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ALZHEIMER DISEASE (AD) IS

among the most important
health problems of elderly per-
sons, affecting more than 4

million people in the United States. In
the last decade, cholinesterase inhibi-
tors have been widely used to alleviate
symptoms of cognitive dysfunction in
AD. The use of anti-inflammatory drugs
is among the strategies under active in-
vestigation for the development of effec-
tive disease-modifying treatment for AD.
This approach is supported by a wealth
of laboratory evidence that inflamma-
tory mechanisms contribute to neuro-
nal damage in AD.1 Furthermore, many
epidemiological studies suggest that anti-
inflammatory drugs have a protective
effect, reducing the incidence of AD.2

Results of small pilot clinical trials of
nonsteroidal anti-inflammatory drug
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Context Laboratory evidence that inflammatory mechanisms contribute to neuro-
nal injury in Alzheimer disease (AD), along with epidemiological evidence, suggests
that nonsteroidal anti-inflammatory drugs (NSAIDs) may favorably influence the course
of the disease.

Objective To determine whether treatment with a selective cyclooxygenase (COX) -2
inhibitor (rofecoxib) or a traditional nonselective NSAID (naproxen) slows cognitive de-
cline in patients with mild-to-moderate AD.

Design Multicenter, randomized, double-blind, placebo-controlled, parallel group trial,
with 1-year exposure to study medications.

Setting Forty ambulatory treatment centers affiliated with the Alzheimer’s Disease
Cooperative Study consortium.

Participants Participants with mild-to-moderate AD (Mini-Mental State Examina-
tion score of 13-26) were recruited from December 1999 to November 2000 using
clinic populations, referrals from community physicians, and local advertising. Stable
use of cholinesterase inhibitors, estrogen, low-dose aspirin, and vitamin E was al-
lowed. Participants with inflammatory diseases that might respond to the study medi-
cations were excluded. Of 474 participants screened, 351 were enrolled.

Interventions Once-daily rofecoxib, 25 mg, or twice-daily naproxen sodium, 220
mg, or placebo.

Main Outcome Measures The primary outcome measure was the 1-year change
in the Alzheimer Disease Assessment Scale-Cognitive (ADAS-Cog) subscale score. Sec-
ondary outcome measures included the Clinical Dementia Rating scale sum-of-boxes,
the Neuropsychiatric Inventory, the Quality of Life-AD, and the time to attainment of
significant end points (4-point decline from baseline ADAS-Cog score, 1-step wors-
ening on the global Clinical Dementia Rating scale, 15-point decline on the ADCS ac-
tivities of daily living inventory, institutionalization, or death).

Results The 1-year mean (SD) change in ADAS-Cog scores in participants treated
with naproxen (5.8 [8.0]) or rofecoxib (7.6 [7.7]) was not significantly different from
the change in participants treated with placebo (5.7 [8.2]). Results of secondary analy-
ses showed no consistent benefit of either treatment. Fatigue, dizziness, and hyper-
tension were more commonly reported in the active drug groups, and more serious
adverse events were found in the active treatment group than in the placebo group.

Conclusion The results of this study indicate that rofecoxib or low-dose naproxen
does not slow cognitive decline in patients with mild-to-moderate AD.
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(NSAID) efficacy in the treatment of AD
have been encouraging. One report indi-
cated a stabilizing effect of indometha-
cin treatment for 6 months,3 while a fol-
low-up study showed a trend toward
benefit with diclofenac treatment for 25
weeks.4 Neither study showed conclu-
sive results, and the patients with AD
showed poor tolerability of both drugs.
Larger studieswithbetter tolerated treat-
ment regimens, such as low-dose
prednisone for 1 year5 and hydroxychlo-
roquine for 18 months,6 failed to dem-
onstrate benefit in the treatment of AD.

Recent studies have provided strong
support for the testing of efficacy of
NSAIDs in the prevention of AD. A large
epidemiologic study using computer-
ized medical records to accurately in-
dicate drug use corroborates earlier
work, with evidence that use of NSAIDs
sharply reduces AD risk.7 In trans-
genic mice with AD-type amyloid depo-
sition, the NSAID ibuprofen reduced
brain inflammation and levels of soluble
and insoluble amyloid peptide, and im-
proved behavior.8,9

In this trial, we tested the hypoth-
esis that NSAID treatment would slow
the rate of cognitive decline in partici-
pants with mild-to-moderate AD. Se-
lection of treatment regimens was based
on consideration of the appropriate tar-
get in AD brain, as well as medication
tolerability. Results of studies in cell cul-
ture systems,10,11 rodents,12,13 and hu-
man brain10,14 indicate that neuronal up-
regulation of cyclooxygenase (COX) -2
may contribute to neurodegeneration
in AD. However, the epidemiological
data support the efficacy of long-term
use of low doses of nonselective NSAIDs
that inhibit COX-1 and COX-2,2 and
microglial COX-1 may be an impor-
tant target.15 Long-term treatment with
full doses of nonselective NSAIDs has
been associated with a substantial risk
of serious gastrointestinal tract toxic-
ity. Therefore, we used a standard dose
of the selective COX-2 inhibitor rofe-
coxib and a low-dose of the nonselec-
tive NSAID naproxen. We chose a treat-
ment period of 1 year based on evidence
from a pilot study of NSAID efficacy
with short-term treatment3 and the con-

cern about the risk of long-term expo-
sure in individuals with AD.

METHODS
Study Design

The study used a randomized, double-
blind, 3-group parallel design to com-
pare rofecoxib or naproxen with pla-
cebo. The treatment period was 12
months, followed by a 2-month wash-
out. Forty ambulatory treatment cen-
ters affiliated with the Alzheimer’s
Disease Cooperative Study (ADCS) con-
sortium participated in this trial after
obtaining approval from their local in-
stitutional review boards. Written in-
formed consent was obtained from
participants and/or legally authorized
representatives, according to local
guidelines.

Individuals with probable AD16

recruited from December 1999 to
November 2000 using clinic popula-
tions, referrals from community phy-
sicians, and local advertising were eli-
gible if they did not have comorbid
conditions that increased the risk of
adverse events associated with NSAID
treatment (hypersensitivity to aspirin
or NSAIDs, active peptic ulcer disease
within 5 years, renal insufficiency
[serum creatinine level �1.5 mg/dL or
�132.6 µmol/L], clinically significant
liver disease, poorly controlled hyper-
tension, congestive heart failure, or
bleeding disorder). Individuals were
excluded if they had comorbid condi-
tions that might respond to NSAIDs (eg,
inflammatory arthritis). Individuals also
were excluded if within the prior 2
months they had regularly used anti-
inflammatory medications (aspirin at a
daily dose �325 mg was allowed), neu-
roleptics, antidepressants, sedatives,
anti-Parkinsonian medications, or any
investigational treatment for AD. Inclu-
sion criteria included age older than 50
years and Mini-Mental State Examina-
tion (MMSE)17 score within the range
of 13 to 26. Stable use of cholinester-
ase inhibitors was allowed.

Rofecoxib tablets, 25 mg, were over-
encapsulated to allow preparation of an
identical placebo capsule. Naproxen so-
dium tablets, 220 mg, and identical pla-

cebo tablets were supplied by Bayer
Consumer, Inc (Morristown, NJ). Each
participant received 2 bottles of study
medication with coded labels at base-
line and at the 3-, 6-, and 9-month vis-
its: 1 bottle containing rofecoxib or
identical placebo capsules, to be taken
once daily; and 1 bottle of naproxen or
identical placebo capsules, to be taken
twice daily.

The randomization process used a
permuted block design with block size
of 3 stratified by site. The randomiza-
tion sequence was generated by the
ADCS data center. Scratch-off code-
breakers were used so that instances of
unblinding would be documented; all
codebreakers were collected at the end
of the trial. Adequacy of masking was
assessed by questionnaires completed
by participants, caregivers, psychom-
etrists, and site investigators.

Safety assessments, including vital
signs, physical examination, urinaly-
sis, and hematology and chemistry
blood tests, were performed at each
visit. Cognitive and behavioral assess-
ments were performed at baseline and
at months 1, 3, 6, 9, 12, and 14.

Outcome Measures
The primary outcome measure for this
trial was the 1-year change score on the
Alzheimer Disease Assessment Scale-
Cognitive (ADAS-Cog) subscale,18 an
instrument that evaluates memory, at-
tention, reasoning, language, orienta-
tion, and praxis. We considered a sig-
nificant benefit in the active group to
be a 50% reduction in cognitive de-
cline as indicated by change in ADAS-
Cog score compared with the placebo
group. Data from a small pilot study3

have supported the hypothesis that an
effect of this magnitude might be seen,
and we considered that a smaller effect
might not justify the risk of long-term
NSAID therapy in the AD partici-
pants. Using longitudinal ADAS-Cog
data from an earlier multicenter trial,5

we estimated that 100 participants were
required in each treatment group
(naproxen, rofecoxib, and placebo) for
a power of 0.8. An overall drop-out rate
of 20% was anticipated. Since we ex-

EFFECTS OF ROFECOXIB OR NAPROXEN VS PLACEBO ON ALZHEIMER DISEASE

2820 JAMA, June 4, 2003—Vol 289, No. 21 (Reprinted) ©2003 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



pected more drop-outs from adverse
drug effects in the active drug groups,
fewer participants were randomly as-
signed to the placebo group (partici-
pants were randomly assigned using a
ratio of 1.2 [naproxen]:1.2 [rofecoxib]:
1.1 [placebo]).

Secondary outcome measures in-
cluded the Clinical Dementia Rating
sum-of-boxes (CDR-SOB),19 Alzhei-
mer’s Disease Cooperative Study ac-
tivities of daily living (ADCS-ADL)
scale,20 the Neuropsychiatric Inven-
tory (NPI),21 the Quality of Life-AD
(QOL-AD),22 and the time to attain-
ment of significant end points (4-
point decline from baseline ADAS-
Cog score, 1-step worsening on the
global CDR scale, 15-point decline on
the ADCS-ADL, institutionalization, or
death).

Statistical Analysis
The primary analysis was a compari-
son of the change in ADAS-Cog score
between the naproxen and rofecoxib
groups and the placebo group using
analysis of covariance (ANCOVA), with
the baseline ADAS-Cog score as a co-
variate. The statistical plan included as-
sessment of the treatment groups for
significant imbalance in age, sex, or apo-
lipoprotein E genotype that might in-
fluence outcome; if an imbalance was
present (P�.15) and the factor influ-
enced ADAS-Cog change scores
(P�.10), it would be included in the
ANCOVA model.

The primary analysis was con-
ducted on an intent-to-treat basis (ie,
including all randomized participants).
Because AD is a disease of progressive
cognitive deterioration, the protocol
specified an alternative imputation
scheme rather than last-observation-
carried-forward (LOCF) analysis.
(LOCF analysis would overestimate a
treatment effect if an excess of drop-
outs occurred in the active drug group
due to adverse effects.) To impute a par-
ticipant’s missing score at week 52, an
estimate of change in ADAS-Cog score
during the unobserved period based on
all individuals with complete data from
the participant’s treatment group was

applied to the participant’s last ob-
served score. A linear rate of progres-
sion was not assumed. We also con-
ducted secondary analyses of change in
ADAS-Cog scores using the LOCF im-
putation, and an analysis of compl-
eters only (ie, those who completed the
week 52 visit). In addition, we con-
ducted a longitudinal regression analy-
sis using the method of generalized es-
timating equations.23 For this analysis,
a pair-wise comparison of the naproxen
group vs the placebo group and the ro-
fecoxib group vs the placebo group, the
outcome was the ADAS-Cog score clus-
tered by the baseline, 3-, 6-, 9-, and 12-
month visits.

A planned secondary analysis of time
to reach clinically significant end points
was performed using a Cox propor-
tional hazards model. Intent-to-treat
analysis of secondary measures were
conducted using both the slope impu-
tation strategy described above and
LOCF for missing week 52 values. No
interim analysis was performed. Statis-
tical analyses were performed using SAS
version 8.2 (SAS Institute, Cary, NC).

RESULTS
The flow of participants through the
study protocol is shown in FIGURE 1.
From a total of 474 participants

screened, 351 met the study criteria and
were randomly assigned to 1 of the 3
treatment groups (rofecoxib, naproxen,
or placebo). Considering the likeli-
hood that more participants in the ac-
tive groups would drop out due to ad-
verse effects, more participants were
randomly assigned to rofecoxib
(n=122) and naproxen (n=118) than
to the placebo group (n=111).

The primary outcome measure
(change in ADAS-Cog score at week 52)
was obtained for study completers: 90
(76%) participants in the naproxen
group, 89 (73%) in the rofecoxib group,
and 88 (79%) in the placebo group. The
predominant reasons for early study dis-
continuation were caregiver issues (ro-
fecoxib, n=12; naproxen, n=11; and
placebo, n=10) and adverse events (ro-
fecoxib, n=14; naproxen, n=11; and
placebo, n=9).

The demographic and clinical char-
acteristics of the treatment groups at
baseline are shown in TABLE 1. No sig-
nificant differences were found be-
tween the groups on any of the demo-
graphic or baseline characteristics.
Eighty-seven participants (25%) were
using low-dose aspirin during the trial:
33 (27%) in the rofecoxib group, 30
(25%) in the naproxen group, and 24
(22%) in the placebo group. Aspirin use

Figure. Patient Flow

474 Individuals Screened

111 Assigned to Receive Placebo 118 Assigned to Receive Naproxen 122 Assigned to Receive Rofecoxib

23 Lost to Follow-up

11 Discontinued Intervention
(Adverse Events)

10 Caregiver Issues
9 Adverse Events
4 Other

28 Lost to Follow-up

10 Discontinued Intervention
(Adverse Events)

11 Caregiver Issues
11 Adverse Events
6 Other

33 Lost to Follow-up

11 Discontinued Intervention
(Adverse Events)

12 Caregiver Issues
14 Adverse Events
7 Other

123 Excluded

16 Other Reasons

97 Not Meeting Inclusion or
Exclusion Criteria

10 Refused to Participate

88 Completed Study 90 Completed Study 89 Completed Study

111 Included in Analysis 118 Included in Analysis 122 Included in Analysis

351 Randomized
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did not show a significant effect on
ADAS-Cog scores for all groups or for
the individual treatment groups.

Baseline characteristics were com-
pared between participants who dis-
continued early and those who com-
pleted the study. In the naproxen group,
participants who discontinued early had
lower mean (SD) MMSE scores (19.6
[3.3] vs 21.0 [3.6]; P=.04; using Wil-
coxon rank sum test) and higher mean
(SD) CDR-SOB scores (7.2 [3.4] vs 5.7
[2.7]; P= .03). No significant differ-
ences were found between the rofe-
coxib and placebo groups.

A total of 238 (68%) participants
were taking cholinesterase inhibitors at
the time of enrollment. Twenty-four
participants (rofecoxib group, n=8;
naproxen group, n=10; and placebo
group, n=6) started treatment with
cholinesterase inhibitors prior to the
month 12 visit. These participants were
included in the primary intent-to-
treat analyses. In a secondary analysis
of the main outcome measure exclud-
ing these 24 subjects, the results were
similar (data not shown).

Analysis of Outcomes
Primary Outcome Measure. The effect
of treatment on the primary and sec-
ondary measures in the intent-to-treat
analysis is shown in TABLE 2. None of

the planned covariates (age, sex, and
apolipoprotein E genotype) was in-
cluded in the analysis, because there
was neither imbalance nor association
with the outcome.

Neither active treatment had a ben-
eficial effect on the primary measure,
the change in mean ADAS-Cog scores;
the group treated with rofecoxib
showed a trend toward greater cogni-
tive decline compared with the other
groups. For the comparison of
naproxen with placebo, the SE of the
difference between change scores was
1.07 (95% confidence interval for the
difference in the change scores, −0.1+/−
2.14); therefore, it is highly unlikely that
naproxen treatment reduces the 1-year
decline in ADAS-Cog score by more
than 2.04/5.7, or 36%. For the com-
parison of rofecoxib with placebo, the
SE of the difference between change
scores was 1.03; a similar calculation
indicates it is highly unlikely that ro-
fecoxib reduces the decline in ADAS-
Cog score by more than 15%.

When LOCF imputation of the
change in ADAS-Cog score was substi-
tuted for the primary imputation
scheme, the result was similar to the pri-
mary analysis (mean [SD] ADAS-Cog
change in score in the placebo group,
4.9 [8.2]; rofecoxib group, 5.9 [7.7],
P=.52; and naproxen group, 5.0 [7.9],

P=.94). Analysis of participants tak-
ing study medication who completed
the 52-week visit yielded similar re-
sults, with no significant difference in
rate of decline for the mean (SD) ADAS-
Cog score (placebo, 5.3 [8.5], n=79;
rofecoxib, 6.8 [7.7], n = 78, P = .47;
naproxen, 5.3 [7.9], n=80, P=.9). Re-
gression analysis using the general-
ized estimating equations method dem-
onstrated no effect of rofecoxib (P=.77)
or naproxen (P=.64) on longitudinal
ADAS-Cog scores.

Secondary Outcome Measures. The
intent-to-treat analysis using the pri-
mary imputation scheme for missing
values revealed no significant differ-
ence in decline for the CDR-SOB scores
across all the groups (Table 2). Other
analyses, using LOCF imputation or as-
sessing completers only, showed simi-
lar results (data not shown). The ADCS-
ADL scores showed a trend toward a
beneficial effect with use of rofecoxib.
However, none of the secondary analy-
ses were adjusted for multiple com-
parisons because this was not speci-
fied in the original protocol. In the slope
imputation analysis, use of rofecoxib re-
duced the decline in ADCS-ADL score
by 22% (unadjusted P= .09); in the
LOCF analysis, use of rofecoxib re-
duced the decline in ADCS-ADL score
by 33% (unadjusted P = .04). In an
analysis of study completers only, ro-
fecoxib reduced the decline in ADCS-
ADL score by 27% (unadjusted P=.09).
Treatment with rofecoxib or naproxen
had no effect on the NPI or QOL-AD
scores.

The planned survival analysis con-
sidered the time interval from the
baseline visit to the first among 5
possible end points: death, institution-
alization, increase in global CDR
score, 15-point decline on the ADCS-
ADL scale, or 4-point decline on the
ADAS-Cog scale. A total of 242 sub-
jects (69%) reached at least 1 end
point (placebo group, n=78 [ 70%];
naproxen group, n = 83 [70%]; and
rofecoxib, n=81 [66%]). Rofecoxib
(P=.63) or naproxen (P=.50) vs pla-
cebo did not differ in time to first end
point. When time to individual end

Table 1. Participant Demographics and Assessment Scores at Baseline

Placebo
(n = 111)

Naproxen
(n = 118)

P
Value*

Rofecoxib
(n = 122)

P
Value*

Age, mean (SD), y 73.8 (8.0) 74.1 (7.8) .78 73.7 (7.2) .96

Sex, female, % 55.9 48.3 .31 54.9 .99

Education, mean (SD), y 14.3 (3.3) 13.8 (3.2) .37 13.8 (3.2) .24

Duration of disease, mean (SD), y 4.2 (3.3) 4.1 (2.3) .92 4.1 (2.3) .89

Users of cholinesterase inhibitors
at baseline, No. (%)

74 (67) 78 (66) .99 86 (70) .57

Participants starting cholinesterase
inhibitors during the study, No. (%)

6 (5) 10 (8) .44 8 (7) .79

Users of low-dose aspirin, No. (%) 24 (22) 30 (25) .54 33 (27) .36

Apolipoprotein E, No. (%) with �1 E4 allele 67.6 70.4 .68 68.1 .95

MMSE score, mean (SD)† 20.8 (3.6) 20.7 (3.6) .81 21.2 (3.8) .87

ADAS-Cog score, mean (SD)† 24.2 (9.4) 24.4 (10.2) .92 23.4 (9.4) .45

CDR sum-of-boxes score, mean (SD)† 5.5 (2.5) 6.0 (2.9) .26 5.6 (2.5) .82
Abbreviations: ADAS-Cog, Alzheimer Disease Assessment Scale-Cognitive subscale; CDR, Clinical Dementia Rating;

MMSE, Mini-Mental State Examination.
*P values for comparison with placebo, using the Wilcoxon test for continuous variables and the Fisher exact test for

frequencies.
†The range of scores for MMSE is 0 to 30 points; for ADAS-Cog, 0 to 70 points; and CDR sum-of-boxes, 0 to 18

points.

EFFECTS OF ROFECOXIB OR NAPROXEN VS PLACEBO ON ALZHEIMER DISEASE

2822 JAMA, June 4, 2003—Vol 289, No. 21 (Reprinted) ©2003 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



points was examined, the only signifi-
cant difference was between the rofe-
coxib and placebo groups for time to
institutionalization, favoring the rofe-
coxib group (P=.03) (data not shown).
However, this analysis was based on a
small number of events (7 in the pla-
cebogroupand1intherofecoxibgroup),
and thePvaluewasnotadjusted formul-
tiple comparisons.

Adverse Events
Treatment emergent adverse events
were grouped into categories for analy-
sis. Naproxen and rofecoxib groups had
more frequent adverse event reports
(P�.10) (TABLE 3). Dizziness and fa-
tigue were more common in the active
drug groups than in the placebo group,
and dry mouth was more common in
the naproxen group than the placebo
group. New cases of hypertension were
reported as adverse events in the ac-
tive drug groups, but none were re-
ported in the placebo group (naproxen
[n=6] vs placebo [n=0], P=.03 and ro-
fecoxib [n=9] vs placebo, P=.004).

In addition to adverse events re-
ported on case report forms, study
participants were asked about a list of
symptoms that might arise with
NSAID treatment. When the propor-
tion of each treatment group reporting
new symptoms (not present at base-
line) was compared, the difference was
significant compared with placebo for
dry mouth (10% for naproxen vs 2%
for placebo; P=.01) and muscle pain
(13% for rofecoxib vs 4% for placebo;
P=.03). The percentage of participants

with new reports of any gastrointesti-
nal tract symptom did not differ
among the treatment groups (37% for
naproxen, 31% for rofecoxib, and 30%
for placebo).

Despite the cases of hypertension
noted above, mean blood pressure did
not differ significantly by treatment
group. The effects of treatment group on
mean (SD) change were minimal for he-
matocrit (placebo [n=87]:−0.3%[2.2];
naproxen [n=88]:−1.0% [2.2] vs pla-
cebo, P=.01; and rofecoxib [n=87]:
−1.2% [2.2] vs placebo; P=.05) and for
serum creatinine (0.02 [0.13] mg/dL or
1.8 [11.5] µmol/L, n=88; naproxen
[n=87]: 0.02 [0.13] mg/dL or 1.8 [11.5]
µmol/L, vs placebo, P=.90; and rofe-
coxib [n=84]: 0.08 [0.16] mg/dL or 7.1
[14.1] µmol/L vs placebo, P=.01).

The total number of serious adverse
events in each treatment group, along
with number of events within specific
categories, did not differ significantly
(TABLE 4).

Success of Blinding
The randomization code was broken in
1 instance, based on clinical need for

the management of an acute medical
problem. Study personnel involved in
administering assessment tools were
shielded from group assignment data
in this instance.

The results of questionnaires admin-
istered at the month 12 visit indicated
that the percentage of participants who
believed they were taking active study
medication also did not differ signifi-
cantly across the treatment groups (ro-
fecoxib group, 70%; naproxen group,
74%; and placebo group, 73%; P=.82,
Fisher exact test), indicating that blind-
ing was adequately maintained.

At the 12-month visit, the percent-
age of informants who believed that par-
ticipants were taking active study medi-
cation also did not differ across the
participants’ treatment group (52% for
rofecoxib group, 51% for naproxen
group, and 59% for placebo group;
P=.10, Fisher exact test). The differ-
ences also were not significant for study
coordinators (54% for rofecoxib group,
50% for naproxen group, and 43% for
placebo group; P=.52, Fisher exact test)
and study physicians (56% for rofe-
coxib group, 40% for naproxen group,

Table 3. Adverse Events Reported More Frequently by Participants in the Active Treatment
Groups

Placebo, No. (%) Naproxen, No. (%) P Value* Rofecoxib, No. (%) P Value†

Fatigue 7 (6) 17 (14) .06 18 (15) .05

Dizziness 5 (5) 14 (12) .06 14 (11) .06

Dry mouth 1 (1) 6 (5) .06 1 (1) �.99

Hypertension 0 6 (5) .03 9 (7) .004

*For comparison of naproxen vs placebo.
†For comparison of rofecoxib vs placebo.

Table 2. One-Year Change in Assessment Scores in the Intent-to-Treat Analysis*

Placebo (n = 111), Mean (SD) Naproxen (n = 118), Mean (SD)
P

Value†

Rofecoxib (n = 122), Mean (SD)
P

Value†Baseline 1 Year Change Baseline 1 Year Change Baseline 1 Year Change

ADAS-Cog 24.2 (9.6) 29.9 (13.7) −5.7 (8.2) 24.4 (10.2) 30.2 (13.9) −5.8 (8.0) .96 23.4 (9.4) 31.0 (13.2) −7.6 (7.7) .09‡

CDR-SOB 5.5 (2.5) 7.7 (3.9) −2.2 (2.3) 6.0 (2.9) 8.3 (4.0) −2.3 (2.3) .89 5.6 (2.5) 7.8 (3.5) −2.2 (2.4) .89

ADCS-ADL 62.8 (11.4) 51.3 (16.3) −11.5 (11.2) 60.0 (13.1) 51.3 (16.3) −8.7 (10.5) .14 62.2 (11.4) 53.9 (14.4) −8.3 (9.7) .08

NPI 8.7 (10.6) 12.2 (12.8) −3.4 (11.9) 9.4 (9.6) 13.1 (14.4) −3.7 (12.5) .76 9.2 (9.6) 13.1 (14.2) −3.8 (10.9) .76

QOL-AD 36.7 (5.8) 34.3 (6.0) −2.4 (5.1) 37.0 (5.9) 34.5 (6.2) −2.6 (5.5) .93 36.7 (5.9) 33.8 (6.2) −2.9 (5.6) .85
Abbreviations: ADAS-Cog, Alzheimer Disease Assessment Scale-Cognitive subscale; ADCS-ADL: Alzheimer Disease Cooperative Study-Activities of Daily Living; CDR-SOB, Clini-

cal Dementia Rating sum-of-boxes; NPI, Neuropsychiatric Inventory; QOL-AD, Quality of Life, Alzheimer Disease.
*For each scale, negative change scores indicate deterioration and positive change scores represent improvement. The range of points for ADAS-Cog is 0 to 70; CDR-SOB is 0

to18; ADCS-ADL is 0 to 78; NPI is 0 to144; and QOL-AD is 13 to 52.
†P values for comparison with placebo.
‡Holm adjustment applied to the P value for the ADAS-Cog. The purpose of the Holm adjustment is to account for planned multiple comparisons in the primary end point analysis,

thus ensuring an overall type 1 error �.05; if either comparison yields P�.05, the smaller P value is doubled. The unadjusted P value was .044 for the rofecoxib-placebo com-
parison for ADAS-Cog.
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and 40% for placebo group; P= .19,
Fisher exact test).

COMMENT
This is the first large-scale trial, to our
knowledge, to determine the efficacy of
both nonselective and COX-2 selective
NSAIDs in the treatment of AD. The re-
sult of the primary intent-to-treat analy-
sis of this trial showed that neither
naproxen nor rofecoxib slowed the rate
of cognitive decline in comparison with
placebo in participants with mild-to-
moderate AD. Similar results were ob-
tained when an LOCF analysis was sub-
stituted for the primary slope method of
imputing missing 12-month data and
when the data were analyzed using the
generalized estimating equations
method. The results of an analysis of
study completers (those who were able
to complete the trial while still taking
study medication) also revealed no ben-
eficial treatment effect of the active study
drugs in comparison with placebo. In-
stead, the rofecoxib group showed a
trend toward greater cognitive decline
compared with placebo.

In the naproxen group, baseline
MMSE and CDR-SOB scores differed
between individuals who discontin-
ued study participation early and those
who completed the study. This differ-
ence raises the possibility that impu-
tation of the data missing from non-
completers may have influenced the
outcome of the primary analysis. How-
ever, the nonsignificant finding of the
primary analysis is in agreement with
the nonsignificant findings of the LOCF
analysis, the completers analysis, the
generalized estimating equations re-
gression analysis, and the clinical end

points survival analysis, which strongly
support its validity.

Secondary analyses of the effect of
treatment on a global measure of cog-
nitive decline, behavior, ADL, and qual-
ity of life showed no consistent advan-
tage of either treatment over placebo.
Rofecoxib delayed the time to institu-
tionalization, but this result was based
on a small number of end points. Ad-
justment for multiple comparisons
would have made this comparison non-
significant.

In some analyses, there was a trend
toward smaller decline in ADL with ac-
tive treatment, particularly with rofe-
coxib. The trend toward greater cogni-
tive decline with rofecoxib treatment
suggests that the trend toward protec-
tion against decline in ADL may be re-
lated to an analgesic effect rather than
an effect on AD.

Both active treatments were reason-
ably well tolerated, although partici-
pants who dropped out due to adverse
events were more commonly from the
active drug groups than from the pla-
cebo group. Surprisingly, the gastroin-
testinal tract symptoms were similar in
the 3 groups. The small number of se-
rious gastrointestinal tract events (pri-
marily bleeding) in the active drug
groups was consistent with expected
risks. The occurrence of adverse events
likely was reduced by excluding indi-
viduals at high risk of NSAID toxicity.

Two important issues must be raised
when interpreting the lack of active
treatment effect. The first issue con-
cerns selection of drug, dose, and du-
ration of treatment. Naproxen was se-
lected because the epidemiological
evidence supports the efficacy of non-

selective COX inhibitors, and naproxen
has a long half-life (allowing for twice-
daily dosing) and is relatively well tol-
erated. The naproxen dose was low be-
cause of concern that full-dose therapy
with a nonselective COX inhibitor
would be associated with more seri-
ous adverse events and a high drop-
out rate compared with placebo. The
nonsignificant results with naproxen
could be explained by an insufficient
dose; alternatively, other drugs in this
same class, such as ibuprofen, may have
greater activity in AD mediated by an
effect on processing of the amyloid pre-
cursor protein.24 Rofecoxib, 1 of 2 avail-
able selective COX-2 inhibitors at the
time this study was initiated, was ad-
ministered at a standard, full anti-
inflammatory dose. It is possible that
a higher dose is necessary to influence
neuronal survival; a high dose of cele-
coxib, above the standard anti-
inflammatory dose, is required to in-
fluence neoplastic transformation in the
gastrointestinal tract.25 It is also pos-
sible that a period of exposure to anti-
inflammatory treatment greater than the
1 year of treatment in this trial is nec-
essary to slow the disease process. Some
epidemiological studies of AD preven-
tion suggest that at least 2 years of ex-
posure is necessary to optimally re-
duce risk of AD.26,27

The second issue concerns the se-
lection of participants. The most com-
pelling epidemiological evidence sug-
gests that long-term exposure to
NSAIDs reduces risk of subsequent AD;
on the other hand, some studies sug-
gest a stabilizing effect of NSAID
therapy in patients with clinically evi-
dent disease,3,28 supporting the design
of the current trial. While COX-2 and
other inflammatory mediators are el-
evated in mild-to-moderate AD brain,1

it is nonetheless possible that when the
disease is clinically apparent, the neu-
ropathology is too advanced to be sig-
nificantly attenuated by NSAID therapy.
The results of this trial do not address
the efficacy of NSAIDs in the preven-
tion of AD. A primary prevention trial,
in which elderly persons without de-
mentia are randomly assigned to treat-

Table 4. Number of Serious Adverse Events

Placebo Naproxen Rofecoxib

Total serious events 15 25 26

Deaths 1 1 2

Gastrointestinal tract event* 1 2 4

Stroke/transient ischemic attack 1 3 3

Subdural hematoma 0 2 1

Myocardial infarction 1 0 3

*Serious gastrointestinal tract events included 6 cases of gastrointestinal tract bleeding and 1 case of perforated small
intestine (the latter occurred in the naproxen group).
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ment with an NSAID or placebo, is nec-
essary to test the utility of long-term
NSAID therapy in AD risk reduction.
Such a trial is now under way.29

The results of the current study do
not support the hypothesis that rofe-
coxib or naproxen can slow the pro-
gression of AD. Considering the risk of
serious toxicity, such treatment should
not be recommended. In view of evi-
dence from cell culture and animal
studies suggesting reduction of �-amy-
loid generation with other NSAIDs,
such as ibuprofen (but not naproxen or
selective COX-2 inhibitors),24 addi-
tional treatment trials using other
NSAIDs may be warranted. Recommen-
dations regarding risk reduction with
long-term NSAID therapy must await
the results of a primary prevention trial.
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The human understanding is no dry light, but re-
ceives infusion from the will and affections; whence
proceed sciences which may be called “sciences as one
would.” For what a man had rather were true he more
readily believes. Therefore he rejects difficult things
from impatience of research; sober things, because they
narrow hope; the deeper things of nature, from su-
perstition; the light of experience, from arrogance and
pride; things not commonly believed, out of defer-
ence to the opinion of the vulgar. Numberless in short
are the ways, and sometimes imperceptible, in which
the affections color and infect the understanding.

—Francis Bacon (1561-1626)
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