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Abstract
The engineered fusion protein NPT088 targets amyloid in vitro 
and in animal models of Alzheimer’s disease. Previous studies 
showed that NPT088 treatment reduced β-amyloid plaque 
and tau aggregate loads in mouse disease models. Here, we 
present the results from an initial clinical study of NPT088 in 
patients with mild to moderate Alzheimer’s disease. Patients 
were treated with 4 dose levels of NPT088 for 6 months to 
evaluate its safety and tolerability.  Exploratory measurements 
included measurement of change in β-amyloid plaque and tau 
burden utilizing Positron Emission Tomography imaging as 
well as measures of Alzheimer’s disease symptoms. At endpoint 
NPT088 was generally safe and well-tolerated with the most 
prominent finding being infusion reactions in a minority of 
patients.  No effect of NPT088 on brain plaques, tau aggregates 
or Alzheimer’s disease symptoms was observed. 
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Introduction

Current state of research in early detection of 
Alzheimer’s disease

The characteristic pathological findings in 
Alzheimer’s disease (AD) are extracellular 
β-amyloid plaques and intracellular tau 

tangles.  These deposits have been hypothesized to play 
an important role in the pathophysiology of AD, and 
removing plaques and/or tangles has been proposed 
as a potential treatment for AD.  Multiple efforts have 
focused on β-amyloid, aiming to block production 
within the amyloid processing pathway or to remove 
β-amyloid plaques from the brain.  Tau pathology has 
also been targeted, but fewer candidate treatments have 
been brought forward compared with those directed at 
β-amyloid.   

Most efforts targeting amyloid have employed either 
antibodies or small molecules aimed specifically at either 
the β-amyloid or tau pathway, but not both.  However, 

a defining feature of amyloid, including β-amyloid 
in plaque and tau tangles, irrespective of the specific 
underlying misfolded protein, is the characteristic 
structure based on β-pleated sheets (1).  By targeting and 
binding this common structure, it may be possible with 
a single molecule to reduce multiple different forms of 
brain amyloid.  The serendipitous discovery of amyloid 
binding by the bacteriophage M13 and the isolation of 
this activity to a specific domain of a capsid protein 
led to development of novel therapeutic proteins as 
investigational treatments for AD and other disorders 
associated with pathological amyloid deposition (2).

NPT088 is a fusion protein that in vitro and in animals 
binds multiple species of amyloid via its binding to 
the canonical amyloid fold (2,3).   Briefly, NPT088 is 
composed of a binding domain derived from a minor 
capsid protein of the bacteriophage M13 fused to a 
human IgG1 Fc that is intended to mobilize clearance 
mechanisms following amyloid binding.  In transgenic 
mouse models of neurodegenerative diseases, NPT088 
reduces brain deposits of β-amyloid plaque and tau 
aggregate burden (4).  Thus, unlike most antibodies, 
which target β-amyloid or tau but not both, NPT088 
could potentially reduce both β-amyloid and tau burden 
in patients by virtue of its ability to bind broadly across 
amyloid species.  

Single doses of NPT088 up to 30 mg/kg administered 
to healthy volunteers were well-tolerated with a plasma 
half-life of ~12 days (Proclara, unpublished data).  We 
report here results of a multiple dose study in patients 
with AD assessing the safety and tolerability of NPT088, 
and exploring whether the reductions in β-amyloid 
plaque and tau observed in animal models could be 
translated into humans with AD.

Methods

The study was conducted at 19 sites in the United 
States.  Participants were men and women 50-85 of years 
of age with a Mini-Mental State Exam (MMSE) score 
between 16 and 27 inclusive and a clinical diagnosis 
of probable AD (5) confirmed by florbetapir PET scan 
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with either a composite SUVr > 1.2 or a positive central 
visual read (6).  Symptomatic medications for AD were 
permitted provided the dose had been stable for at least 
60 days.  All patients also underwent a screening MRI 
to rule out conditions that could confound the diagnosis 
of AD as the primary cause of dementia.  This was a 
double-blind, placebo-controlled study consisting of a 
6-month treatment period and a 2-month safety follow-
up.  Four doses of NPT088 or placebo, intravenously 
administered monthly with a randomization ratio of 
NPT088:placebo of 2:1, were examined in sequential 
cohorts.  The initial 2 cohorts (0.6 mg/kg and 2.0 mg/
kg, respectively) were smaller and intended to provide 
initial safety and tolerability prior to dosing the 3rd and 
4th cohorts (6 mg/kg and 20 mg/kg respectively).  In 
addition to adverse event assessment, safety measures 
included MRI at baseline, 3 months and endpoint, and 
routine laboratory examinations.  PET imaging with 
florbetapir-F18 PET imaging was repeated at Week 24 
to evaluate potential changes in β-amyloid plaques, 
administered as a single intravenous bolus of 10 mCi 
(370 MBq) (± 10%) followed by acquisition of dynamic 
PET florbetapir PET scans at 50 to 65 minutes post-
administration. Florbetapir binding was measured 
using PMOD software (PMOD Technologies, Zurich, 
Switzerland) to determine the composite cortical standard 
uptake value (SUV) ratio compared to a cerebellar 
reference region. Tau PET imaging was conducted 
at screening and then again at week 24 in a subset of 
patients to evaluate potential changes in brain tau 
aggregate loads.  The investigational radiopharmaceutical 
MNI-960 (PI2620 under development by Life Molecular 
Imaging and Invicro) (7) was administered as a bolus 
of no more than 10 mCi followed by serial dynamic 

3-D brain PET acquired for up to 180 minutes. MNI-960 
binding was measured using PMOD software (PMOD 
Technologies, Zurich, Switzerland) to determine the both 
the regional standard uptake value (SUV) ratio compared 
to a cerebellar reference region. Other exploratory 
measures included measures of cognitive and functional 
change, including ADAS-Cog 13, ADCS-ADL, and CDR-
SB at weeks 12 and 24.  Plasma pharmacokinetics and 
anti-drug antibodies were also assessed.  The study was 
reviewed and approved by each site’s institutional review 
board, and each patient provided written informed 
consent to participate.  The study was monitored by 
an independent data monitoring committee that that 
reviewed each cohort’s data prior to approving initiation 
of the next dose.  

The protocol-specified primary objective was to 
evaluate the safety and tolerability of multiple doses 
of NPT088. β-amyloid and tau PET and cognitive and 
functional measures were exploratory endpoints.  The 
protocol had 80% power to detect adverse events that 
occurred in 9.6% or more patients in either of the two 
lower dose cohorts or in 3.6% or more of patients in the 
combined higher dose cohorts.  Based on the results of 
Sevigny et al (8), at the planned sample size of 16 active 
and 8 placebo patients for each of the higher dose cohorts, 
the study was expected to have a power of 88% to detect 
a mean difference of 0.15 SUVr units in β-amyloid  plaque 
between the active and placebo groups, assuming a 
dropout rate of up to 15% in the florbetapir PET analysis.  
For safety analyses, all randomized patients who received 
at least one dose of study drug were included.  For PET 
and symptom measures all randomized patients who had 
at least one post-baseline measurement were included 
and were analyzed by ANCOVA that included MMSE 

Table 1. Patient Characteristics and Key Outcomes
Patient Characteristics Placebo (N=26) 0.6 mg/kg (N=6) 2.0 mg/kg (N=6) 6.0 mg/kg (N=25) 20 mg/kg (N=20)

Age  Mean (SD) 73.5 (8.17) 73.7 (4.08) 76.7 (5.09) 70.4 (8.41) 74.3 (7.77)

M/F 7/19 2/4 2/4 7/18 9/11

MMSE  Mean (SD) 21.2 (3.05) 21.2 (2.86) 20.2 (2.64) 21.1 (3.05) 20.4 (3.20)

Cognitive/Functional Outcomes Placebo (N=26) 0.6 mg/kg (N=6) 2.0 mg/kg (N=6) 6.0 mg/kg (N=25) 20 mg/kg (N=20)

ADAS Cog13 (higher scores = worsening)

Baseline (mean (SD)) 32 (7.6) 34.5 (10.3) 34.8 (3.0) 31.5 (2.0) 31.0 (1.8)

LS Mean Change to Endpoint (95% CI) -0.8 (-4.1, 2.4) 2.4 (-6.5, 11.3) 7.6 (-1.1, 16.3) 0.6 (-4.1, 5.3) 0.8 (-4.2, 5.8)

Mean Difference from placebo (95% CI) -3.2(-13.4, 7.1) -8.4 (-18.3, 1.5) -1.4 (-5.7, 2.9) -1.6 (-6.3, 3 .2)

CDR-SB (higher scores = worsening)

Baseline (Mean (SD)) 4.4 (1.3) 4.9 (1.5) 5.5 (1.8) 4.6 (1.2) 5.2 (1.9)

LS Mean Change to Endpoint (95% CI) .5 (-0.2, 1.3) 1.6 (-0.4, 3.6) 1.3(-0.7, 3.2) 1.0(-0.1, 2.0) 0.4 (-0.7, 1.5)

Mean Difference from placebo (95% CI) -1.1 (-3.3, 1.2) -0.7 (-3.0, 1.5) -0.5(-1.5, 0.6) -0.1(-1.0, 1.3)

ADCS-ADL(lower scores = worsening)

Baseline (mean (SD)) 65.0 (8.8) 65.2 (4.8) 60.2 (8.9) 64.8 (7.7) 63.2 (8.2)

LS Mean Change to Endpoint (95% CI) 1.6 (-2.4, 5.7) -3.6 (-14.2, 7.0) -4.1 (-14.6, 6.4) -3.5(-9.2, 2.1) -4.5 (-10.5, 1.6)

Mean Difference from placebo (95% CI) -3.2 (13.4., 7.1) -8.4(-18.3, 1.5) -1.4(-5.7, 2.9) -1.6(-6.3, 3.2)
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strata as a covariate.  A mixed model repeated measure 
approach was used for outcomes measured at more than 
one timepoint.  

Results

A total of 85 patients were randomized to treatment.  
Of these, 83 (27M/56F) received study drug and were 
included in the safety analysis population, and 66 
(78%) completed the study.  Patient characteristics are 
summarized in Table 1.   

Safety and tolerability

Adverse events were generally consistent with those 
expected in a population of AD patients and did not 
suggest differences between placebo and NPT088 with 
the exception of systemic hypersensitivity reactions 
related to infusion reactions, of which 17 were reported 
in 12 unique patients, all of whom received NPT088 
(0.6 mg/kg: 2/6 patients (33%); 2.0 mg/kg: 2/6 patients 
(33%); 6.0 mg/kg: 6/37 patients (16%); 20 mg/kg: 2/30 
patients (7%)).  Using the National Cancer Institute’s 
common terminology criteria for adverse events, 
version 4.03, 11 events were graded as mild, 3 as 
moderate and 1 as severe, and resulted in 5 of these 12 
patients discontinuing the study early.  Routine safety 
laboratories, including chemistry, hematology and ECG, 
did not suggest meaningful differences between groups.  
NPT088 was not associated with an increase in treatment 
emergent ARIA-E or ARIA-H compared with placebo.

Pharmacokinetic Results and Anti-drug 
Antibodies

NPT088 Cmax and AUC increased with increasing 
dose in a dose proportional manner.  At the 20 mg/
kg dose, mean (SD) Cmax was 538 (139) µg/ml after the 
final dose, mean plasma half-life was approximately 
10 days, and drug did not accumulate with repeated 
dosing.  Anti-drug antibodies were undetectable or low 
in most patients, and no difference in plasma NPT088 
concentrations was observed between those patients 
in whom antibodies were detected and those without 
detectable antibodies.

PET Scans

At endpoint, the results of the florbetapir and MNI-960 
PET scans did not demonstrate an effect of NPT088 on 
either β-amyloid plaque or tau aggregates (Figure 1).      

Cognitive and Functional measures: Results for 
cognitive and functional measures did not demonstrate 
an effect of NPT088 (Table 1).  

Discussion

This study was designed to assess the safety 
and tolerability of multiple doses of NPT088, and to 
explore whether preclinical data demonstrating effects 
on β-amyloid plaque and tau aggregates could be 
demonstrated in humans with AD.  The results of the 
study showed that NPT088 was generally safe and well-
tolerated.  The only apparently drug-specific adverse 
effects were systemic infusion reactions, a predicted risk 
of administration of a drug derived from a non-human 

Figure 1. PET change from baseline

Legend: Change from baseline SUVr in β-amyloid (L) and tau burden (R) with mean (95% CI) after 24 weeks
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phage protein.  Reactions occurred in approximately 20% 
of patients assigned to active drug, and the majority were 
mild and did not preclude further treatment.  One severe 
reaction was observed in a patient who experienced a 
drop in blood pressure, loss of consciousness and seizure-
like activity during an episode that resolved within 
minutes without treatment and without sequelae.  

The study did not demonstrate an effect of NPT088 to 
reduce either β-amyloid plaque or tau aggregate burden. 
With respect to β-amyloid, the failure to translate the 
animal findings into humans could be due to several 
factors.  One possibility is that small effects were present 
but undetected due to sample size or other unknown 
issues.   It may also be that the ability of NPT088 to 
bind β-amyloid plaque in humans differs from that in 
animal models, and that NPT088 was ineffective as a 
result, or that exposure to drug was suboptimal.  In a 
single dose study in healthy humans, cerebrospinal fluid 
(CSF) exposures of NPT088 were 0.1%-0.25% of those in 
plasma (Proclara, unpublished data).  The peak mean 
concentration of 538 µg/ml after the final dose in the 
20 mg/kg group would correspond to ~5 nM in CSF, a 
concentration at which efficacy was observed in animals.  
However, trough concentrations of NPT088 were 
negligible at all doses, and if exposures continuously at 
or near Cmax are required for efficacy, this could account 
for the absence of a positive finding.  

With respect to tau, the study encountered execution 
challenges related to limited MNI-960 production 
facilities, and the number of patients who received tau 
scans was much smaller than originally anticipated, 
making detection of any but the largest effects unlikely.  
Although uninformative about treatment effects, the 
results do provide data about the performance 
characteristics of MNI-960 in a patient population.  A 
detailed discussion of these results will be the topic of a 
separate report.

In the absence of effects on either β-amyloid plaques 
or tau, the absence of changes in cognition or function 
is unsurprising.  Given the relatively small number 
of patients in each group and the 6-month treatment 
duration, changes relative to placebo in cognitive and 
functional effects were not expected unless the drug led 
to dramatic improvements over baseline or, alternatively, 
a marked worsening.  As evidenced by the results, neither 
of these occurred, although we cannot definitively rule 
out the possibility that smaller, undetected changes were 
present. 

In summary, the results of this study indicate that 
apart from hypersensitivity reactions NPT088 is well 
tolerated in an AD population.  Exploratory analyses did 
not yield evidence that NPT088 reduces β-amyloid or tau 
burden in humans with AD.  
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