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Significance Statement

Treatment of Alzheimer’s disease by targeting the antiamyloid beta (Aβ) peptide with immunotherapy
has led to Food and Drug Administration approval of several new Aβ monoclonal antibodies. These
approvals have come with restrictions, but the uptake of these new therapies in the clinic is expected
to increase rapidly, at least in the USA. Hailed as a “breakthrough” by some, there has been stiff coun-
tercommentary questioning both safety and efficacy. The authors of this piece have been among those
most concerned about the wisdom of releasing these drugs for clinical use. We note that the debate has
been thus far largely confined to the clinical literature. With this Social Issues commentary, the authors
hope to bring the basic science research community into the discussion.

In 2021, despite investing tens of billions of research dollars, the field of Alzheimer’s
disease (AD) research was struggling. Since the approval of memantine in 2003 and the
extension of donepezil for the treatment of severe AD in 2006 (Feldman et al., 2001), no
new treatment for AD had made it to the regulatory approval for nearly 20 years. Worse,
efforts to develop treatments based on removing amyloid from the brain had repeatedly
failed in late-stage clinical trials. Then, over the succeeding 2 years, three Phase 3 clinical
trials of anti-amyloid beta (Aβ) monoclonal antibodies (mAb) were completed, and their
results were trumpeted as breakthroughs. First was the Biogen drug, aducanumab
(marketed as Aduhelm), followed in quick succession by the Biogen/Eisai drug lecanemab
(Leqembi) and the Lilly drug, donanemab. The first two were fast-tracked by the United
States Food and Drug Administration (FDA), and lecanemab later received full approval
for the treatment of AD. This was the first FDA-approved AD drug since the acetylcholine
esterase inhibitor donepezil.
As exciting as these developments appear, a comparison with the successful donepezil

trial completed decades ago provides some context. The slopes between the curves of
donepezil and placebo were described as diverging (Fig. 1; Rogers, 1998). This is impor-
tant because it is often argued that the magnitude of the difference at the end of a clinical
trial is less relevant than the situation years later. The hope is that the separation between
placebo and drug will continue to grow (Doody et al., 2001). Unfortunately, long-term
divergence between treatment and control never materialized for donepezil.
In the recent clinical trials of the mAb, lecanemab, and donanemab, after 18 months of

biweekly infusions, the difference between the curves of people on antibody and those on
placebo differed by only half the difference found in the donepezil trial after 6 months. For
all participants, in both treatment and placebo arms, cognition declined or worsened over
the 72 week trial period. While one may hypothesize that continued divergence willContinued on next page.
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continue between the treatment and the placebo arms, in the absence of follow-up stud-
ies, evidence for this hope is lacking.
The reports of the clinical trials of lecanemab and donanemab focused on the relative

changes between the active and placebo arms. Figures on treatment-induced cognitive
changes, expressed as a ratio of the score for the placebo arm (see below), range between
20 and 40%. These seemingly impressive numbers are frequently mentioned, including by
the National Institute on Aging (Hodes, 2023). These ratios are a reasonable way to think
about the data, but they miss the essential context of the full range of the cognitive scales
used. Ratios of effects can be large even with minuscule absolute clinical differences, thus
misleading patients and doctors about what the mAb can really do. To provide more com-
plete context, we created visual summaries of the data from the Phase 3 clinical trials of
lecanemab (van Dyck et al., 2023) and donanemab (Sims et al., 2023).

On Efficacy
Lecanemab (Fig. 2) is reported to have slowed decline by 27%. This figure was calcu-

lated using the Clinical Dementia Rating Scale Sum of Boxes (CDR-SB), an 18-point scale
that measures cognitive function (higher is worse). The average participant began with a
score of 3.2, the equivalent of mild cognitive impairment. After 18 months, the scores
increased (worsened) by 1.66 points to 4.86 in the placebo arm and by 1.21 to 4.41 in
the lecanemab arm, i.e., 0.45 points less decline with lecanemab. For a start, it should
be noted that 0.45 is arguably less than half the change patients will typically be able to
perceive (Lansdall et al., 2023). Also, the Phase 2 trial of lecanemab reported a similar
change in decline, but this difference was not statistically significant due in part to a
smaller sample size (854 participants; Swanson et al., 2021). Furthermore, in both
Phase 2 and 3 trials, the change was only around half the effect reported for donepezil
(Birks and Harvey, 2018), which is considered a modest symptomatic treatment.
The formula used by the lecanemab authors was based on the following terms:

X = [Lec0 − LecV] (the absolute value of the lecanemabscore change = 1.21),

Y = [Plcb0 − PlcbV] (the absolute value of the placebo score change = 1.66).

The percent “improvement” was then calculated as [X−Y ] /Y. This is how the 27% effect
figure is obtained. This is a perfectly legitimate relative rate calculation and a valuable (but
not sufficient) way to think about the data. The relative ratemetric informs about the super-
iority of treatment versus placebo but does not convey how the change relates to a par-
ticipant’s full cognitive capacity. Very small absolute changes can result in very large
relative changes, which could be misleading. The preference of relative over absolute
changes has led healthcare providers and the public to overestimate concerns about
high cholesterol and artificially inflate the magnitude of the benefits of cholesterol-
lowering therapy (Diamond and Leaverton, 2023). Relative and absolute metrics are
both needed as they supplement each other.
Expressing the data in this way also tacitly assumes that the treatment and placebo

curves will continue to separate: for this metric to remain constant, the curves must sepa-
rate linearly. However, if over time the curves become parallel, as might easily be the case
for many patients, then this metric will decline because it divides a constant difference by
the larger and larger decline in the placebo group. Thus, values reported early in the treat-
ment will mislead the reader when applied to longer time scales. As an example, after
36 months (double the length of the lecanemab trial), [X−Y ] would need to increase to
0.9 to maintain a 27% “effect.” We propose that this is improbable given the shapes of
the published curves.
The Van Dyck method ([X−Y ] /Y ) thus ignores the important issue of where the partic-

ipants were relative to the full cognitive scale. One way to approach this is to divide [X−Y ]
by the value of the full scale [18 for the CDR-SB; 144 for Integrated Alzheimer’s Disease
Rating Scale (iADRS)]. This translates to a treatment effect of 2.5% (0.45 / 18) for lecane-
mab and 2.3% (3.4 / 144) for donanemab. Viewing the data in this way has the advantage
of a standardized way of describing the effect size, making it more meaningful to compare
different cohorts measured with different scales, yet in some ways it also presents a dis-
torted view. The probability of different scores along the scales is not equal. For example,
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virtually no subject will score zero on the iADRS or 18 on the CDR-SB. Because of this, the
estimate of the treatment effect will be artificially deflated. Thus, these two metrics are
incomplete and convey different information and, some would say, different narratives
on the efficacy of the drug.
To describe the change due to treatment, while taking into account where the patients

were in the progression of their disease, we suggest a third approach: divide the difference

Figure 2. Infographic of the lecanemab pivotal trial. The data are shown to facilitate a comprehensive interpretation of the clinical trial data in the authors’
perspective.

Figure 1.Comparison of the efficacy slopes and absolute changes for donepezil and lecanemab versus placebo. Improvement from the baseline was only
observed for donepezil. In both cases, visual divergence in the curves suggested the possibility of greater benefits beyond the short window of the trials.
Note the scale of Y axis is equal in both studies, facilitating comparison. IV, intravenous. ADAS-Cog, cognitive subscale of the Alzheimer’s Disease
Assessment Scale; range 0–90, higher means worse. The MCID for this scale is 3 points. Adapted from data in Rogers (1998) and van Dyck et al. (2023).
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between the final scores, [LecΩ−PlcbΩ], by the difference between the initial score of the
participants (Lec0 or Plcb0) and the top score on the scale (144 for iADRS; 0 for CDR-SB).
This method has the advantage of accounting for any reversed polarity of cognitive scales
(better scores could be higher or lower) and will normalize the scores at any position on the
scale. For the lecanemab example, this variation suggests that the treatment led to a
15.6% change over placebo ([4.9−4.4] / [3.2−0]). All three measures have strengths
and weaknesses, and thus discussing them in combination seems warranted in order to
better inform treatment decisions.
If we use the calculations of Sims et al., donanemab (Fig. 3) slowed decline by 33% in

the “ideal” subgroup of “low/medium tau” participants. The trial used as outcome mea-
sure the iADRS, a 144-point composite scale measuring cognition plus activities of daily
living items (lower is worse). The average participant began with a score of 104 (mild
dementia). After 76 weeks, the scores decreased by −13.1 points to 90.5 in the placebo
arm and by 10.2 points to 93.9 in the donanemab arm—3.4 points lesser decline. The
33% figure comes from dividing [X−Y ] by Y (3.4 / 10.2). Here again, other ways of viewing
the data provide much needed context. If we use the full scale as the denominator instead
of Y, the effect is 2.4% (3.4 / 144). If we use the thirdmethod, donanemab’s effect would be
8.5% ([93.9−90.5] / [104− 144]) in absolute terms, on the relevant part of the scale. These
numbers in context are useful for a full appreciation of the data.
All ways of describing the lecanemab and donanemab data are legitimate but incom-

plete. For the patient, the salient question is: Are these effects meaningful?
Considerable work has gone into defining what is known as the “minimal clinically impor-
tant difference” (MCID), the smallest change a patient can perceive (Cook, 2008).While the
MCID was not designed to provide a metric to evaluate efficacy of group-level differences
in clinical trials, we lack individual-level data to determine what the changes might mean
for any one person (Lansdall et al., 2023). This caveat notwithstanding, for iADRS, this
number is 5 for patients withmild cognitive impairment and 9 for patients withmild demen-
tia (Wessels et al., 2022); for CDR-SB, the number is 1.0 for mild cognitive impairment and
1.6 for mild dementia. Average changes of ∼3 on the iADRS and ∼0.5 on the CDR-SB rep-
resent differences imperceptible to patients, their families, and their physicians, no matter
what percentage we use to describe the difference.

Figure 3. Infographic of the donanemab pivotal trial. The data are shown to facilitate a comprehensive interpretation of the clinical trial data in the authors’
perspective.
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On Safety
With a disease as devastating as AD, even a small effect size should be considered by

clinicians if treatments were safe. However, these mAb are not safe. In both trials, adverse
events afflicted sizable numbers of participants. With lecanemab, 45% of the participants
had treatment-related adverse events, with nearly one in four patients developing brain
swelling and/or bleeding, which proved to be severe in some persons. Severe bleeding
occurred to a greater extent compared with placebo (five vs one in the lecanemab trial;
seven vs two in the donanemab trial), including three fatal cases. With donanemab,
89%of patients had treatment-related adverse events andmore than one in three patients
developed brain swelling and/or bleeding. Brain swelling is a major contributor to the
acceleration of brain atrophy, a feature of most mAb (Alves et al., 2023).
In evaluating a therapy, two useful numbers are “the number needed to harm” (NNH) and

“the number needed to treat” (NNT). The NNH is the number of patients that need to
receive the treatment for one to experience an adverse outcome (Andrade, 2015). When
accounting for all toxic effects, that number is ∼3 for both lecanemab and donanemab.
The NNT is the number of patients that need to receive the treatment for one to experience
a beneficial response. As discussed above, no individual patient-level data was reported
during these trials, making this number impossible to accurately calculate. We note as well
that due to the assumptions that must be made (discussed above), it is even hard to esti-
mate NNT from the average data. Thus, we havemarked the NNTwith a “?” sign in Figures
2 and 3. We caution that as these treatments enter the real world of clinical practice, peo-
ple may be exposed to substantial risks without the benefit of the rigorous screening and
careful monitoring that was part of the Phase 3 trials, potentially magnifying the harm.
In summary, the new mAb do not improve cognition but rather reduce the decline by an

arguably smaller magnitude than donepezil and below the individual threshold of percep-
tion for most patients, carrying a worrisome safety profile. The advantage of these drugs
seems to be related more to the theoretical possibility that they are disease modifying
(in keeping with the prevailing framework of amyloid toxicity), rather than in their actual
risk/cost–benefit trade-off. Before these expensive drugs are administered broadly,
both the safety profile of subgroups and the efficacy relative to the benchmark drug done-
pezil should ideally be tested. If this does not happen, we risk adopting a potentially less
effective drug with significant potential harm over the benchmark drug on the market,
donepezil. Excess deaths occur with mAb infusions along with frequent brain swelling
and bleeding. This concern is all the more acute given the acceleration of brain volume
loss they induce (Alves et al., 2023). We leave a detailed discussion of the costs of these
therapies for another day. We would note, however, that a substantial impact on our
healthcare networks would be unavoidable if even only 10% of at-risk patients were to
be subjected to these infusions.
The small and uncertain benefits, the worrisome and poorly understood risks, and the

very high costs of treatment suggest that these drugs are promoted largely out of theoret-
ical rather than practical benefits. For patients and society—both of whom bear the costs
of this treatment—caveat emptor.
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