
Evaluation of Aducanumab for Alzheimer Disease
Scientific Evidence and Regulatory Review Involving Efficacy,
Safety, and Futility

On November 6, 2020, a US Food and Drug Adminis-
tration (FDA) advisory committee reviewed issues re-
lated to the efficacy and safety of aducanumab, a human
IgG1 anti-Aβ monoclonal antibody specific for β-amyloid
oligomers and fibrils implicated in the pathogenesis of
Alzheimer disease.1 Given the importance of drug inno-
vation for this common and often devastating disease, the
abandonment of prior monoclonal antibodies targeting
β-amyloid, and the clinical, regulatory, and market ef-
fects that approval of aducanumab could have, there has
been significant interest in the development and regula-
tory review of aducanumab.

Determination of Futility. The primary evidence of
efficacy for aducanumab was intended to be 2 nearly iden-
ticallydesigned,phase3,double-blind,placebo-controlled
randomized clinical trials (RCTs) of high- and low-dose
aducanumab (“study 301,” ENGAGE [NCT02477800]
and “study 302,” EMERGE [NCT02484547]). The studies
were initiated after a phase 1b safety and dose-finding
study indicated suitable drug safety (NCT01677572).2

Approximately halfway through the phase 3 studies, a
planned interim analysis met prespecified futility criteria
and, in March 2019, the sponsor announced termination
of the trials.

However, following this decision, and augmenting the
datasetwithadditionaltrial informationthathadbeengath-
ered after the futility determination, conflicting evidence
of efficacy was identified in the 2 studies.1(p59-61) Study 301
(n = 1647 randomized patients) did not meet its primary
end point of a reduction relative to placebo in the Clinical
Dementia Rating–Sum of Boxes (CDR-SB) score. According
to prespecified plans to protect against erroneous conclu-
sions when performing multiple analyses, no statistically
valid conclusions could therefore be made for any of the
secondary end points in study 301. By contrast, study 302
(n = 1638patients)reachedstatisticalsignificanceonitspri-
mary end point, estimating a high dose treatment effect
corresponding to a 22% relative reduction in the CDR-SB
outcomecomparedwithplacebo(P = .01). Inthelow-dose
aducanumab group in study 302, the effect was not statis-
ticallysignificantcomparedwithplacebo,andbasedonthe
prespecified analytic plan, this precluded the ability to as-
sess efficacy with respect to secondary outcomes in both
the high- and low-dose groups.

Substantial Evidence From a Single Trial? While the
FDA has usually preferred 2 adequate and well-controlled
trials to demonstrate substantial evidence of efficacy for a
new drug, the Federal Food, Drug, and Cosmetic Act was
amended in 1997 to allow the FDA to approve a new drug
basedonevidencefromasinglestudy.3 Althoughnoexplicit
rulesgovernexactlywhenasinglepivotaltrialmightbesuf-
ficient, regulatory guidance notes the importance of char-

acteristics that “support the persuasiveness of a single trial
in supporting the conclusion that there is substantial evi-
dence of effectiveness.”4 In the case of aducanumab, the
sponsorworkedwiththeFDAtofurtheranalyzethepivotal
trials as well as its earlier phase 1b study to determine the
importanceofthestatisticallysignificantresultsofthehigh-
dosegroupcomparedwiththeplacebogroupinstudy302.
This undertaking reflected an unusual degree of collabo-
rationbetweentheFDAandmanufacturerofaducanumab,
and the arrangement has been criticized as having poten-
tially compromised the FDA’s objectivity in reviewing the
New Drug Application.5

From 2012-2016, product approvals based on a
single pivotal trial typically have been associated with sta-
tistically significant results with a P < .01.6 In addition,
the minimum clinically important difference of the pri-
mary end point used in the aducanumab trials, CDR-SB,
is generally considered to be 1 to 2 on a scale from 0 to
18,7 while the 22% reduction in the CDR-SB outcome ob-
served in the high-dose group in study 302 reflected an
absolute difference of 0.39. The FDA endorsed any sta-
tistically significant effect on the CDR-SB as a clinically
meaningful outcome in studies 301 and 302, but a “re-
sponder analysis,” while prespecified, was not pre-
sented to the advisory committee to allow for an under-
standing of the proportion of individuals who achieved
a predefined level of improvement at a given point.

Can Post Hoc Analyses Help Explain Why the
Findings From These Trials Differ? Post hoc analysis of
trials that change the populations of interest, end points,
or methods of analysis introduce what may be regarded
as unacceptable threats to statistical validity and scien-
tific rigor, and they are usually performed as hypothesis-
generatingexercises.Aspointedoutbyastatisticalreviewer
at the FDA,8 analyses based on a post hoc selection of the
betterof2RCTs—theonereachingstatisticalsignificance—
withoutmethodsthatacknowledgethispurposefulchoice
increase the risks of inadvertently selecting data pre-
cisely because those data were consistent with the out-
comes that were hoped for. For example, when used post
hoc as a single pivotal study, a true P value for study 302
would be higher than .021, rather than .01 as computed
when reporting both studies; the adjustment must be
greater than a simple Bonferroni adjustment to account
for both the selection of the best of 2 independent stud-
ies, as well as the data-driven departure from evaluating
both studies according to the prespecified analysis plan.

More than 25 negative RCTs have tested the “amyloid
cascade hypothesis,” and thus the observed discordance
between study 302 and study 301 is consistent with a
type I error. Nevertheless, a wide variety of post hoc analy-
ses were presented during the FDA advisory committee
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meeting in an attempt to explain the null findings of study 301 under
thepresumptionthatstudy302wasatrue-positiveresult.1(p62-64) Much
of the focus was on the potential effect of a protocol amendment in-
creasing the dose of aducanumab provided to participants who were
carriers of the apo ε4 allele. Due to variation in accrual patterns, slightly
fewer participants in study 301 had the opportunity to receive the high
dose,anditwasspeculatedthatthismightexplaintheabsenceofatreat-
menteffect.1(p73-83) However,thehigh-dosegroupinstudy301hadless
evidenceoftreatmentbenefitthandidthelow-dosegroupinthatsame
study, despite both studies 301 and 302 showing statistically significant
doseresponsetrendsasexpectedformeasuresofbrainamyloid.1(p73-83)

Several other approaches were attempted to understand the dis-
cordance between the trials. There was no evidence of important dif-
ferences in baseline characteristics among participants who enrolled
in the 2 trials, nor evidence of a failure in randomization. Another analy-
sis identified a greater number of individuals with accelerated deterio-
ration, or “rapid progressors,” in the high-dose group of study 301 com-
paredwithstudy302.1(p69-72) Althoughtheirexclusionresultedinmod-
est improvementintheestimatedefficacyofaducanumab,thesponsor
was unable to determine criteria that would prospectively identify such
patientstoinformfuturetrialsorclinicalpractice,thetheoryofrapidpro-
gressors was introduced post hoc, and statistical analyses to account
for them did not change the overall null results of study 301.1(p69-72) Any
treatmentwillappeartobemoreeffectiveif individualsinwhomitworks
least are removed from the analysis. In short, while post hoc analyses
are useful for generating interesting hypotheses to be tested in future
trials,theposthocanalysesregardingaducanumabprovidedlimitedin-
formation useful in deciding the benefit of this new drug and these post
hoc analyses should not be the basis for FDA approval.

Considerations of the Safety of Aducanumab. Ultimately, any
determination of readiness for market must also consider a drug’s over-
all benefit-risk balance. The pivotal trials of aducanumab were care-
fully designed to minimize the potential harms from amyloid-related
imaging abnormalities (ARIA). While ARIA, including vasogenic edema
(ARIA-E), occurs early in treatment and is typically asymptomatic, rates

of ARIA-E varied markedly between those who received placebo vs
drug in studies 301 and 302 (placebo, 2.7% vs high-dose adu-
canumab, 35.2%). In addition, as many as 0.9% of participants with
ARIA experienced severe symptoms, including confusion, disorienta-
tion,gaitdisturbance,ataxia,visualdisturbance,headache,nausea,falls,
and blurred vision. The FDA’s statistical review suggested evidence of
potentially greater falls among individuals treated with high-dose
aducanumab,8(p68) which as with many of the other symptoms of
ARIA, are especially complicated clinically because of their potential
overlap with underlying disease progression. While briefing materials
suggested risk of ARIA can be mitigated by monitoring via imaging and
dosing management,1(p118) it is unclear how consistently and compre-
hensively this could be performed in clinical practice.

Looking Forward. AscompellingpublictestimonyduringtheFDA’s
advisorycommitteemeetingmadeclear,Alzheimerdiseaseposesama-
jor burden on millions of people and their families, and there is an over-
whelmingdemandforsafeandeffectivenewtreatments. Inlightofthis,
the sponsor of aducanumab deserves recognition for a development
programthatincludedthedesignandconductof2well-controlled,ran-
domized, potentially pivotal trials that should be published in the peer-
reviewedliterature.However,consideringthattheseefficacytrialswere
stopped for futility, there is no reason to favor the trial with the positive
signal in1of2treatmentgroupsoverthetrialwiththenegativeoutcome
in both treatment groups, and there is no persuasive evidence to sup-
port approval of aducanumab at this time. Randomized trials should re-
main the primary means that regulators use to assess product efficacy,
and that patients, physicians, and policy makers rely on, to have con-
fidence in the safety and effectiveness of new therapeutics.

Accordingly, based on the extensive evidence presented, the ad-
visory committee voted on the question of whether study 302, inde-
pendent of study 301, provides “strong evidence that supports the
effectiveness of aducanumab for the treatment of Alzheimer’s dis-
ease” as follows: 1 yes, 8 no, and 2 uncertain.9 The FDA will consider
this recommendation against approval in its evaluation of adu-
canumab, and a decision on the drug application is expected by June.
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