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ABSTRACT

Objective: Huperzine A is a natural cholinesterase inhibitor derived from the Chinese herb Huper-
zia serrata that may compare favorably in symptomatic efficacy to cholinesterase inhibitors cur-
rently in use for Alzheimer disease (AD).

Methods: We assessed the safety, tolerability, and efficacy of huperzine A in mild to moderate AD
in a multicenter trial in which 210 individuals were randomized to receive placebo (n = 70) or
huperzine A (200 ug BID [n = 70] or 400 ug BID [n = 70Q]), for at least 16 weeks, with 177
subjects completing the treatment phase. The primary analysis assessed the cognitive effects of
huperzine A 200 ug BID (change in Alzheimer's Disease Assessment Scale-cognitive subscale
[ADAS-Cog] at week 16 at 200 ug BID compared to placebo). Secondary analyses assessed the
effect of huperzine A 400 ug BID, as well as effect on other outcomes including Mini-Mental
State Examination, Alzheimer's Disease Cooperative Study-Clinical Global Impression of Change
scale, Alzheimer's Disease Cooperative Study Activities of Daily Living scale, and Neuropsychiat-
ric Inventory (NPI).

Results: Huperzine A 200 ug BID did not influence change in ADAS-Cog at 16 weeks. In secondary
analyses, huperzine A 400 ug BID showed a 2.27-point improvement in ADAS-Cog at 11 weeks vs
0.29-point decline in the placebo group (p = 0.001), and a 1.92-point improvement vs 0.34-point
improvement in the placebo arm (p = 0.07) at week 16. Changes in clinical global impression of
change, NPI, and activities of daily living were not significant at either dose.

Conclusion: The primary efficacy analysis did not show cognitive benefit with huperzine A 200 ug
BID.

Classification of evidence: This study provides Class Il evidence that huperzine A 200 ug BID has
no demonstrable cognitive effect in patients with mild to moderate AD. Neurology® 2011;76:
1389-1394

GLOSSARY

AChE = acetylcholinesterase; AD = Alzheimer disease; ADAS-Cog = Alzheimer's Disease Assessment Scale-cognitive
subscale; ADCS-ADL = Alzheimer's Disease Cooperative Study Activities of Daily Living scale; ADCS-CGIC = Alzheimer's
Disease Cooperative Study-Clinical Global Impression of Change; AE = adverse effect; ANCOVA = analysis of covariance;
APP = amyloid precursor protein; LOCF = last observation carried forward; MMSE = Mini-Mental State Examination; NPl =
Neuropsychiatric Inventory; SAE = serious adverse effect.

Huperzine A is an alkaloid extract of the plant Huperzia serrata that may be useful as a
treatment for Alzheimer disease (AD). During the 1980s, investigators in China determined
that huperzine A is a potent inhibitor of acetylcholinesterase (AChE),' a finding that has been
confirmed repeatedly.>? It is highly selective for AChE in vitro, it has good brain penetration,
and it is relatively free of cholinergic toxicity.*® In addition, some studies have shown that
huperzine A may shift amyloid precursor protein (APP) metabolism toward the nonamyloido-
genic a-secretase pathway.” Based on the 50% inhibitory concentration (IC50), huperzine A is
more potent than tacrine, physostigmine, and galantamine with respect to inhibition of AChE
activity. Hence, it is presumed that huperzine A, if efficacious, would exert its clinical efficacy
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in AD via this mechanism. Certainly, it
should be noted that huperzine has been
shown to exhibit other effects that may be
beneficial AD: huperzine has been demon-
strated to reduce glutamate-induced cytotox-
icity by antagonizing cerebral NMDA
receptors.® Importantly, this trial was de-
signed to assess short-term symptomatic ef-
fects more likely attributable to AChEI or
memantine-like effects than to neuroprotec-
tive mechanisms.

Phase [ studies in the United States ex-
plored escalating doses up to 400 ug twice
daily in healthy older individuals.” Most ad-
verse effects (AEs) were rated as mild; there
were no serious AEs (SAE).

In this phase II study, we aimed to demon-
strate the safety, tolerability, and efficacy of
huperzine A over 16 weeks in mild to moder-

ate AD.

METHODS Standard protocol approvals, registra-
tions, and patient consents. A total of 210 patients were
enrolled in this study. The protocol was reviewed and approved
by the institutional review board at each participating site. All
research participants and caregivers gave written informed con-
sent. Surrogate consent was used if criteria were met for its use.
The Alzheimer’s Disease Cooperative Study’s Data and Safety
Monitoring Board, which is advisory to the National Institute of
Aging, provided safety oversight on an ongoing basis. The clini-
cal trial identifier number for this study was NCT00083590.
Blinded phase enrollment began June 2004 and last week 24
visit December 2007.

Subjects. Participants were 50 years or older and diagnosed
with probable AD, as defined by the National Institute of Neu-
rological and Communicative Disorders and Stroke and the Alz-
heimer’s Disease and Related Disorders Association criteria.
Subjects had Mini-Mental State Examination (MMSE) scores
between 10 and 24, inclusive, and were in stable medical condi-
tion for 3 months prior to screening. Individuals receiving stable
doses of memantine were included. Exclusion criteria included
use of cholinesterase inhibitors within 2 months of screening;
regular use of narcotic analgesics (>2 doses per week) within 4
weeks of screening; use of medications with significant CNS an-
ticholinergic activity within 2 months of screening (e.g., tricyclic

antidepressants, diphenhydramine); and use of anti-Parkinson

The 3 arms of the phase Il randomized placebo-controlled, dose

escalation study of huperzine A®

Table 1
Weeks
1-2
Group A 100
Group B 100
Group C Placebo

2 All doses are ug, BID.
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Weeks ‘

Weeks Weeks Weeks Weeks

3-4 5-6 7-16 17-20 21-24
200 200 200 200 200
200 300 400 400 400
Placebo Placebo Placebo 100 200
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medications (including Sinemet, amantadine, bromocriptine,

pergolide, and selegiline) within 2 months of screening.

Study design. This was a multicenter, 3-arm, randomized,
double-blind, placebo-controlled, dose-escalation trial. Partici-
pants were randomly assigned with equal probability to 3
groups: group A received huperzine A 100 ug BID for 2 weeks,
then 200 ug BID for 22 weeks. Group B received huperzine A
100 ug BID for 2 wecks, then 200 ug BID for 2 weeks, then
300 pg BID for 2 weeks, then 400 ug BID for 18 weeks. Group
C received placebo for 16 weeks then huperzine A 100 pug BID
for 4 weeks, then 200 g BID for 4 weeks (table 1).

Safety assessments and laboratory measures. All AEs oc-
curring during the study were characterized. Safety data, such as
vital signs, ECG data, and laboratory test results, were collected
throughout the trial. Pill counting was used as a measure for
medication compliance. Vital signs were recorded at each study
visit, with ECGs performed at baseline and at weeks 2, 4, 8, 11,
16, 20, and 24. DNA testing for APOE genotype was performed.

Clinical measures. At baseline and at weeks 8, 11, 16, 20, and
24, cognitive performance was assessed using the Alzheimer’s
Disease Assessment Scale cognitive subscale (ADAS-Cog)'® and
the MMSE, " daily function was assessed by the Alzheimer’s Dis-
ease Cooperative Study Activities of Daily Living Scale (ADCS-
ADL),? behavior was assessed by the Neuropsychiatric
Inventory (NPI),"* and global status was rated using the Alzhei-
mer’s Disease Cooperative Study—Clinical Global Impression of

Change (CGIC).

Efficacy analysis. Our intention was to evaluate 2 doses of
huperzine A, 200 ug BID and 400 ug BID, for safety and effi-
cacy. The primary efficacy analysis was change from baseline to
16 weeks in the ADAS-Cog score using analysis of covariance
(ANCOVA), with baseline score as a covariate. Sixteen weeks
was chosen to balance concerns about prolonged placebo expo-
sure with interest in longer comparison to placebo. Studies of
cholinesterase inhibitors generally show efficacy at 12 weeks.
The available funds allowed us to study a total of 210 subjects, or
70 subjects per arm. A power calculation indicated that this
group size would provide 80% power to demonstrate a 3-point
difference in ADAS-Cog change at 16 weeks (assuming a SD of
5 points for the change in ADAS-Cog score, an estimate based
on the observed SD of 4.5 for the ADAS-Cog change score in
the placebo arm at 6 months in the ADCS high-dose B vitamin
trial®®), for a single comparison between 2 groups, with an « level
of 0.05; for comparison, a meta-analysis of published studies has
indicated that the mean effect on this measure of currently avail-
able cholinesterase inhibitors in comparison to placebo at 12-24

weeks is 2.7 points.'®

With this marginal statistical power, we
selected a single comparison for the primary analysis: 200 pg
BID (the dose shown to be effective in China) vs placebo at 16
weeks.

For the primary analysis, missing values were imputed using
last observation carried forward (LOCEF). Prespecified secondary
analyses examined the high-dose group, other cognitive and clin-
ical assessments, an alternative method for imputing missing val-
ues by applying to the last observation a slope derived from
individuals in the same arm with observed data over the missing
interval,"” and mixed-effects modeling, with time treated as a
categorical variable, and unspecified correlation structure. The
interaction between treatment and time was included in the
mixed-effects model.

AE data are reported using intention-to-treat analyses (n =

210) across 16 weeks. To maximize the sensitivity of the safety
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[ Figure 1 Participant flow through the phase Il huperzine A trial
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A total of 287 subjects were screened for the trial, and 210 were eligible and randomized. The most common reason for screen failure was Mini-Mental
State Examination score being too high.

measures comparisons, no adjustments were made for multiple

comparisons.

All statistical tests were 2-sided. Analyses were performed

using the R statistical package, version 2.3.1.11." Baseline values
of outcome measures were entered as covariates into each model
to account for any baseline group differences. In addition, age
and APOE genotype were prespecified as potential confounders;
if either was found to have between-group differences at baseline
and to correlate with the outcome measure being tested, it would

be entered as a confounder into the ANCOVA model. Neither

covariate met both criteria for inclusion in any analysis.

[ Table 2

‘ Variable
Age, y, mean (SD)

Female, n (%)

Education, y, mean (SD)

APOE4+,n (%)
ADAS-Cog, mean

(SD)

MMSE, mean (SD)

ADCS-ADL, mean (SD)

NPI, mean (SD)

Percent subjects who had discontinued

prior ChEIl treatment

Baseline characteristics of participating subjects

]

HU 400 g BID |

Placebo HU 200 pg BID

78.1(8.35) 78.06 (6.91) 77.57(8.79)
47 (64.38) 47(68.12) 41 (60.29)
13.18(2.90) 13.57(3.04) 13.43(3.90)
43(65.15) 38(60.32) 37(58.73)
27.1(10.58) 26.25(12.53) 26.69(11.65)
19.12(4.00) 19.25 (4.20) 19.00 (4.26)
57.63(14.31) 58.62(12.34) 57.38(13.46)
10.14(9.97) 11.07(13.87) 12.65(14.89)
57 58 57

Abbreviations: ADAS-Cog = Alzheimer’'s Disease Assessment Scale-cognitive subscale;
ADCS-ADL = Alzheimer's Disease Cooperative Study Activities of Daily Living scale; HU =
huperzine A; MMSE = Mini-Mental State Examination; NPl = Neuropsychiatric Inventory.

RESULTS Participants. Flow of subjects through the
study is shown in figure 1. Of 287 participants who
were screened for the trial, 210 were eligible and ran-
domized. The screen failure rate was 27%. The most
common reason for screen failure was MMSE score be-
ing too high (39%). No subjects discontinued the med-
ication because of SAEs attributed to the treatment, and
there were no differences in treatment discontinuation
rates (for placebo, dropout = 9 subjects; for 200
g BID arm, dropout = 10 subjects; for 400 ug
BID arm, dropout = 14 subjects) or in medication
compliance (96%-99%) among the 3 groups. Of
the 33 subjects who withdrew, 17 did so due to
AEs. The 3 groups were balanced at baseline re-
garding all demographics, clinical measures
(MMSE scores), and APOE4 distribution (table
2). The percentage of subjects in the trial who had
discontinued prior cholinesterase inhibitor treat-
ment (a baseline characteristic) is also reported, by
treatment group (table 2). Peripheral AChE inhi-
bition was measured in all 3 groups. The data are
reported in table e-1 on the Neurology® Web site

at www.neurology.org.

Safety and tolerability. Huperzine A was generally
well-tolerated at doses of up to 400 ug BID for 24

weeks, even in subjects unable to take other cholines-
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terase inhibitors. Fifty-seven percent of subjects had
been on ChEI treatment prior to enrolling in this
study. Sixty-six percent of them had discontinued
due the experience of an AE (most commonly nau-
sea). The remainder discontinued due to other rea-
sons, including lack of perceived benefit (22%) and
expense (12%). Vital signs were recorded at each
study visit, with ECGs performed at baseline and at
weeks 2, 4, 8, 11, 16, 20, and 24. There were no
statistically significant differences between the pla-
cebo, 200 ug, or 400 ug groups. All AEs that oc-
curred in at least 4% of participants (treatment or
placebo) are listed in table e-2. SAEs occurred in
6/73 (8.22%) in placebo and 9/69 (13.0%) in 200
g BID arm group (p = 0.42) and 11/68 (16.2%) in
400 pg BID arm (p = 0.20). No SAE was consid-
ered possibly related to study medication. There was
one death in the placebo group, 3 in the 200 ug BID
arm, and none in the 400 ug BID arm. Rates of
withdrawal due to AEs, by treatment group, sepa-
rately for subjects who did and did not discontinue
cholinesterase inhibitors due to AEs prior to entering
the trial by arm are presented in table e-3.

Clinical measures. The primary analysis demon-
strated that huperzine A 200 pg BID had no effect
on ADAS-Cog change at week 16 (—0.32 = 15.37
vs —0.34 £ 5.17, p = 0.98, figure 2). The slope
imputation ANCOVA and mixed effects model
analysis of ADAS-Cog change were similarly nega-
tive. Change in MMSE, the secondary cognitive
measure, suggested improved cognition with treat-
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ment compared to placebo at weeks 6 and 16
(0.66 £ 2.85 vs —0.33 = 3.31, p = 0.06, LOCF
ANCOVA), though not at week 11 (table 3 and fig-
ure e-1). There was no effect of this dose on the ADL
or NPI assessments (figure e-1). Changes from base-
line in cognitive and functional measures in each
treatment arm, at each timepoint, using LOCF are
shown in table 3.

In the 400 wg BID of huperzine A arm, the
ADAS-Cog change at week 16 demonstrated a
1.92 * 5.30—point improvement (p = 0.07 for the
LOCF ANCOVA), and at week 11, 400 ug BID
dose showed a 2.27-point improvement vs a 0.29-
point decline (» = 0.001 for the LOCF ANCOVA).
The mixed-effects model of ADAS-Cog change com-
paring the 400 ug BID dose to placebo over 16
weeks showed a significant treatment group by time
effect (p = 0.03), with greater cognitive improve-
ment in the active treatment arm. For MMSE, the
results at week 16 for placebo group demonstrated a
0.40-point decline, while active treatment showed a
1.1-point improvement (p = 0.007). Placebo sub-
jects switched to 400 pg BID at week 16 did not
experience statistically significant benefits on the
ADAS-Cog. There was no effect of this dose on the
ADL, NPI, or CGIC assessments (table 3). All sub-
jects were followed from week 16 through week 24
on active drug. These data were not included in the
primary analysis as this phase was not placebo-
controlled. ADAS-Cog data for this phase are pre-
sented in figure e-2.

Effectiveness of allocation concealment was assessed
for this trial. Four groups were queried: clinician, psy-
chometrist, study partner, and coordinator. The coordi-
nators did better than chance in their assessment of
active vs placebo (p < 0.001). The other groups’ re-
sponses were no different from chance (see table e-4).

DISCUSSION The present study represents an ini-
tial attempt to characterize the impact of short-term
huperzine A treatment on individuals with mild to
moderate AD. The primary endpoint for this trial,
cognitive benefit as indicated by the change in
ADAS-Cog score for the 200 ug BID dose at 16
weeks compared to placebo, did not indicate efficacy;
we therefore cannot conclude that huperzine A pro-
vides cognitive enhancement in mild to moderate
AD. However, the 200 ug BID did favorably influ-
ence MMSE scores at 16 weeks, and the 400 ug BID
dose showed evidence of cognitive enhancement as
measured by the ADAS-Cog and the MMSE. Thus,
the results suggest a possible short-term symptomatic
benefit of huperzine A, which requires confirmation
in additional studies. Huperzine was generally well-
tolerated at both doses tested.
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Table 3

Changes from baseline in cognitive and functional measures by treatment

arm, at each timepoint, using last observation carried forward

Cognitive measure
ADAS-Cog
Placebo
200 pg
400 png
MMSE
Placebo
200 pg
400 png
NPI
Placebo
200 pg
400 png
ADCS-ADL
Placebo
200 pg
400 png
ADCS-CGIC, n (%)
Placebo
Improvement
No change
Worsening
200 pg
Improvement
No change
Worsening
400 pg
Improvement
No change

Worsening

Abbreviations: ADAS-Cog

Week 6 (SD)

0.25 (4.67)
—-0.75(4.42)
—-0.93(5.00)

-0.33(3.31)
0.66 (2.85)
0.91(2.53)

Week 11 (SD) Week 16 (SD) p Value?
0.29 (4.19) -0.34(5.17)

-0.47 (4.51) -0.32(15.37) 0.980

-2.27(5.11) -1.92(5.30) 0.070
0.12(3.02) -0.40(3.31)
0.51(2.91) 0.65 (2.85) 0.060
1.03(2.64) 1.10(2.84) 0.007
- -0.83(7.11)
- -0.97(7.76) 0.614

= -0.38(14.75) 0.378

= —2.64(8.66)
= -1.18(9.10) 0.221
- -0.85(7.84) 0.188

- 10(15.62)
= 26 (40.62)
= 28(43.75)
0.699
= 11(18.03)
= 25(40.98)
= 25(40.98)
0.159
= 10(18.18)
- 29(52.73)
= 16 (29.09)

= Alzheimer's Disease Assessment Scale-cognitive subscale;

ADCS-ADL = Alzheimer's Disease Cooperative Study Activities of Daily Living scale;
ADCS-CGIC = Alzheimer's Disease Cooperative Study-Clinical Global Impression of
Change; MMSE = Mini-Mental State Examination; NPl = Neuropsychiatric Inventory.

2p Value is for between-groups comparison.

It is notable that most subjects in this trial had
discontinued prior treatment with cholinesterase in-
hibitors; there was no evidence of a different response
in such individuals when compared to individuals
who had never taken such drugs. Fifty-seven percent
of subjects had been on ChEI in the past and 66%
had discontinued because of AEs, most commonly
nausea. However, 11.4% of subjects were unable to
tolerate huperzine A due to AEs, with nausea being
the most common reason. This comparison, how-
ever, is limited by the incompleteness (e.g., titration
schedule, dosage, and duration of past ChEI treat-
ment) and uncertain quality of the historical infor-
mation. Although there is limited power, the

concomitant treatment with memantine did not
seem to influence response to huperzine A.

Analysis of effectiveness of allocation conceal-
ment showed that study coordinators did better than
chance in guessing which subjects were in the treat-
ment arm vs placebo. This is presumably as a result
of AE reporting, which is performed by study coordi-
nators. The clinicians, psychometrists, and study
partners did no better than chance in guessing which
subjects were in the treatment arm vs placebo. This
suggests maintenance of blindness was adequate for
the objective measurement of study endpoints.

Huperzine A at a dose of 200 pg BID is ineffec-
tive in the treatment of AD. Some secondary analyses
in this trial suggest that a higher dose, 400 ug BID,
may improve cognition; further studies to identify
the maximal tolerated dose and evaluate long-term
treatment effects may warrant consideration.
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