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LEADING THEORIES ON THE PATHO-
physiology of Alzheimer disease
(AD) implicateoverproductionof
amyloid-� (A�), particularly 42

amino acid peptide A�42.1-3 Com-
pounds modulating �-secretase en-
zyme cleaving �-amyloid precursor pro-
tein (APP) to release various forms of A�
are candidates for treatment of AD. One
such compound is tarenflurbil (for-
merly R-flurbiprofen), a selective A�42-
lowering agent that has been shown
in vitro and in vivo to modulate �-
secretase activity and reduce A�42 pro-
duction in favor of shorter less toxic
forms of A� (eg, A�38 and A�37).4,5 In
mouse models of AD, tarenflurbil pre-
vents learning and memory deficits and
reduces A�42 brain concentrations.4,6

A phase 2 trial of tarenflurbil sug-
gested that patients with mild AD and
moderate AD responded differently to
treatment, that patients with mild AD
had a dose-related slower rate of de-
cline than those treated with placebo,

and that the drug was well tolerated
with few adverse effects.7 On the basis
of these results, a large phase 3, ran-
domized, placebo-controlled trial of
tarenflurbil was conducted in patients
with mild AD.

METHODS
Study Design

A randomized, double-blind, 2-group
parallel study was conducted to com-

pare tarenflurbil with placebo for 18
months involving 133 participating trial
sites. Written informed consent was ob-
tained from participants, their legally
authorized representatives, or both. The
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Context Amyloid-� peptide (A�42) has been implicated in the pathogenesis of Alz-
heimer disease (AD). Tarenflurbil, a selective A�42-lowering agent, demonstrated en-
couraging results on cognitive and functional outcomes among mildly affected pa-
tients in an earlier phase 2 trial.

Objective To determine the efficacy, safety, and tolerability of tarenflurbil.

Design, Setting, and Patients A multicenter, randomized, double-blind, placebo-
controlled trial enrolling patients with mild AD was conducted at 133 trial sites in the
United States between February 21, 2005, and April 30, 2008. Concomitant treat-
ment with cholinesterase inhibitors or memantine was permitted.

Intervention Tarenflurbil, 800 mg, or placebo, administered twice a day.

Main Outcome Measures Co-primary efficacy end points were the change from
baseline to month 18 in total score on the subscale of the Alzheimer Disease Assess-
ment Scale−Cognitive Subscale (ADAS-Cog, 80-point version) and Alzheimer Disease
Cooperative Studies–activities of daily living (ADCS-ADL) scale. Additional prespeci-
fied slope analyses explored the possibility of disease modification.

Results Of the 1684 participants randomized, 1649 were included in the analysis, and
1046completed the trial. Tarenflurbil hadnobeneficial effecton theco-primaryoutcomes
(difference in change frombaseline tomonth18vsplacebo,basedon least squaresmeans:
0.1 for ADAS-Cog; 95% CI, −0.9 to 1.1; P=.86 and −0.5 for ADCS-ADL; 95% CI, −1.9
to 0.9; P=.48) using an intent-to-treat analysis. No significant differences occurred in the
secondary outcomes. The ADAS-Cog score decreased by 7.1 points over 18 months. The
tarenflurbil group had a small increase in frequency of dizziness, anemia, and infections.

Conclusion Tarenflurbil did not slow cognitive decline or the loss of activities of daily
living in patients with mild AD.

Trial Registration clinicaltrials.gov Identifier: NCT00105547
JAMA. 2009;302(23):2557-2564 www.jama.com
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institutional review board of partici-
pating institutions approved the study.

Patients were predominantly re-
cruited from dementia clinics and were
enrolled from February 21, 2005,
through April 30, 2008. Initial enroll-
ment criteria included community-
dwelling patients with mild to moder-
ate AD severity (Mini-Mental State
Examination [MMSE] scores of 15-26,
inclusive). Patients were assigned to
treatment with tarenflurbil at doses of
either 400 mg or 800 mg twice a day. Af-
ter analysis of phase 2 data indicated that
patients with mild AD appeared to have
a more robust response to 800 mg of the
tarenflurbil twice daily7 and after discus-
sion with the US Food and Drug Admin-
istration, the enrollment criteria were
changed on May 27, 2005, to enroll only
patients with mild AD (MMSE score of
20-26, inclusive) with treatment modi-
fied by ending the 400-mg group: 42 pa-
tients with mild AD were switched to the
800-mg group and 32 patients with mod-
erate AD were discontinued from the
trial; thus, the revised analysis plan ex-
cluded those with moderate AD.

The remainder of the inclusion and
exclusion criteria remained un-
changed throughout the trial: 55 years
or older and living in the community,
meeting criteria for dementia by the
Diagnostic and Statistical Manual of
Mental Disorders (Fourth Edition)
(DSM-IV), and having probable AD by
National Institute of Neurological and
Communicative Disorders and Stroke–
Alzheimer’s Disease and Related Dis-
orders Association criteria.8 Addi-
tional inclusion criteria at screening
included no clinically significant focal
intracranial pathology as assessed by CT
or MRI within the previous 12 months,
a modified Hachinski ischemic score9

of less than 4, at least 6 years of edu-
cation or sufficient work history to ex-
clude mental retardation, adequate vi-
sion and hearing to participate in study
assessments, and a reliable caregiver
who saw the patient at least 4 days a
week and could accompany the pa-
tient to each clinic visit.

Participants taking an acetylcholin-
esterase inhibitor were enrolled pro-

vided they had been taking that spe-
cific medication for at least 6 months
before taking the study drug. Partici-
pants taking memantine were en-
rolled if they had been taking stable
doses for at least 3 months before tak-
ing the study drug. Randomization was
stratified by use or nonuse of cholin-
esterase inhibitors and memantine. Par-
ticipants taking antidepressant, anti-
psychotic, or anxiolytic drugs, vitamin
E, or Ginkgo biloba were eligible, pro-
vided that the dose was stable for at least
3 months prior to randomization.
Chronic aspirin use for cardioprotec-
tive therapy was allowed.

Participantswereexcluded if theyhad
evidence of epilepsy; focal brain lesion;
head injury with loss of consciousness
or confusion after the injury; DSM-
IV-TR (Text Revision) criteria for any
major psychiatric disorder including
psychosis, major depression, bipolar
disorder, or alcohol or substance abuse;
history of upper gastrointestinal tract
bleeding requiring surgery, transfu-
sion, or both within 3 years or docu-
mented evidence of active gastric or
duodenal ulcer disease within 3 months;
history or evidence of active malig-
nancy, except for prostate cancer, basal
cell carcinoma, or squamous cell car-
cinoma of the skin within 24 months
of entry; a chronic or acute renal,
hepatic, or metabolic disorder; any use
of AD immunotherapy or recent use of
any investigational therapyormajor sur-
gery; an uncontrolled cardiac condi-
tion (New York Heart Association class
III or IV); anticoagulant therapy such
as warfarin within 12 weeks of enroll-
ment; use of any CYP2C9 enzyme
inhibitor or the CYP2C9 enzyme sub-
strates losartan, phenytoin, tamoxi-
fen, torsemide, and fluvastatin within
2 weeks of enrollment; recent history
of chronic use of nonsteroidal anti-
inflammatory drugs (NSAIDs) at any
dose or aspirin greater than 325 mg/d;
or history of hypersensitivity to any
NSAIDs including cyclooxygenase 2
(COX-2)–specific inhibitors. Race was
determined by self-report and was
assessed to evaluate possible drug effect
modification.

Eligible participants were random-
ized by a central randomization schema
generated by the sponsor. The random-
ization tables were maintained in a
locked file room of the head of the Qual-
ity Assurance department. The clini-
cal system was used to assign blinded
drug treatment kits. Both dosages
of tarenflurbil were administered as 2
tablets twice a day: a single tarenflur-
bil tablet for the 400-mg and 2 taren-
flurbil tablets for the 800-mg groups,
then after the protocol amendment only
at doses of 800 mg twice daily. Partici-
pants in the placebo group took 2 tab-
lets identical to the tarenflurbil tablets
twice a day to ensure blinding. Partici-
pants were not asked to guess their ran-
domization group.

Adverseeventmonitoring,physicalex-
aminationsincludingvitalsignsmeasure-
ment, standard resting 12-lead electro-
cardiograms,andbloodandurinesample
collection for clinical laboratory analy-
sisanddeterminationofplasmatarenflur-
bil concentration were performed at the
screening visit and at months 1, 3, 6, 9,
12, 15, and 18. Additional adverse event
monitoringwasperformedvia telephone
withcaregiversatweek2andeverymonth
betweenscheduledvisits.Allparticipants
were assessed 30 days after the last dose
ofstudymedication.Acentral laboratory
was used throughout the study.

Outcome Measures
and Power Estimates

Co-primary efficacy outcomes were
cognition as assessed by the Alzhei-
mer Disease Assessment Scale–
Cognitive Subscale (ADAS-Cog, 80-
point version)10 and functional ability
as assessed by the Alzheimer Disease
Cooperative Study activities of daily liv-
ing (ADCS-ADL, 78-point scale).11 A
key secondary outcome measure as-
sessed global function with the Clini-
cal Dementia Rating (CDR) sum of
boxes (CDR-sb, 18-point scale).12 Ad-
ditional secondary outcomes included
the MMSE (30-point scale),13 Neuro-
psychiatric Inventory (144-point
scale),14 quality of life scale (QOL-AD,
13-52 points),15 Caregiver Burden In-
ventory (96-point scale),16 and 70-
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point version of ADAS-Cog. Blood
samples were collected and stored for
population pharmacokinetic analysis
and for apolipoprotein E (APOE) geno-
type testing.

The power estimates were based on
the joint power for detecting a differ-
ence between treatment groups in the
changes from baseline to month 18 on
the ADAS-Cog and the ADCS-ADL
scales. Statistical power for each end
point was calculated separately assum-
ing an effect size of 20%, ie, treatment
difference divided by standard devia-
tion, using a 2-sided test and a 5% sig-
nificance level. Assuming SD of changes
from baseline to month 18 is approxi-
mately 10.0 for ADAS-Cog and 13.0 for
ADCS-ADL, with 800 patients per
group, the study would have had at least
98% power to detect a treatment dif-
ference in the changes from baseline to
month 18 of 2.0 points for ADAS-Cog
and 2.6 points for ADCS-ADL. No ad-
justment for dropouts was made in this
calculation because the co-primary
analyses use the z score last-observa-
tion-carried-forward imputation algo-
rithm. Because the co-primary end
points were expected to be correlated,
the joint power would have been in ex-
cess of 0.96 (0.982) for detecting treat-
ment differences.

Statistical Analysis

The primary analysis was performed on
changes from baseline to month 18 in
total score for ADAS-Cog and ADCS-
ADL. Slopes of total scores for both
scales were evaluated as a secondary
outcome. The key secondary efficacy
end point was change from baseline to
month 18 CDR-sb score, and slopes
were also evaluated. Other secondary
efficacy end points were changes from
baseline to month 18 for MMSE, Neu-
ropsychiatric Inventory, QOL-AD, and
Caregiver Burden Inventory. Safety end
points included incidence of adverse
events, clinical laboratory tests, vital
signs, electrocardiogram, and physi-
cal examination.

All efficacy analyses were performed
using the intent-to-treat population,
which in this instanceconsistedof all par-

ticipantswhowere randomized,hadmild
AD at screening, and received at least 1
dose of study medication. Participants
initially randomized to the 400-mg group
were pooled with the 800-mg group.
A z score last-observation-carried-
forward method was used to impute
missing data for the main change-from-
baseline analysis of each efficacy end
point. A missing value was replaced with
a value that was the same number of SDs
from the treatment group mean at that
time point as that participant’s last ob-
served value [z score=(observed value
− treatment group mean) / treatment
group SD]. This imputation method ac-
counts for AD being a progressive dis-
ease and for data that may not be miss-
ing at random (ie, patients who progress
more quickly may be more likely to with-
draw). No imputation was used for com-
parison of slopes. A per-protocol analy-
sis that included only those participants
whocompleteddouble-blind therapyand
who had no major protocol violations
was also performed for the co-primary
and key secondary end points. Partici-
pants with moderate AD were not in-
cluded in any of these analyses.

Change-from-baseline analyses were
conducted using an analysis of covari-
ance model with treatment group, clini-
cal site, and current use of acetylcho-
linesterase inhibitor, memantine, or
both as fixed effects with the baseline
score as the covariate. The slopes analy-
ses were conducted using a repeated
measures linear mixed model, with ran-
dom intercepts and slopes, baseline
score and time as covariates, factors for
treatment group, clinical site, and cur-
rent use of acetylcholinesterase inhibi-
tor, memantine, or both, and a term for
treatment group � time interaction.
Time was treated as a continuous vari-
able. Because both co-primary change-
from-baseline analyses had to be sta-
tistically significant at the .05 level to
meet study objectives, no adjustment
for multiple comparisons was made for
co-primary analyses.

A gatekeeper approach was used to
control for multiple comparisons for the
slopes analyses of the ADAS-Cog and
ADCS-ADL and for the change-from-

baseline and slopes analyses for the
CDR-sb. After performing the primary
analysis, treatment comparisons were
planned in this order: (1) slopes for the
ADAS-Cog; (2) slopes for the ADCS-
ADL; (3) change from baseline to month
18 in the CDR-sb; (4) slopes for the
CDR-sb. Each comparison could only be
considered statistically significant if it,
and all preceding analyses, were statis-
tically significant at the .05 level. No
multiple comparison adjustments were
used for other efficacy end points.

Additional efficacy analyses in-
cluded categorization of participants who
improved from baseline at each visit for
ADAS-Cog, ADCS-ADL, and CDR-sb.
For ADAS-Cog, these criteria had to be
met on 2 consecutive visits to qualify as
an improver. Blood samples were col-
lected for the measurement of tarenflur-
bil and S-flurbiprofen. A population
pharmacokinetic (PK) model was devel-
opedusing theplasmaconcentrationdata
collected and the tarenflurbil PK para-
meters area under the curve (AUC(0-12 h))
and Cmax (maximum plasma drug con-
centration) for each participant were es-
timated and used to explore potential re-
lationships between tarenflurbil plasma
concentrations and the primary effi-
cacy outcomes using a mixed model.

Safety analyses were conducted using
all participants, including those with
mild or moderate AD, who received at
least 1 dose of the study drug (safety
population). The Pearson �2 test was
used for all treatment comparisons based
on categorical variables (eg, demo-
graphic and baseline characteristics; pro-
portions of improvers). Analysis of vari-
ance or analysis of covariance was used
to compare treatment groups for con-
tinuous variables. Statistical analyses
used SAS software version 9.1.3 (SAS In-
stitute Inc, Cary, North Carolina).
P� .05 was considered significant.

RESULTS
Study Participants and Follow-up

Of 2408 patients screened, 724 were ex-
cluded (FIGURE 1). Demographic char-
acteristics of patients enrolled (51.3%
women; mean age, 74.7 years) were
similar to those excluded.
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The modified intention-to-treat
population comprised 809 patients in
the placebo group and 840 in the treat-
ment group. Baseline characteristics
were well balanced between the 2
groups (TABLE 1).

During the 18-month trial, 269 pa-
tients (33%) discontinued from the pla-
cebo group and 334 patients (40%) dis-
continued from the tarenflurbil group
(P=.006). The 75th percentile of the fol-
low-up distribution was 12.1 months for
the placebo group and 10.0 months for
the tarenflurbil group. In the tarenflur-
bil group, patients’ mean percentage of
pills taken relative to those that were sup-
posed to be taken was 92.7% and 92.9%
for placebo. Only 11.2% taking taren-
flurbil and11.4%takingplacebo took less
than 80% of their dosages.

Virtually all patients (99.1%) took at
least1concomitantmedicationduringthe

study (mean number of medications,
12.8). The most frequent concomitant
medicationswerepsychoanalepticagents
(86.6%),vitamins (62.6%), serumlipid-
reducingagents(55.3%),antithrombotic
agents(51.0%),antibacterials(34.1%),an-
algesics (32.7%), mineral supplements
(31.6%), agents acting on the renin-
angiotensinsystem(31.1%),psycholep-
tics (26.7%), drugs for acid-related dis-
orders(25.9%),�-blockers(22.5%),and
urologic agents (20.1%). Types and fre-
quenciesofconcomitantmedicationswere
notsignificantlydifferentbetweengroups.

Primary Outcomes Analysis

Resultsoftheprimaryoutcomeareshown
in TABLE 2 and FIGURE 2. (The number
of participants shown differs because
Table 2 excludes those with missing
baseline values.) Based on least squares
means, the tarenflurbil and placebo

groups did not differ in change from
baseline to month 18. The mean treat-
mentdifference for theADAS-Cogscore
was 0.1 (95% confidence interval [CI],
−0.9 to 1.1; P=.86) and −0.5 for ADCS-
ADL score (95% CI, −1.9 to 0.9; P=.48).
Similarly, the change from baseline did
not differ in months 3 through 15. The
slopes did not differ for either of the pri-
mary outcomes. Results did not differ
in the observed case or per-protocol
analyses (eTable 1, available at http//:
www.jama.com).

Secondary Outcomes Analysis

Results of secondary outcome mea-
sures are also shown in Table 2 and
Figure 2. Change from baseline dif-
fered only for the CDR-sb, which fa-
vored placebo at months 9 (P=.04) and
18 (P=.004). The slopes for CDR-sb, but
not the 70-point ADAS-Cog scale or the
Neuropsychiatric Inventory, signifi-
cantly favored placebo (P=.046).

Additionalprespecifiedchange-from-
baselineanalyseswithinthefollowingsub-
groups did not show any significant dif-
ferences:concomitanttreatment,sex,age
(2analyses,splitat65yearsandat75years,
respectively).Thepercentagesof improv-
ers did not differ at any visit for the co-
primary end points (eTable 2, available
at http://www.jama.com).

PlasmaconcentrationsofS-flurbiprofen
were determined from blood samples.
Of 858 patients receiving tarenflurbil
withPKmeasurements,417(48.6%)had
at least 1 sample with a measurable
concentrationofS-flurbiprofen.Theme-
dianconcentrationofS-flurbiprofenwas
0.67µm/Lwitharangeof0.5-9.21µm/L.
A 1-compartment population PK model
wasdevelopedusing theplasmaconcen-
trationdataandthe tarenflurbilPKpara-
metersAUC(0-12) andCmax foreachpatient
were estimated. A correlational analysis
exploring the relationship between pri-
maryoutcomemeasuresandestimatesof
tarenflurbilexposure(AUC(0-12) andCmax)
derived frompopulationPKanalysisdid
not reveal any significant association.
Usingtheindividualparametermeasure-
ments, themeanAUC(0-12) andCmax were
calculated to be 669.39-hour �µg/mL
(90%CI,655.85-682.93)and68.59µg/mL

Figure 1. Participant Flow Chart

809 Included in primary efficacy
analysis

13 Excluded

821 Included in safety analysis
13 Excluded (did not

receive treatment)

1 Did not receive treatment
12 Had moderate AD

860 Included in safety analysis
2 Excluded (did not

receive treatment)

840 Included in primary efficacy
analysis

22 Excluded
2 Did not receive treatment

20 Had moderate AD

724 Excluded
584 Did not meet the eligibility criteria

300 Did not meet MMSE criteria
72 Had abnormalities in lab results
58 Were taking concomitant medication

154 Other (each <10% of total)
94 Declined participation
46 Declined for other reasons

822 Randomized to receive placebo
1 Did not receive treatment

820 Randomized to receive 800 mg
of tarenfurbil
2 Did not receive treatment

42 Randomized to receive 
400 mg of tarenfurbila

281 Discontinued the study
12 Had moderate AD

116 Withdrew consent
77 Had adverse events
76 Cited other reasons

342 Discontinued the study
8 Had moderate AD

134 Withdrew consent
141 Had adverse events
59 Cited other reasons

12 Discontinued the study
(moderate AD)b

540 Completed the study 506 Completed the study

1684 Randomized

2408 Individuals assessed for eligibility

aPatients originally assigned to receive twice daily 400 mg of tarenflurbil were incorporated into the twice
daily 800-mg group.
bExcluded from the main efficacy analyses using the intent-to-treat population but were included in the safety
analyses. Rates of adverse events leading to study discontinuation are based on the intent-to-treat popula-
tion. The numbers differ from those in the text, which are based on the safety population.

EFFECT OF TARENFLURBIL AND MILD ALZHEIMER DISEASE

2560 JAMA, December 16, 2009—Vol 302, No. 23 (Reprinted) ©2009 American Medical Association. All rights reserved.

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



(90% CI, 67.48-69.69), respectively,
which were similar to those observed in
the previous study of tarenflurbil.7 Post
hocsubgroupanalyses includedseverity
of disease using median split on each
outcomeinseparateanalyses,whetheror
notpatientshad1or2copiesof theAPOE
ε4 allele, body mass index (split �26 vs
�26), and genotypic variants in the cy-
tochrome P450 2C9 (CYP2C9) enzyme
whichis largelyresponsible for tarenflur-
bilmetabolism.17 Noneof theseanalyses
suggestedasubpopulationwhereintaren-
flurbil demonstrated efficacy.

Adverse Events

Rates of adverse events are listed in
TABLE 3. Overall, 87.2% of partici-
pants in the tarenflurbil group and
85.0% of participants in the placebo
group experienced at least 1 adverse

event (P=.19). More participants tak-
ing tarenflurbil than those taking pla-
cebo experienced dizziness (P=.03),
upper respiratory tract infection
(P=.25), and constipation (P=.18).

Participants receiving tarenflurbil also
experienced the following adverse events
more frequently than those taking pla-
cebo: all anemias, 70 (8.1%) vs 31 (3.8%;
P� .001); pneumonia, 26 (3.0%) vs 14
(1.7%; P=.08); herpes zoster, 17 (2.0%)
vs 6 (0.7%; P=.03); gastrointestinal ul-
cers, 12 (1.4%) vs 3 (0.4%; P=.02); and
eosinophilia, 10 (1.2%) vs 3 (0.4%;
P=.06). Seven participants (0.8%) in the
tarenflurbil group vs 19 (2.3%) in the
placebo group experienced a stroke or
transient ischemic attack (P=.01). One
hundred fifty-eight participants in the
tarenflurbil group discontinued be-
cause of an adverse event vs 95 in the

placebo group (P� .001). Of the 42
deaths during the study, 24 occurred in
the tarenflurbil group and 18 in the pla-
cebo group (P=.43).

Mean eosinophil count in the taren-
flurbil group increased 33% from base-
line to month 1 with a subsequent slow
decline to baseline levels by month 15
and were unaccompanied by any clini-
cal features. The mean increase in low-
density lipoprotein cholesterol over the
course of the study was significantly
greater (P� .001) for the tarenflurbil
group than for the placebo group (14.5%
vs 3.1% increase over baseline mean).

COMMENT
Tarenflurbil did not slow cognitive de-
cline or loss of ADLs in patients with
mild AD nor did any secondary out-
come measure or post hoc analysis fa-

Table 1. Baseline Demographics and Assessment Scores

Demographics and Clinical Features
All Participants

(N = 1649)
Placebo
(n = 809)

Tarenflurbil
(n = 840) P Valuea

Age, mean (SD) [range], y 74.6 (8.4) [53-100] 74.7 (8.4) [53-100] 74.6 (8.5) [53-100] .93

Age range, y, No. (%)
�55 9 (0.5) 3 (0.4) 6 (0.7)

	55-�65 218 (13.2) 110 (13.6) 108 (12.9)

	65-�75 496 (30.1) 233 (28.8) 263 (31.3) .67

	75-�85 752 (45.6) 378 (46.7) 374 (44.5)

	85 174 (10.6) 85 (10.5) 89 (10.6)

Female sex, No. (%) 840 (50.9) 425 (52.5) 415 (49.4) .20

Any college, No. (%) 1028 (62.3) 499 (61.7) 529 (63.0) .59

White race, No. (%) 1558 (94.5) 761 (94.1) 797 (94.9) .47

Time since original diagnosis, mean (SD), mo 20.4 (19.8) (n = 1238) 20.5 (21.5) (n = 608) 20.4 (18.0) (n = 630) .94

Apolipoprotein ε4 positive, No. (%) 750 (58.1) (n = 1292) 367 (57.9) (n = 634) 383 (58.2) (n = 658) .91

Concomitant medications for AD, No. (%)
None 307 (18.6) 146 (18.0) 161 (19.2)

Acetylcholinesterase inhibitor only 548 (33.2) 268 (33.1) 280 (33.3)
.81

b

Memantine only 103 (6.2) 48 (5.9) 55 (6.5)

Acetylcholinesterase inhibitor and memantine 690 (41.8) 347 (42.9) 343 (40.8)

Cognitive and functional measure scores, mean (SD)c
MMSE 23.3 (2.0) (n = 1649) 23.3 (2.0) (n = 809) 23.3 (2.0) (n = 840) .63

ADAS-Cog score, points
80 25.9 (8.7) (n = 1643) 25.7 (8.9) (n = 806) 26.1 (8.5) (n = 837) .36

70 18.0 (7.5) (n = 1644) 17.8 (7.7) (n = 806) 18.2 (7.4) (n = 838) .35

ADCS-ADL 63.6 (11.3) (n = 1580) 63.6 (11.1) (n = 777) 63.6 (11.5) (n = 803) .93

CDR-sb 4.9 (2.3) (n = 1643) 5.0 (2.4) (n = 806) 4.9 (2.3) (n = 837) .37

Neuropsychiatric Inventory 8.4 (9.9) (n = 1606) 8.6 (10.2) (n = 785) 8.1 (9.6) (n = 821) .31

QOL-AD 36.9 (6.0) (n = 1370) 36.7 (6.0) (n = 666) 37.1 (6.0) (n = 704) .17

Caregiver Burden Inventory 16.1 (13.8) (n = 1421) 16.3 (14.1) (n = 701) 15.8 (13.4) (n = 720) .48
Abbreviations: AD, Alzheimer disease; ADAS-Cog, AD Assessment Scale; ADCS-ADL, AD Cooperative Studies–activities of daily living scale; Cognitive Subscale; CDR-sb, Clinical

Dementia Rating-sum of boxes; MMSE, Mini-Mental State Examination; QOL, quality of life;
aP value based on Pearson �2 test.
bComparison of the distribution across the 4 categories of concomitant medication use, based on a Pearson �2 test.
cSee “Methods” section for test total points.
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vor tarenflurbil. Tarenflurbil was rea-
sonably well tolerated, although more
participants dropped out due to ad-
verse events in the active treatment
group than in the placebo group.

Several possibilities may explain the
lack of efficacy. Plasma concentrations
of tarenflurbil indicated that the com-
pound was absorbed as expected; how-

ever, data from earlier studies in healthy
older individuals had indicated a dose-
dependent penetration of drug from
plasma to cerebrospinal fluid of only
0.5% to 1%.18 Low brain penetration in
that study did not deter plans for the
phase 2 or 3 trials because preclinical
studies had shown that administration
of �-secretase modulators could reduce

amyloid levels and deposits in amyloid
precursor protein transgenic mice de-
spite low levels of brain penetration
(tarenflurbil plasma to brain tissue con-
centration ratio of 1.8% to 2.4%).4,19-23

The same 21-day study in healthy
older individuals failed to demon-
strate sustained reduction in A�42 in
either plasma or cerebrospinal fluid at

Table 2. Change from Baseline in Participants With at Least 1 Baseline Neuropsychiatric Test Result

Measure

Intention to Treat Population, Mean (SD)

3 Month 6 Month 9 Month 12 Month 15 Month 18 Month Slope (SD)
P

Valuea

ADAS-Cog 80, T/P sample sizes: 769/738 775/743 776/743 776/743 777/743 786/746 786/746

Tarenflurbil (n = 786) 0.85 (5.66) 1.84 (6.08) 2.02 (7.45) 4.24 (7.99) 5.91 (9.19) 7.27 (10.52) 5.22 (0.272)

Placebo (n = 746) 0.81 (4.94) 1.73 (5.74) 2.01 (6.57) 4.28 (7.50) 5.11 (8.18) 7.08 (9.24) 5.06 (0.274)

CFB P Value .83 .77 .93 .74 .097 .86 .69

ADCS-ADL, T/P sample sizes: 727/706 740/721 742/722 742/723 742/723 751/725 751/725

Tarenflurbil (n = 751) −1.02 (6.49) −2.55 (7.84) −3.92 (8.93) −5.36 (10.18) −7.48 (11.65) −10.20 (13.31) −7.12 (0.394)

Placebo (n = 725) −0.65 (6.42) −2.14 (7.72) −3.59 (8.78) −6.05 (10.72) −7.54 (11.86) −9.74 (14.01) −7.08 (0.395)

CFB P Value .38 .36 .58 .19 .80 .48 .95

ADAS-Cog 70, T/P sample sizes: 770/738 776/743 777/743 777/743 778/743 787/746 787/746

Tarenflurbil (n = 787) 0.87 (4.86) 1.73 (5.35) 1.76 (6.59) 3.84 (7.29) 5.45 (8.48) 6.68 (9.85) 4.71 (0.259)

Placebo (n = 746) 0.88 (4.39) 1.58 (5.09) 1.72 (5.94) 3.81 (6.99) 4.78 (7.57) 6.44 (8.69) 4.55 (0.262)

CFB P Value �.99 .77 .89 .77 .18 .87 .67

CDR-sb, T/P sample sizes: 767/738 771/743 772/743 773/743 773/744 782/746 782/746

Tarenflurbil (n = 782) 0.41 (1.36) 0.84 (1.76) 1.30 (2.09) 1.67 (2.35) 2.19 (2.71) 2.91 (3.21) 1.95 (0.092)

Placebo (n = 746) 0.32 (1.43) 0.64 (1.74) 1.02 (2.08) 1.49 (2.47) 1.99 (2.80) 2.43 (3.12) 1.69 (0.093)

CFB P Value .52 .091 041 .26 .24 .0036 .046

MMSE, T/P sample sizes: 569/588 630/615

Tarenflurbil (n = 630) NA NA NA −2.36 (4.10) NA −3.65 (5.13)

Placebo (n = 615) NA NA NA −2.04 (4.11) NA −3.27 (5.09)

CFB P Value NA NA NA 0.37 NA .27 b

Neuropsychiatric Inventory,
T/P sample sizes:

747/712 755/723 757/724 757/724 757/725 767/727 767/727

Tarenflurbil (n = 767) 0.38 (7.53) 0.39 (8.35) 1.57 (9.38) 2.63 (10.36) 3.47 (11.76) 3.99 (12.32) 3.12 (0.364)

Placebo (n = 727) −0.28 (8.23) 0.44 (9.55) 1.34 (10.41) 1.74 (10.61) 2.59 (11.58) 3.37 (11.88) 2.63 (0.365)

CFB P Value .33 .37 .71 .26 .30 .47 .34

QOL participant, T/P sample sizes: 538/541 556/549 570/553

Tarenflurbil (n = 570) NA −0.37 (4.96) NA −0.18 (5.05) NA −0.86 (5.49)

Placebo (n = 553) NA −0.22 (4.81) NA −0.54 (5.05) NA −0.76 (5.41)

CFB P Value NA .91 NA .093 NA .84 b

QOL caregiver, T/P sample sizes: 546/542 563/552 578/557

Tarenflurbil (n = 578) NA −1.06 (5.08) NA −1.71 (5.33) NA −2.82 (5.52)

Placebo (n = 557) NA −0.95 (5.18) NA −2.07 (4.97) NA −2.54 (5.61)

CFB P Value NA .73 NA .11 NA .51 b

Caregiver Burden Inventory,
T/P sample sizes:

543/536 572/566 591/574

Tarenflurbil (n = 591) NA 1.88 (11.01) NA 4.67 (12.71) NA 6.57 (13.40)

Placebo (n = 574) NA 1.54 (10.88) NA 4.28 (12.36) NA 5.93 (13.04)

CFB P Value NA .92 NA .57 NA .31 b

Abbreviations: ADAS-Cog, Alzheimer Disease Assessment Scale–Cognitive Subscale; Alzheimer Disease Cooperative Studies–activities of daily living scale; CDR, Clinical Dementia
Rating; CFB, change from baseline; MMSE, Mini-Mental State Examination; N/A, not available; T/P, time period.

aP Values were based on the significance of the time by treatment interaction term in a repeated measures linear mixed model including random intercepts and slopes, baseline
score and time as covariates, and factors for treatment group, clinical site, and current acetylcholinesterase inhibitor/memantine use.

bAd hoc slope analysis not done due to small number of time points.
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200, 400, or 800 mg twice daily of
tarenflurbil vs placebo. Although at
peak drug concentration, higher
plasma levels were related to lower
A�42 plasma concentration.18 It is pos-
sible that the 800-mg dose may have
been too low for a therapeutically rel-
evant �-secretase modulatory effect in
humans. However, no trends in the
present results suggest that higher
plasma concentrations of tarenflurbil
had different clinical outcomes.

Tarenflurbil is the R-enantiomer in
R-S-flurbiprofen marketed in the
United States as an analgesic and anti-
inflammatory. The S-enantiomer acts as
a cyclooxygenase-inhibiting NSAID.
Tarenflurbil by comparison has very
little such activity.24 Due to the low con-
centrations observed, the presence of
S-flurbiprofen was not likely to have any
significant effect on efficacy or safety
outcomes.

This was the largest randomized, pla-
cebo-controlled trial completed for AD
to date. The participants had mild AD
with MMSE scores from 20 to 26, and
as a group they had the expected APOE
genotype distribution.25 The placebo
group declined at about the same rates
as did those in the placebo groups in
other 18-month trials that included pa-
tients who were both mildly and more
moderately impaired.26-29 Thus, the trial
showed external validity and consis-
tency with other trials, establishing
that the lack of significant efficacy for
tarenflurbil was not due to trial de-
sign. Nevertheless, as with the other
18-month trials, there was consider-
able variance around the mean (SD)
change scores, eg, ADAS-Cog 70-
point version, 6.68 (9.85) for taren-
flurbil and 6.44 (8.69) for placebo, in-
dicating that a substantial proportion
of patients did not worsen on the ADAS-
Cog outcomes over 18 months. The
proportion of study participants tak-
ing concomitant medications for AD
was striking. This trial was limited by
the high discontinuation rate, which
was similar to that of other recent 18-
month trials.26-28,30

The large sample size of this trial
would have allowed it to detect a dif-

ference as small as 1.4 points on the
ADAS-Cog 80-item version if such an
effect had been present. The large
sample size also provides insight into
the overall rate of decline in patients
with mild AD as well as the variability
in decline among the patients selected
for AD clinical trials and provides stable

estimates of changes on the outcome
measures commonly used in AD trials.
Thus, these results provide important
information for estimating power in fu-
ture trials of mild AD. Our results are
also a reminder that interventions af-
fecting amyloid have not yet been
shown to alter the course of AD.

Figure 2. Alzheimer Disease Assessment Cognitive Subscale and Alzheimer Disease
Cooperative Studies–Activities of Daily Living Scale Scores by Visit
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Values represent means using imputed last observation carried forward. Error bars represent 95% CIs.

Table 3. Adverse Events Occurring in at Least 5% of Participants

No. (%) of Participants

P Valueb
Placebo

(n = 821)a
Tarenflurbil
(n = 860)a

Adverse events
	1 Event 698 (85.0) 750 (87.2) .19

Discontinued 95 (11.6) 158 (18.4) �.001

	1 Serious 163 (19.9) 195 (22.7) .16

Deaths 18 (2.2) 24 (2.8) .43

MedDRA preferred term
Urinary tract infection 109 (13.3) 111 (12.9) .82

Fall 83 (10.1) 77 (9.0) .42

Dizziness 47 (5.7) 73 (8.5) .03

Diarrhea 60 (7.3) 71 (8.3) .47

Upper respiratory tract infection 46 (5.6) 60 (7.0) .25

Depression 70 (8.5) 58 (6.7) .17

Agitation 57 (6.9) 52 (6.0) .46

Constipation 35 (4.3) 49 (5.7) .18

Nasopharyngitis 57 (6.9) 44 (5.1) .12

Nausea 48 (5.8) 40 (4.7) .27

Headache 45 (5.5) 40 (4.7) .44

Back pain 41 (5.0) 30 (3.5) .13
Abbreviation: MedDRA, Medical Dictionary for Regulatory Activities.
aOne participant randomized to placebo and 2 participants randomized to the treatment group discontinued prior to

receiving medication and are not included in this table. All percentages and P values are based on the indicated
sample sizes.

bP values were based on the Pearson �2 test.
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