
to standard deviation ratio in the IMM-AD04 1mg of 
approximately 0.72, compared to the 0.70 ratio that 
was based on the pooled historical control group that 
was used to power the study. This result supports a 
positive effect of IMM-AD04 2mg on the rate of disease 
progression. 
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Figure 2. Efficacy outcomes

Outcomes are shown as change over time using the least squares means from mixed model. ADAS-Cog: Alzheimer Disease Assessment Scale-cognitive; ADCS-ADL: 
Alzheimer Disease Cooperative Trial-Activities of Daily Living; CDR-sb: Clinical Dementia Rating ‘sum of boxes; NPI: Neuropsychiatric Inventory; QOL-AD: Quality of 
Life-Alzheimer’s Disease. R: right. L: left. a: Adapted. 



The lack of an effect in the AD02 groups that also 
included 2 mg Alum was consistent with an observed 
negative statistical interaction between AD02 and Alum. 
This negative synergy was seen for the aADAS-cog as 
well as other outcomes.

Vaccine induced IgG type antibodies to aggregated 
Aβ, AD02 and KLH are depicted in Table 3. Patients 
who had a sufficient increase (using pre-defined cut-off 
values) in these markers compared to baseline, were 
classified as antibody responders. We detected a robust 
IgG antibody response to KLH and AD02. The level of 
antibody response to aggregated Aβ was low. 

Comparisons between antibody responders and non-
responders showed a somewhat slower cognitive decline 
in the non-responder population for all three parameters 
(aggregated Aβ, AD02 and KLH IgG) but differences 
were not statistically significant.  

A dose response relationship was found for Alum 
across all endpoints at 18 months, with the groups 
including 2mg Alum performing better than those 
including 1mg Alum.  AD02 however was found to 
have a negative dose response relationship across most 
endpoints at 18 months with the best response in the 0 
mg group, and the 25ug and 75ug groups performing 
similarly to one another (data not shown). The apparent 

effect of Alum 2mg is not observed when there is an 
aggregated Aβ IgG immune response to AD02, which 
occurs in the majority of patients when AD02 is given. 
The lack of an effect in the AD02 groups that also 
included 2 mg Alum was consistent with a negative 
statistical interaction between AD02 and Alum in the 
adapted ADAS-cog and other outcome measures. 

Analysis of MMSE ≥ 23 and MMSE <23 

The most significant effects of IMM-AD04 2mg 
were seen in the patients who were milder at baseline 
(MMSE ≥ 23) (Figure 3). This difference was seen across 
all endpoints. The IMM-AD04 2mg patients who were 
less mild at baseline (MMSE<23) showed less decline in 
function (aADCS-ADL), but minimal separation from the 
other four groups on the other outcomes.

AD02 and IMM-AD04 are safe and well 
tolerated 

The majority of AEs reported in the trial were mild or 
moderate in severity (Table 4). Treatments were generally 
well tolerated as indicated by the low dropout rate of 
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Figure 3. Efficacy outcomes in mild and less mild patients

Patients with a score of MMSE ≥ 23 compared to those with an MMSE < 23 at Baseline.  Outcomes are shown as change over time using the least squares means from mixed 
model. R: right. L: left. a: Adapted.



18.7% by the end of the study. 
AEs were seen at similar rates across all treatment 

groups with slightly higher incidence rates of injection 
site reactions in the groups with 2 mg Alum. The most 
common local reactions were erythema, swelling, 
warmth, induration, pain, and pruritus. 

The percentages of patients with an AE considered 

related to the study drug were similar for the AD02 
25/2 (90.7%) and the IMM-AD04 2mg control group 
(86.3%). In comparison, percentages were lower for the 
AD02 75/2 (79.0%), the AD02 25/1 (71.4%) and the IMM-
AD04 1mg (70.8%). AEs leading to discontinuation were 
reported by two patients in IMM-AD04 1mg (4.2%), no 
patients in IMM-AD04 2mg, three patients in AD02 25/2 
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Table 3:  Characterization of the vaccine-induced IgG type antibody response
AD02 25/2 AD02 25/1 AD02 75/2 IMM-AD04  1mg IMM-AD04 2mg

A. ELISA analysis 

  AD02 (baseline) 39.9 (69.54) 24.7 (15.02) 26.4 (22.77) 25.9 (26.21) 24.6 (14.75)

  AD02 (week 12) 1820.0 (3335.89) 837.8 (1896.66) 1890.3 (5361.39) 24.6 (25.13) 33.5 (74.97)
  KLH (baseline) 297.9 (551.88) 270.3 (459.46) 295.2 (462.25) 561.7 (1558.79) 305.9 (648.04)
  KLH (week 12) 29840.0 (32496.84) 14460.0 (23178.79) 27573.0 (30771.12) 506.7 (1507.21) 328.8 (656.71)
B. FACS analysis 

  aggregated Aβ (baseline) 39.1 (19.83) 39.1 (19.77) 40.4 (23.10) 43.5 (32.11) 43.5 (31.37)
  aggregated Aβ (week 12) 53.4 (78.58) 41.7 (19.27) 42.3 (20.26) 44.3 (31.55) 45.1 (34.52)
C. Responder Rate

  AD02 85.1% 68.8% 79.0% 2.1% 2.0%
  KLH 93.2% 81.8% 92.6% 0.0% 0.0%
  aggregated Aβ 45.9% 32.5% 30.9% 27.1% 23.5%
A. Reciprocal titers of AD02 and KLH were measured at baseline and after 3 immunizations by ELISA. Values are expressed as the mean titer (± SD). B. The Ab response 
to aggregated Aβ was measured at baseline and after 3 immunizations by a FACS-based assay. Mean fluorescence intensity values are given as the mean (± SD).C. Subjects 
who have a ratio at post-baseline that is greater than the defined cut-off were classified as an antibody responder for the particular immune response. Antibody responder 
cut-off values were defined as follows: aggregated Aβ ≥1.2x baseline, AD02 (end titer) ≥9x baseline, KLH (end titer) ≥9x baseline.

Table 2: Primary and exploratory efficacy results
AD02 25/2 AD02 25/1 AD02 75/2 IMM-AD04 1mg 

Effect Size P-Value Effect Size P-Value Effect Size P-Value Effect Size P-Value

Primary efficacy measures 

aADAS cog 36% 0.2543 53% 0.0220 48% 0.0553 42% 0.1899

aADL 44% 0.0414 36% 0.1512 39% 0.0885 43% 0.0850

Composite 43% 0.2266 55% 0.0484 56% 0.0315 53% 0.0996

ADAS-cog 11 32% 0.3431 51% 0.0351 48% 0.0603 39% 0.2396

ADCS-ADL 36% 0.1108 12% 0.6863 37% 0.0803 32% 0.2320

CDR-sb 32% 0.1168 37% 0.0459 19% 0.3436 23% 0.3315

Exploratory efficacy measures 

NPI 119% 0.1718 114% 0.0708 115% 0.0969 111% 0.0514

QOL Caregiver 100% 0.0053 100% 0.0040 100% 0.0485 100% 0.0085

QOL Patient 67% 0.4694 73% 0.3711 63% 0.5241 50% 0.7253

R.Hippocampal Volume 41% 0.0354 46% 0.0095 41% 0.0328 37% 0.1080

L.Hippocampal Volume 27% 0.1316 24% 0.2036 14% 0.5015 15% 0.5232

AD02 25/2 AD02 25/1 AD02 75/2 IMM-AD04  1mg IMM-
AD04 2mg

Effect Size P-Value Effect Size P-Value Effect Size P-Value Effect Size P-Value Effect size

% Improved on Composite and P-value vs. IMM-AD04 2mg

Same or Better Over 18 Months 26% 0.0955 23% 0.0151 31% 0.0484 17% 0.0067 48%
Results are shown for month 18 in comparison to the IMM-AD04 2mg group. ADAS-cog: Alzheimer’s disease Assessment Scale-cognitive; ADL: Activities of daily living; 
CDR-sb: Clinical Dementia Rating ‘sum of boxes.’ Neuropsychiatric Inventory; QOL: Quality of life. L: Left, R: Right, a: Adapted. 
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(4.0%), one in AD02 25/1 (1.3%), and by no patients 
in the AD02 75/2. Of these, only one patient in AD02 
25/2 discontinued because of an AE that was considered 
related to the vaccine.

A total of 73 serious adverse events (SAEs) were 
reported during the trial; however, only four of these 
in AD02 25/2 were considered by the investigator to 
be related to treatment. A lower percentage of patients 
reported AEs in the control groups (range: 4.2% to 5.9%) 
compared with the active treatment groups (range: 7.8% 
to 9.9%). Four patient deaths were reported during the 
trial distributed among the treatment and control groups. 
Deaths were caused by respiratory failure, disease 
progression of a prior condition, and esophageal and 

bronchial carcinoma. The investigators assessed all four 
events to be unrelated to the study drug. 

Safety lab results showed no confirmed signal for 
autoimmunity surrogates. There was no evidence of 
meningoencephalitis or vasogenic edema (ARIA-E). 
Microhemorrhages (ARIA-H) were in the expected range 
with no differences between treatment groups.

Laboratory analysis did not reveal any clinically 
relevant abnormalities in blood cell counts. There was 
also no evidence for hepatotoxicity or nephrotoxicity, and 
no impact on vital signs was observed.

Table 4: Adverse Events
IMP Control

Assessment AD02 25/2 
(n =75)

AD02 25/1 
(n=77)

AD02 75/2 
(n =81)

IMM-AD04  
1mg (n =48)          

IMM-AD04 
2mg (n =51)

Patients with 0 AEs, n (%) 4 (5.3) 9 (11.7) 10 (12.3) 7 (14.6) 4 (7.8)

Patients with at least 1 AE, n (%) 71 (94.7) 68 (88.3) 71 (87.7) 41 (85.4) 47 (92.2)

Total number of AEs 1017 742 949 336 649

Serious adverse events 

Patients with a serious AEs n (%) 14 (18.7) 10 (13.0) 16 (19.8) 5 (10.4) 7 (13.7)

Number of serious AEs 23 11 23 6 10

Patients with an SAE considered related, n (%) 2 (2.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Number of SAEs considered related 4 0 0 0 0

  Patients who discontinued due to an AE*, n (%) 2** (4.2) 1 (1.3) 0 (0.0) 3 (4.0) 0 (0.0)

Adverse events (preferred terms or body systems of events occurring in at least 10% of patients)

General disorders and administration site conditions 66 (88.0) 56 (67.5) 63 (77.8) 34 (70.8) 43 (84.3)

Injection site erythema 59 (78.7) 42 (54.5) 51 (63.0) 27 (56.3) 37 (72.5)

injection site swelling 48 (64.0) 36 (46.8) 44 (54.3) 13 (27.1) 26 (51.0)

Injection site warmth 40 (53.3) 31 (40.3) 43 (53.1) 18 (37.5) 26 (51.0)

Injection site induration 34 (45.3) 26 (33.8) 35 (43.2) 13 (27.1) 14 (27.5)

Injection site pruritus 32 (42.7) 22 (28.6) 30 (37.0) 4 (8.3) 10 (19.6)

Injection site pain 30 (40.0) 22 (28.6) 23 (28.4) 14 (29.2) 31 (60.8)

Injection site nodule 13 (17.3) 12 (15.6) 18 (22.2) 4 (8.3) 11 (21.6)

Infections and infestations 21 (28.0) 19 (24.7) 22 (27.2) 15 (31.3) 12 (23.5)

Nasopharyngitis 9 (12.0) 9 (11.7) 5 (6.2) 9 (18.8) 2 (3.9)

Nervous system disorders 17 (22.7) 24 (31.2) 21 (25.9) 13 (27.1) 10 (19.6)

Headache 5 (6.7) 10 (13.0) 8 (9.9) 3 (6.3) 3 (5.9)

Psychiatric disorders 9 (12.0) 19 (24.7) 17 (21.0) 8 (16.7) 8 (15.7)

Investigations 14 (18.7) 21 (27.3) 15 (18.5) 9(18.8) 12 (23.5)

Injury, poisoning and procedural complications 11 (14.7) 10 (13.0) 14 (17.3) 2 (4.2) 5 (9.8)

Gastrointestinal disorders 13 (17.3) 13 (16.9) 11 (13.6) 9 (18.8) 6 (11.8)

Diarrhea 3 (4.0) 8 (10.4) 3 (3.7) 5 (10.4) 0 (0.0)

Vascular disorders 9 (12.0) 8 (10.4) 5 (6.2) 1 (2.1) 7 (13.7)

Musculoskeletal and connective tissue disorders 11 (14.7) 10 (13.0) 10 (12.3) 6 (12.5) 7 (13.7)
AE: adverse event; SAE: serious adverse event; * Two additional patients, 11-003 (75ug/2mg) and 62-011 (25ug/1mg) had drug withdrawn due to AE and also disconti-
nued the study, but are not included in these numbers; ** One of these patients, 32-003, had actually completed the study within 30 days prior to experiencing the AE 
that would have resulted in withdrawal
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Discussion
 
This phase II trial failed to show a treatment benefit 

of AD02, a vaccine targeting aggregated Aβ. In contrast 
to the results of the phase I trial, we were unable to 
show consistent results between antibody responders to 
aggregated Aβ and to non-responders across evaluated 
endpoints, possibly due to the  low level immune 
response to aggregated Aβ. Unexpectedly, the IMM-
AD04 2mg control group showed a slowing of decline 
on primary, secondary and exploratory scales relative to 
the other four groups. We additionally observed that the 
decline in hippocampal volume is slowed relative to the 
other four groups following treatment with IMM-AD04 
2mg, which is supportive of a disease modifying effect. 

The slowing of decline in the control group, IMM-
AD04 2mg, raises the concern that in our study it is not 
clear which, if any, of our groups has a true placebo 
decline rate. Several potential scenarios could explain 
the slower decline in the IMM-AD04 2mg group and the 
relatively faster decline in the other four groups. The 
first scenario is that the result is due to the IMM-AD04 
2mg group having no effect (i.e. reflecting a true placebo 
decline), and the other four groups having a similar size 
negative effect. A second scenario is that a true placebo 
group would have declined at an even faster rate than all 
other groups, potentially pointing to a treatment effect 
of similar magnitude in all other groups and an even 
larger effect for IMM-AD04 2mg. These two scenarios are 
improbable due to the requirement that the other four 
groups would need to have a similar negative or positive 
effect relative to a true placebo. Comparison of the results 
of this study to a historical control group based on the 
ADCS studies and ADNI revealed an even faster decline 
than the four other groups. The explanation that the 
population in this study was inherently slower declining 
than the historical groups, potentially due to a milder 
disease state, with no positive or negative treatment effect 
in all other groups, would be a more rational explanation. 
Even if we assume no treatment effect for the four other 
groups, the treatment effect observed in the IMM-AD04 
2mg could be due to chance, or due to minor baseline 
imbalances in the randomized groups. For example, 
there were slight imbalances in baseline age, gender 
distribution and height of study participants. However, 
the p-values take into account this chance possibility, and 
the primary model was corrected for baseline covariates 
such as age and baseline scores that are known to affect 
decline rates.

The original intention to include Alum instead of inert 
saline in the control groups was to preserve blinding, 
as solutions with Alum have a different appearance 
and would be expected to induce more local reactions. 
Although blinding was preserved, the two IMM-AD04 
doses showed a different rate of cognitive decline, the 
control groups for the study were no longer able to be 
pooled for comparison, resulting in weaker study power 

than originally planned. The two control groups have 
only 48 and 51 subjects, respectively, compared to 75, 77 
and 81 subjects in the AD02 groups, resulting in mean 
scores that have more uncertainty than if the controls 
could have been pooled. 

The apparent treatment effect of IMM-AD04 
2mg comes unexpectedly,  as a l ink has been 
suggested between increasing human exposure to 
aluminum and the rise in chronic diseases including 
cancers and neurodegenerative diseases such as AD 
(reviewed in (29)). However, scientists have been 
unable able to definitively show a connection between 
aluminum exposure and the development of chronic 
neurodegenerative diseases (reviewed in (30)). 
Additionally, the route of exposure (subcutaneous vs. 
ingested) will significantly influence aluminum´s toxicity 
in the body. It is important to note that the amount 
of Alum included in vaccines addressed in this trial 
would only be expected to increase the normal metabolic 
clearance rate of aluminum by about 2%.

The question arises, why should Alum have an effect 
when administered alone (as IMM-AD04) but not when 
present in formulations with AD02 at doses of 25µg and 
75µg? IMM-AD04 and complexes of Alum/AD02 are 
inherently different entities. Aspects in which they differ 
include their fate upon injection and the type of immune 
reactions they induce. Aluminum has been found in the 
brains of mice at dose dependent levels upon s.c. injection 
of aluminum alone (18). It is conceivable that distribution 
upon injection is different if Alum is administered alone 
or as a complex with large proteins such as KLH. When 
administered alone, Alum primarily triggers a response 
of the innate immune system. In addition, it may 
modulate specific immune responses that are ongoing 
in the host organism. By contrast, AD02 adsorbed to 
Alum triggers a different immune response. The AD02 
peptide protein component may blunt the stimulation of 
the innate immune response elicited by “naked” Alum. 
Moreover, the AD02 peptide protein conjugate elicits 
antibodies to vaccine components and the target as well 
as carrier-specific T cells, which may modulate the effect 
of Alum. These differences between the two entities may 
explain their distinct abilities to hinder AD progress. 
Comparing aggregated Aβ IgG responders and non-
responders within the AD02 treated groups revealed 
that Aβ non-responders decline less. This suggests that 
the aggregated Aβ response (IgG) in the AD02 groups 
may eliminate or reduce the effect of the Alum. Either 
of these explanations, the blunting of the innate immune 
response by protein coating and the potential induction 
of antibodies with a negative effect, may contribute to 
the lack of effect seen when Alum is applied along with 
AD02. Either or both of these possibilities are consistent 
with the observed statistically significant negative 
interaction between Alum and AD02 for the composite 
outcome.

Initial studies suggest adjuvants have effects beyond 
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their classic role as amplifiers of specific immune 
responses. Adjuvant-activated phagocytes have 
been suggested to be able to clear toxic molecules, 
including Aβ (31). This was further supported by the 
demonstration that Monophosphoryl Lipid A (MPL) 
reduces Aβ plaques in the APP/PS1 transgenic mouse 
model (32). Interestingly, a Phase III clinical study 
involving 450 chronic hepatitis B patients showed 
a higher seroconversion rate (defined in this study as 
the loss of hepatitis B surface antigen and presence of 
anti-hepatitis antibody at the end of the treatment) in 
the aluminum only group compared to the antigen/
aluminum-containing vaccine group (33). The authors 
speculate that this may be related to the response of the 
pro-inflammatory cytokine IL-17 that was observed in 
the aluminum-only group. Innate immune mechanisms, 
triggered by misfolded/aggregated proteins through 
pattern recognition receptors, have recently emerged 
in the literature as a crucial component in the 
pathophysiology of neurodegenerative diseases including 
AD (5, 6). Neuroinflammation and lifestyle conditions 
associated with elevated inflammatory mediators in the 
periphery (e.g., history of systemic infection, obesity, 
reduced physical activity) are risk factors for AD (6, 
34, 35). Moreover, inflammatory pathways resulting in 
increased levels of complement components, eicosanoids, 
chemokines and cytokines, are activated in AD as shown 
by different approaches in several studies (6, 36-38). 
It is therefore tempting to speculate that IMM-AD04 
acts by beneficially modulating inflammatory processes 
associated with AD, either centrally upon arrival in the 
brain and interaction with microglia and/or peripherally 
through stimulation of innate immune cells at the 
injection site. 

The failure to show a treatment benefit of AD02 in 
this phase II study precludes further development of 
AD02, although it is acknowledged that the desired 
immune response was not achieved. The unexpected 
positive signal for 2mg of IMM-AD04 supports further 
study to both identify a potential mechanism of action 
and to confirm the clinical and biomarker signal that was 
observed.
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