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Abstract

Objective—To describe the methods and baseline characteristics of a VA Cooperative Studies

Program trial designed to compare the effectiveness of 1) alpha-tocopherol, a vitamin E

antioxidant, 2) memantine (Namenda®), an NMDA antagonist, 3) their combination, and 4)

placebo in delaying clinical progression in Alzheimer disease.

Design—Multi-center, randomized, placebo controlled trial

Setting—14 VA medical centers.

Patients—613 patients with a diagnosis of possible or probable Alzheimer's disease of mild-to-

moderate severity defined as a Mini-Mental State Examination (MMSE) total score between 12

and 26 inclusive who were taking an acetylcholinesterase inhibitor.

Intervention—: 2,000 IU/day of alpha-tocopherol + placebo, 20 mg/day of memantine +

placebo, 2,000 IU/day of alpha-tocopherol + 20 mg/day of memantine, or double placebo.

Main Outcome Measures—The primary outcome is the Alzheimer's Disease Cooperative

Study/Activities of Daily Living Inventory (ADCS-ADL). Secondary outcome measures include

the MMSE, the Alzheimer's Disease Assessment Scale - Cognitive portion, the Dependence Scale,

the Neuropsychiatric Inventory, and the Caregiver Activity Survey.

Results—The majority of the enrolled patients were male (97%), white (86%) with a mean age

of 79. The mean scores of the ADCS-ADL, and MMSE, at entry were 57, and 21, respectively.

Conclusion—This large multicenter trial will address the unanswered question of the long-term

safety and effectiveness of alpha-tocopherol, memantine and their combination in patients with

mild-to-moderate Alzheimer's disease taking an acetylcholinesterase inhibitor. The results are

expected in early 2013.

Keywords

Alzheimer's disease; alpha-tocopherol; vitamin E; memantine; Namenda; acetylcholinesterase
inhibitor; randomized clinical trial

Introduction

Cognitive impairment, functional decline, and behavioral symptoms that characterize

Alzheimer's disease are associated with brain cholinergic loss,1, oxidative stress,2 and

excessive glutamate activity.3,4 Current therapeutic strategies include efforts to 1) enhance
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cholinergic neuronal function with an acetlycholinesterase inhibitor, 2) promote

neuroprotective effects with the administration of an antioxidant, and 3) block pathologic

activity of excessive glutamate with a moderate-affinity NMDA antagonist. A combination

of pharmacological therapies is potentially more effective than individual treatments alone.

To test this hypothesis, this study examines the effectiveness of drug treatment with

combinations of 1) an acetylcholinesterase inhibitor (AChEI), which facilitates central

acetylcholine neurotransmission; 2) alpha-tocopherol (vitamin E), a fat soluble vitamin and

antioxidant that has been shown to slow the rate of progression of moderately severe AD;5

and 3) memantine (Namenda©), a moderate-affinity NMDA antagonist that blocks

excessive stimulation of NMDA receptors by glutamate6 and is FDA approved for the

treatment of moderately severe Alzheimer's disease.

Methods

Overview of Study Design

The Department of Veterans Affairs (VA) Cooperative Study Program (CSP) Trial of

Vitamin E and Memantine in Alzheimer's disease (TEAM-AD) was designed as a double-

blind, placebo-controlled, randomized clinical trial to assess the efficacy of 2,000

international units per day (IU/d) of alpha-tocopherol, 20 mg per day of memantine

(Namenda®), and the combination in delaying clinical progression in patients with

Alzheimer's disease who are currently taking an AChEI. The target population was Veterans

with a diagnosis of possible or probable Alzheimer's disease7of mild-to-moderate severity

defined as a Mini-Mental State Examination (MMSE) total score between 12 and 26

inclusive.8 Figure 1 displays an overall schematic of the study design.

A total of fourteen VA medical centers participated in the trial (the organizational structure

and study personnel for the trial are listed in the Appendix). The study protocol was

approved by the institutional review boards at each participating site and the human rights

committee at the West Haven CSP Coordinating Center. The trial is monitored for efficacy

and safety by an independent Data Monitoring Committee (DMC) and is registered on

www.clinicaltrials.gov (ClinicalTrials.gov Identifier: NCT00235716). All participants or

their surrogates gave written informed consent prior to study participation.

Study Hypotheses and Objectives

The primary study hypothesis is that compared with placebo, alpha-tocopherol and/or

memantine will significantly delay clinical progression in mild-to-moderately demented

patients with Alzheimer's disease who are currently taking an AChEI [donepezil (Aricept®),

rivastigmine (Exelon®), or galantamine (Razadyne®)] and that combination treatment with

alpha-tocopherol and memantine will add further incremental benefit. Secondary study

hypotheses are that alpha-tocopherol, memantine and the combination will slow cognitive

decline; slow functional decline; improve behavioral symptoms; and reduce caregiver

burden, all relative to placebo. Randomization was performed centrally by the coordinating

center and stratified by site using a random permuted block design of randomly varying

sizes. The patient, caregivers, and all site investigators were blinded to the treatment

assignment.

Dysken et al. Page 3

Alzheimers Dement. Author manuscript; available in PMC 2014 August 11.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.clinicaltrials.gov


Treatment Regimens

Eligible patients who were currently taking an AChEI were randomly assigned to either

2,000 IU per day of alpha-tocopherol plus a matching placebo for memantine, 20 mg per day

of memantine (Namenda®) plus a matching placebo for alpha-tocopherol, the combination

of these two agents, or matching placebos for both memantine and alpha-tocopherol.

Caregivers of study participants were requested to take on the responsibility of medication

compliance for participants.

Alpha-tocopherol (or matching placebo) was given as an oral dose of 1000 IU twice a day.

Dosage adjustments are allowed depending on participants’ tolerability of the regimen. The

form of vitamin E used in this study is dl-alpha-tocopheryl acetate (“synthetic” vitamin E;

DSM Nutritional Products, Inc.) formulated as hard-gelatin, liquid-filled capsules containing

soybean oil (Arista Industries, Inc.). Encapsulation of the oils was completed by the VA

Cooperative Studies Program Clinical Research Pharmacy Coordinating Center.

Memantine (or matching placebo) was titrated over four weeks to a maintenance dosage of

10 mg twice a day. . At the end of the titration period, participants were taking four 5-mg

tablets daily, two in the morning and two in the evening. For an individual whose estimated

creatinine clearance at entry or during follow-up was < 30 mL/min, site investigators were

directed to reduce the dosage of memantine to 5 mg bid.

Outcome Measures

The primary endpoint of the study is the Alzheimer's Disease Cooperative Study/Activities

of Daily Living (ADCS/ADL) Inventory. 9 The ADCS/ADL Inventory is designed to assess

functional abilities to perform activities of daily living in Alzheimer patients with a broad

range of dementia severity. The total score ranges from 0 to 78 with higher scores indicating

greater abilities.

Secondary outcome measures include 1) the MMSE,7 ( the most widely used instrument for

the assessment of dementia severity and dementia progression; 2) the Alzheimer's Disease

Assessment Scale - Cognitive Subscale (ADAS-cog),10,11 a widely used measure of

cognitive function; 3) the Dependence Scale,12 an instrument used in patients with

Alzheimer's disease to measure function; 4) the Neuropsychiatric Inventory (NPI),13 an

assessment of psychological and behavioral problems in patients with dementia; and 5) the

Caregiver Activity Survey (CAS),14 a measure of caregiver time and distress in caring for

patients with dementia.

All serious adverse events (SAEs) and non-serious adverse events (AEs) were recorded.

Caregivers and patients were queried in general about adverse experiences at each contact

and specifically queried for patient falls, syncope, and congestive heart failure diagnoses due

to concerns from previous studies that these events could be related to high dose alpha-

tocopherol treatment.5,15 All randomized participants were followed in clinic every 6-

months for a minimum of 6 months to a maximum of 4 years.
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Analytical Plans

The original sample size for the study was 840 participants (155 per treatment group). This

sample size was selected to provide 90% power to detect a 4-point mean treatment

difference in the ADCS/ADL inventory by the end of an average of 2.5 years of follow-up

with a type-I error of 0.0083 to control for 6 treatment comparisons and adjusted for 2.5%

losses per 6 month follow-up. The original sample size used an estimated standard deviation

of the ADCS/ADL of 12 units16 and the correlation of the repeated ADCS/ADL

measurements within participants of 0.50. A re-estimation of sample size was conducted

prior to the scheduled end of recruitment that included the observed variance and correlation

of repeats of the primary outcome measure as well as the observed loss rate. To preserve the

type-I error, the observed treatment effect was not used in the sample size re-estimation

procedure. The outcome of the sample size re-estimation is presented in the Results section

of this manuscript.

Interim analyses for treatment efficacy of the primary endpoint were planned for at least two

time points using the methods of Haybittle and Peto17 but were designed to be flexible and

allow the DMC to “look” on request. To protect the Type-I error, the three primary

treatment comparisons of interest (the active treatment groups vs. the placebo group) were

tested using a single 3 degrees of freedom test. If the joint test was significant at p<0.001,

the individual treatment comparisons were examined by the DMC to consider

recommending early termination of the trial, or eliminating one or more treatment arms.

The effect of treatment on the primary endpoint will be analyzed by a longitudinal repeated

measures mixed effects model, adjusted for medical center as a random effect in the model

and for the baseline ADCS/ADL Inventory score. Model building methods will be used to

first determine the best mean structure of the outcome (e.g., time as linear or categorical, and

treatment by time interactions) and then to determine the best fitting and most parsimonious

covariance structure for the data. The sequentially rejective procedure of Hochberg will be

used to determine statistical significance of all six possible treatment comparisons using an

overall Type I error of 5% (two-sided).18 The same analytic approach will be used for the

secondary outcomes except for the Dependence Scale, which will be analyzed by time to

event (increase in dependence) model assuming a Weibull distribution to better account for

interval censoring.19,20

Planned secondary analyses include an examination of baseline MMSE score on the

treatment effect; an analysis of APO-E genotypes and their relationships with treatment

effect and progression; the marginal effects of alpha-tocopherol and of memantine if there is

no interaction among treatment arms in the four treatment group comparisons; and an

examination of the relationship between serum alpha-tocopherol levels and/or serum

memantine levels and outcomes.

Results

Between August 7, 2007 and March 31, 2012, 668 Veterans consented and were formally

screened and 613 were randomized: 152 to Alpha-tocopherol alone, 155 to memantine

alone, 154 to Alpha-tocopherol plus memantine, and 152 to placebo (Figure 1). The most
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common reasons for exclusion was a MMSE score out of the acceptable range of 12 to 26

(53% of those excluded).

In January 2011, the DMC was presented with the final sample size re-estimation that

included an observed variance of 12.1 of the mean ADCS/ADL Inventory from the planned

model, an observed correlation of 0.57 of the repeated ADCS/ADL measurements within

participants, and an observed loss rate of 7.8% per 6 months follow-up. Based on these

observations and an extension of the enrollment period of 1.5 years (to March, 2012) and the

follow-up period of one year (to September, 2012), the sample size for the trial was re-

estimated using the a protocol hypothesized slope of the treatment effect of 0.8 units per 6

months and original adjusted type-I error of 0.0083. The study extension increased the

median follow-up from 2.5 years to approximately 3 years and thereby increased the

estimated overall treatment effect from 4 units over 2.5 years to 4.8 units over 3 years. This

increase in average treatment effect to 4.8 units increased the composite effect size (adjusted

for attrition) from 37% to 45%. The re-estimated total sample size to achieve approximately

90% power was 600.

As expected in a sample of VA patients with mild-to-moderate AD, most Veterans were

male (97%), white (86%), high school graduates or had some college education (78%) and

slightly overweight (mean BMI = 27). Eleven percent of participants were Hispanic and

77% were white non-Hispanic. The mean age at enrollment was 79 years (SD = 7.1) with a

range of 53 to 96. Notable positive clinical histories (>20%) include glaucoma or cataracts

(36%), diabetes (27%), emotional problems (27%), musculoskeletal problems (27%), and

heart disease (24%). The mean (SD) Charlson Risk Index score21 at entry was 2.5 (1.7) and

the majority of participants (54%) had ≥ 2 comorbidity domains on the Kansas City Stroke

Study Comorbidity Disease Index22,23 (Table 1).

A total of 612 patients (99.8%) were on an AChEI at baseline; one patient was not on an

AChEI, which represented a protocol violation. Donepezil and galantamine were the most

commonly prescribed AChEI at baseline;65% and 32%, respectively . The mean (SD)

number of weeks from any AChEI initiation to randomization was 53 (66) with the overall

percentage of participants who had been taking an AChEI > 12 weeks at 72% (Table 2).

The overall mean (SD) score for the ADCS/ADL Inventory was 56.8 (14.2), ranging from 8

to 78. The overall mean (SD) score for the MMSE was 21.0 (3.6), ranging from 12 to 26

(the range of eligibility for the study) (Table 3). The means (SD) for the ADAS-cog, NPI,

and CAS were 18.8 (8.4), 12.5 (13.4), and 6.8 (10.9), respectively. The most frequent stages

of Dependence were levels two (55%) and three (22%).

Discussion

VA TEAM AD was designed to assess the efficacy of 2,000 international units per day of

alpha-tocopherol, 20 mg per day of memantine, and the combination in delaying clinical

progression in mild-to-moderately demented patients with Alzheimer's disease. With the

exception of a study sample composed predominantly of men, participants in CSP #546 are

typical of patients who have been enrolled in clinical trials of Alzheimer patients with mild-
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to- moderate disease severity. 24-29 The study will be one of the largest and longest

treatment trials in Alzheimer patients with mild-to-moderate dementia.30 It will also be the

first large-scale clinical trial to assess not only the effectiveness of alpha-tocopherol in

Alzheimer patients with mild-to-moderate dementia but also the combination of alpha-

tocopherol and memantine. In addition, the study will provide valuable information on

reported safety issues of alpha-tocopherol31 that have resulted in decreased prescribing of

alpha-tocopherol for patients with Alzheimer's disease.32

The length of follow-up for CSP #546 is considerably longer than the follow-up period in

most AD clinical trials.24-29 In a Cochrane review of AChEI treatment in Alzheimer's

disease, most of the Alzheimer's clinical trials (N=12) averaged between 24 and 26 weeks of

follow-up with only two trials that were a year (52 weeks) or longer (104 weeks).33 For an

alpha-tocopherol study of subjects with mild cognitive impairment 34 and the Sano et al.

study in moderately severe AD patients,5 the trial duration was 3 and 2 years, respectively.

In three recent memantine clinical trials in mild-to-moderate AD,35-37 the trial duration for

each study was only 24 weeks. The knowledge gained from the relatively long-term follow-

up in CSP #546 is an important component of the trial and will make the study results

unique.

At the same time the long-term follow-up in an AD population has proved to be challenging.

At the time of the last sample size re-estimation, the overall withdrawal rate was 31% and

much greater (7.8% per 6-months) than anticipated during study design (2.5% per 6-

months). On the other hand, the overall CSP #546 withdrawal rate at that time was

comparable with withdrawal rates that were reported and analyzed for 15 recently published

clinical trials in AD patients with mild-to-moderate dementia of shorter duration.30 Among

these 15 studies, the average withdrawal rate was 26% with a range of 15% to 28%. Clinical

trial duration was not a factor in predicting withdrawal rates nor was there a difference

between placebo and active medication.

The CSP #546 Executive Committee closely monitored the study's withdrawal rate stressed

the importance of retention with sites, and attempted to address issues when possible. Some

of the successful techniques used by participating sites to improve retention were: assisting

patients and caregivers in navigating the VA system; connecting patients and caregivers

with VA social work services; scheduling study appointments in conjunction with other

appointments at the medical center; and conducting study visits over the telephone or in a

patient's home when possible.

The sample size re-estimation procedure used in the trial allowed for a reduction in the

target sample size (840 to 600) based partly on a larger than expected correlation between

repeated measures but primarily due to the increase in overall effect size by increasing the

average follow-up time of participants..

The original target sample size of 840 could not be achieved due to a lower than expected

number of eligible patients, greater than anticipated staff workload to enroll and follow

patients, and higher refusal rates for study participation from patients and caregivers. The

primary reason for excluding potential participants who signed the informed consent was a

Dysken et al. Page 7

Alzheimers Dement. Author manuscript; available in PMC 2014 August 11.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



MMSE score out of the acceptable range of 12 to 26 (53%); however, site staff reported that

the prominent reasons for exclusions prior to data collection were warfarin use, off label

memantine use, overall caregiver burden, study pill burden, and concern about the safety of

high dose alpha-tocopherol due to a published meta analysis of the possible risk of alpha-

tocopherol31 and popular media coverage of the article.

During the course of the enrollment period the study's Executive Committee closely

monitored recruitment and attempted to address issues when possible. For example, it was

decided that warfarin use would not be removed as an exclusion criterion due to concern

about a possible increased risk of bleeding in patients taking a combination of warfarin and

high dose alpha-tocopherol. To encourage enforcement of VA guidelines that memantine

should only be prescribed for patients with moderately severe disease (MMSE < 15),

discussions were held with pharmacy managers within the participating VA medical centers.

Prescriptions received outside of the VA, although relatively few, could not be addressed.

To try and reduce caregiver burden and stress, the Committee encouraged site staff to

connect caregivers to Alzheimer's disease support groups and to help them navigate the VA

system for other needed medical care. Research coordinators were also encouraged to travel

to patients’ homes for follow-up visits whenever possible and to conduct follow-up

assessments over the telephone if needed. Following IRB approval caregivers were provided

published materials on Alzheimer's disease and care giving and were given study newsletters

with information about the study with tips on patient management and reduction in caregiver

stress. To address concerns about the safety of high dose alpha-tocopherol, information was

provided to study staff and potential participant and caregivers about the d Data Monitoring

Committee monitoring procedures in the study, the possible benefits of alpha-tocopherol in

Alzheimer's disease, and published information38 about the methodological limitations of

the meta-analysis by Miller et al.31

Although representative of the gender ratio for the Veteran population, one limitation of the

study is the small percentage of women. There is no reason, however, to expect that the

effect of alpha-tocopherol or memantine will be significantly different in females compared

to males based on the results of past controlled studies showing no gender effect on

outcome.5,34,39,40 There is also no strong plausible mechanism to support the belief that

these therapies would have a different effect in males compared to females. An additional

limitation of the study may be the higher than anticipated loss rate if that loss rate turns out

to be informative, which is not implausible since losses due to caregivers’ inability to

manage patients, nursing home placement, and death could all be related to the functional

and cognitive decline of the Alzheimer's disease study participants over time.

The VA TEAM-AD study is a large multicenter trial that will address the unanswered

question of the long-term safety and effectiveness of alpha-tocopherol, memantine, and the

combination in patients with mild-to-moderate Alzheimer's disease who are taking an

acetylcholinesterase inhibitor. The results of the study are expected in early 2013.
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Figure 1.
Flow of Participants in the Study
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Table 1

Demographic and Clinical Characteristics of Randomized Participants

Entry Characteristic N=613

Age in years, mean (SD), min–max 78.8 (7.1), 53–96

Male Sex, N (%) 594 (97)

Race, N (%)
*

    White 530 (86)

    Black or African American 80 (13)

    Other 4 (1)

Hispanic ethnicity, N (%) 66 (11)

Education, N (%)

    < High School Graduation 137 (22)

    High School Graduation 207 (34)

    Some College 135 (22)

    College Graduation or Advanced Degree 134 (22)

Body Mass Index, mean (SD) 26.7 (4.4)

Systolic Blood Pressure, mean (SD) 134 (17)

Diastolic Blood Pressure, mean (SD) 73 (11)

Laboratory Values, N, mean (SD)

    International normalized ratio (INR) 590 1.0 (0.3)

    HDL Cholesterol, mg/dL 608 48 (15)

    LDL Cholesterol, mg/dL 605 96 (32)

    Total Cholesterol, mg/dL 609 169 (38)

    Triglycerides, mg/dL 608 131 (73)

    Fasting Glucose, mg/dL 610 109 (36)

    Homocysteine, μmol/dL 586 13.6 (4.9)

    Thyroid-stimulating Hormone, μIU/mL 608 2.1 (1.4)

    Vitamin B12, pg/mL 607 604 (322)

    Creatinine Clearance, ml/mn 612 62.8 (22.7)

    Creatinine Clearance, N (%) < 30 ml/mn 23 (3.8)

Medical History, N (%)

    Glaucoma or Cataract 222 (36)

    Diabetes 167 (27)

    Emotional Problems 166 (27)

    Musculoskeletal Problems 166 (27)

    Heart Disease
** 146 (24)

    Sleep Disorder 87 (14)

    Cerebrovascular Disease 61 (10)

    Chronic Pain Syndrome 53 (9)
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Entry Characteristic N=613

    Peripheral Vascular Disease 50 (8)

    Renal Disease 28 (5)

    Parkinson's Disease 10 (2)

    Smoker (current or past) 387 (63)

Charlson Risk Index Score, Mean (SD) 2.5 (1.7)

Comorbidity Disease Index, N (%)

    ≤1 Domain 283 (46)

    2 Domains 158 (26)

    ≥3 Domains 172 (28)

*
Race and ethnicity were assessed in the study to able to demonstrate generalizability and to conduct possible subgroup analyses. Race and

ethnicity were self identified by study participants. More than one race indicated by one participant.

**
Heart Disease includes a history of myocardial infarction, congestive heart failure, and/or angina.

Alzheimers Dement. Author manuscript; available in PMC 2014 August 11.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Dysken et al. Page 16

Table 2

Concomitant Medications Use at Entry

Concomitant Medications, N (%)

Acetylcholinesterase Inhibitors (AChEI)

    Donepezil (Aricept®) 400 (65)

    Galantamine (Razadyne®) 194 (32)

    Rivastigmine (Excelon®) 18 (3)

Weeks from AChEI Initiation to Randomization, N (%)

    ≤ 12 weeks 170 (28)

    > 12 weeks 442 (72)

Statins 380 (62)

Aspirin 375 (61)

Antiplatelets, Anticoagulants, or Thrombolytics 43 (7)

Anticholinergics 26 (4)

Tertiary Tricyclic Antidepressants 18 (3)

Other Antidepressants 213 (35)

Antipsychotics 37 (6)

Sedatives/Hypnotics 37 (6)

Skeletal Muscle Relaxants 27 (4)

Vitamin C 59 (10)

Other Antioxidants
* 122 (23)

*
Other possible antioxidants included: Vitamin A, B6, B12, Folate, Zinc, Selenium, Lycopene, and Magnesium
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Table 3

Primary and Secondary Outcome Assessments at Entry

Assessments (range of scale), Mean (SD), Min-Max

Alzheimer's Disease Cooperative Study/Activities of Daily Living (0-78) 56.8 (14.2), 8-78

Mini-Mental State Examination (0-30) 21.0 (3.6), 12-26

Alzheimer's Disease Assessment Scale - Cognitive portion (0-70) 18.8 (8.4), 2.3-56

Neuropsychiatric Inventory (0-144) 12.5 (13.4), 0-95

Caregiver Activity Survey (0-144 hours) 6.8 (10.9), 0-144

Dependence Scale, N (%)

    Level 0 22 (4)

    Level 1 27 (4)

    Level 2 335 (55)

    Level 3 134 (22)

    Level 4 29 (5)

    Level 5 66 (11)

Alzheimers Dement. Author manuscript; available in PMC 2014 August 11.


