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ABSTRACT 

A randomized, double-blind, placebo-controlled, 52-week study (NCT03068468) evaluated 

gosuranemab, an anti-tau monoclonal antibody, for progressive supranuclear palsy (PSP). In 

total, 486 participants dosed were assigned to gosuranemab (n=321) or placebo (n=165). 

Efficacy was not demonstrated on adjusted mean change of PSP Rating Scale score at week 

52 between gosuranemab and placebo (10.4 versus 10.6; P=0.85; primary endpoint) or 

secondary endpoints, resulting in discontinuation of the open-label long-term extension. 

Unbound N-terminal tau in cerebrospinal fluid decreased by 98% with gosuranemab and 

increased by 11% with placebo (P<0.0001). Incidences of AEs and deaths were similar between 

groups. This well-powered study suggests N-terminal tau neutralization does not translate to 

clinical efficacy. 
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Introduction 

Progressive supranuclear palsy (PSP) is a rare, aggressive, rapidly progressing, 

neurodegenerative primary tauopathy characterized by physical and cognitive impairments.1,2 In 

Richardson syndrome, the first-described and most recognized and common form of PSP,1,3

patients typically display symptoms of postural instability, falls, slowing of vertical saccades, 

axial rigidity and neuropsychiatric changes2,4,5 beginning at a mean of 67.2 years of age,6 with 

additional symptoms, including dysphagia, emerging as the disease progresses.4 There are no 

approved therapies for either the neuroprotective or symptomatic management of PSP, and 

death occurs within a median of 7.3 years after symptom onset.1,6 This compares with a life 

expectancy of approximately 17.7 years for the US population at age 67 

(https://www.ssa.gov/oact/STATS/table4c6.html). Neuropathological examination remains the 

gold standard for diagnosing PSP7 and reveals abnormal deposits of predominantly four-

microtubule binding domain repeat (4R) tau protein in the brainstem, deep cerebellar nuclei, 

basal ganglia and neocortex.8 The location of these abnormal tau deposits, which include 

astrocytic tufts, neurofibrillary tangles and oligodendrocytic coiled bodies,9 varies among the 

PSP phenotype variants and correlates with disease severity and other clinical features of the 

disease.8

Tau is primarily an intracellular protein10; however, a variety of tau fragments can be 

found extracellularly.11,12 N-terminal tau fragments (i.e., tau lacking the microtubule binding 

region and C-terminus sequences) are especially abundant in cerebrospinal fluid (CSF).12,13

Studies in which mice developed tau pathology after being injected with recombinant 4R tau or 

specimens from individuals with 4R tauopathies14-16 suggest that abnormal tau, i.e., extracellular 

N-terminal tau, may drive the spread of tau pathology from neuron to neuron in tauopathies 

such as PSP and Alzheimer’s disease.10
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Gosuranemab (formerly BMS-986168/IPN007/BIIB092) is a humanized immunoglobulin 

G4P monoclonal antibody directed against the N-terminal tau released by neurons and found 

extracellularly in the interstitial fluid (ISF) and CSF. Gosuranemab has shown high affinity for 

fibrillar tau derived from patients with PSP and Alzheimer’s disease, and transgenic mice 

(rTg4510) dosed weekly for 8 weeks with IPN002, a murine version of gosuranemab, had 

reduced levels of unbound tau in CSF and ISF at 57 days (Golonzhka, O. et al. Functional 

characterization of anti-tau monoclonal antibody BIIB092. International Conference on 

Alzheimer’s and Parkinson’s Diseases. March 26–31, 2019; Lisbon, Portugal). Similarly, 

cynomolgus monkeys administered a single dose of gosuranemab had reductions in unbound 

N-terminal tau in ISF (Czerkowicz, J. et al. Pharmacokinetic and target engagement analysis of 

anti-tau antibody gosuranemab [BIIB092] in cynomolgus monkey central nervous system fluid 

compartments. Alzheimer’s Association International Conference. July 14 – 18, 2019; Los 

Angeles, CA USA). In a phase 1 study, single doses of gosuranemab in healthy participants 

reduced unbound CSF N-terminal tau by an average of up to 97% at day 29, with doses of >210 

mg producing persistent unbound N-terminal tau suppression over 12 weeks, with no deaths, 

serious adverse events (AEs) or discontinuations due to an AE.17 In participants with PSP, a 

randomized, placebo-controlled, multiple ascending dose study revealed that gosuranemab 

treatment at doses up to 2,100 mg for 12 weeks was well tolerated and reduced CSF unbound 

N-terminal tau by an average of 90% at all doses, indicating target engagement.18 We aimed to 

explore the hypothesis that neutralization of central nervous system N-terminal tau using a 

targeted N-terminal antibody would be an effective therapy for the primary tauopathy PSP. 

Here, we report the outcomes of the placebo-controlled 52-week period of the PASSPORT 

study (NCT03068468), which was conducted to evaluate the efficacy, safety and tolerability of 

gosuranemab in participants with PSP.
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Results 

Six hundred sixty-two individuals were assessed for eligibility; 490 were randomized and 

the 486 participants dosed were assigned to receive gosuranemab (n = 321) or placebo (n = 

165; Extended Data Fig. 1). Demographic characteristics were similar in the two treatment 

groups (Table 1). The mean (SD) time from onset of symptoms was 3.24 (1.38) years and the 

mean (SD) time since diagnosis was 1.66 (1.34) years. Overall, the proportion of participants 

receiving Parkinson’s disease medications at baseline was 71%. The mean (SD) baseline score 

on the 28-item Progressive Supranuclear Palsy Rating Scale (PSPRS) was 36.7 (10.34) and on 

the Clinical Global Impression of Severity (CGI-S) was 4.0 (0.91); 71.4% of participants scored 

>170 seconds on the Color Trails Test part 2.  

There was no significant difference between the gosuranemab and placebo groups in 

the primary efficacy endpoint: change from baseline at week 52 in the PSPRS score (Table 2, 

Fig. 1). Exploratory analyses of the primary efficacy endpoint including adding Color Trails 2 test 

by visit interaction and adding Color Trails 2 test by visit interaction, Color Trails 2 test by 

treatment interaction, and Color Trails 2 test by visit by treatment group interaction to the 

primary mixed model repeated measures model showed similar results (Supplementary Table 

S1). Because enrollment was low in a few countries (Supplementary Table S2), no exploratory 

analysis that including country as a fixed effect in the model was performed because this may 

have resulted in model convergence issues. Similarly, no significant differences were seen 

between treatment groups in the key secondary efficacy outcomes of adjusted mean change 

from baseline in the International Parkinson and Movement Disorder Society–sponsored 

revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) Part II score and PSP 

cognitive composite z-score, adjusted mean Clinical Global Impression of Change (CGI-C) 

score, and adjusted mean change in score from baseline in the Progressive Supranuclear Palsy 

Quality of Life scales (PSP-QoL) (Table 2). No differences between treatment groups in 
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absolute change from baseline in all magnetic resonance imaging (MRI) volumetric measures 

were observed (Table 2). 

Serum and CSF gosuranemab concentrations increased after the administration of 

gosuranemab. Changes in CSF unbound N-terminal tau were significantly different between the 

gosuranemab and placebo groups, with an adjusted mean decrease of 98.11% at week 52 for 

the gosuranemab group and an adjusted mean increase of 10.96% for the placebo group (P < 

0.0001; Table 2; Supplementary Fig S1a). No difference between treatment groups was seen in 

other exploratory biomarkers, including neurofilament light chain (Table 2; Supplementary Fig 

S1b). 

Safety results are presented in Table 3. Incidence of AEs, serious AEs, AEs leading to 

study drug discontinuation and deaths were similar between the placebo and gosuranemab 

groups. There were 16 (4.9%) and 8 (4.9%) deaths in the gosuranemab and placebo groups, 

respectively, during the placebo-controlled period. The most common causes of death (in at 

least two participants) were PSP (gosuranemab, n = 4); aspiration pneumonia (placebo, n = 4; 

gosuranemab, n = 2), failure to thrive (gosuranemab, n = 2), pneumonia (gosuranemab, n = 2) 

and respiratory failure (placebo, n = 2); unknown cause of death was reported for two 

gosuranemab-treated participants. The most common AEs (≥10% in either group) were fall, 

urinary tract infection, skin laceration, contusion, constipation and headache (Table 3). Among 

AEs that occurred in at least 5% of participants in either group, those with an incidence at least 

2% higher in gosuranemab- than placebo-treated participants were, respectively, fall (59.3% 

and 53.7%), skin laceration (13.3% and 11.1%), skin abrasion (8.6% and 6.2%), 

musculoskeletal pain (5.9% and 3.7%) and pneumonia (5.2% and 3.1%) (in gosuranemab and 

placebo, respectively; Table 4).  

While the preferred term of pneumonia was more common in the gosuranemab group 

relative to placebo, the opposite pattern was observed for aspiration pneumonia (gosuranemab: 

1.9%, placebo: 4.9%). Post hoc analyses showed that the incidence of pneumonia or aspiration 
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pneumonia (gosuranemab: 6.5%, placebo: 8.0%) and that of more broadly defined events of 

infectious pneumonia/lower respiratory infection and aspiration events (gosuranemab: 12.7%, 

placebo: 15.4%) were similar between the treatment groups (Table 5).  

Because falls are common in patients with PSP, not all falls were required to be reported 

as AEs in this study. Criteria for reporting falls as AEs included falls that were worsening, 

resulted in injury, were inconsistent with PSP or were associated with a concomitant medication. 

To explore whether the incidence of falls more generally (rather than only those reported as 

AEs) increased in the gosuranemab group, efficacy assessments were examined for evidence 

that falls were different between the treatment groups. A shift analysis of falls (item 5) in the 

PSPRS at week 52 indicated similar proportions of participants from the gosuranemab and 

placebo groups had shifts of their scores to worse than baseline (40.6% and 43.9%, 

respectively) and better than baseline (21.9% and 22.3%, respectively). Similarly, no differences 

between treatment groups were observed in efficacy data pertaining to balance (PSPRS item 

27) or gait (item 26).  

There were no hematology or serum chemistry grade 3 or 4 abnormalities that occurred 

in 2% or more of gosuranemab-treated participants and were more common than in placebo-

treated participants.

DISCUSSION 

In this well-powered phase 2 study, 52 weeks of gosuranemab treatment did not 

demonstrate benefit in patients with possible or probable PSP in the primary efficacy outcome 

(change from baseline at week 52 in PSPRS) or in any secondary efficacy outcomes, despite 

increases in serum and CSF gosuranemab concentrations and a mean percentage decrease of 

98% in CSF unbound N-terminal tau after gosuranemab administration. Disease progression as 

measured over 52 weeks on the PSPRS with both placebo (10.6 points/year) and gosuranemab 

(10.4 points/year) was similar to that of historical controls (approximately 11 points/year).19 The 
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overall incidence of AEs was similar in the placebo and gosuranemab groups. The most 

common AE in this study was fall, which was reported in 59.3% of gosuranemab and 53.7% of 

placebo participants, respectively. Given that falling is a core clinical feature of PSP,2,5 not all 

falls were required to be reported as AEs in this study. Analyses of falls based on PSPRS data, 

which would be expected to encompass falls more generally (rather than the subset reported as 

AEs), did not suggest a difference between the treatment groups. Furthermore, similar analyses 

of PSPRS data on gait and balance did not suggest differences between the groups that could 

account for a difference in fall risk. The incidence of fatal events was balanced between the 

placebo and gosuranemab groups, and causes of death were generally consistent with the 

underlying disease progression of PSP.20 The lack of efficacy of gosuranemab for slowing 

disease progression in PSP could be related to the study’s inclusion of patients at a stage of 

disease where neutralization of cell-to-cell transmission of tau no longer plays a role in disease 

progression, the inability of gosuranemab to neutralize central (and presumably C-terminal) 

fragments of tau that may be more strongly linked to toxic gain of function in tauopathies, an 

insufficient concentration in the brain parenchyma and ISF that may have higher concentrations 

of extracellular tau than CSF, or the possibility that cell-to-cell transmission of tau species 

demonstrated in preclinical models is not a major pathogenic component of human disease and, 

therefore, did not translate to this well-conducted human efficacy study. 

Progression of midbrain atrophy was similar between treatment arms and to that 

reported in previous studies,19,21 further indicating a lack of treatment effect at the anatomical 

level. Midbrain atrophy is a hallmark sign of PSP, which can differentiate PSP from other 

parkinsonian syndromes,22 and midbrain volume loss is the anatomical change most highly 

correlated with changes in PSPRS score at 52 weeks.23,24 Comparable rates of atrophy in other 

PSP-relevant brain regions were also observed in the two treatment arms. 
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On the basis of these negative efficacy findings, the unmet need for an efficacious 

treatment for PSP remains. Agents that have previously failed to demonstrate therapeutic 

benefit in large, double-blind trials include davunetide, a peptide hypothesized to promote 

microtubule stability and reduce tau phosphorylation that was investigated in a phase 2/3 

study,19 tideglusib, a glycogen synthase kinase 3 inhibitor investigated in a phase 2 study,25

riluzole, a glutamatergic signaling modulator26 investigated in a phase 3 study,27 and ABBV-

8E12, another N-terminal tau antibody investigated in a phase 2 study.28

The failure to demonstrate efficacy for gosuranemab in this study was not likely the 

result of weaknesses in study design, study duration or sample size. The study was well 

designed to detect any potential benefits of gosuranemab and featured various instruments and 

assessment tools, including those developed specifically for individuals with PSP (i.e., the 

PSPRS and PSP-QoL),6,29 together with instruments such as the MDS-UPDRS Part II and CGI-

C, which are used to assess physical disability and cognitive/mental impairment in other 

populations such as patients with Parkinson’s disease, Alzheimer’s disease or dementia.30 We 

also utilized the PSP cognitive composite battery, which was developed during the course of 

this study to evaluate cognitive deficits in PSP. The study duration and sample size were 

sufficient to detect a meaningful effect in PSPRS.   

Although neuropathology is the gold standard for PSP diagnosis, the study enrollment 

criteria optimized specificity and sensitivity by utilizing the National Institute of Neurological 

Disorders and Stroke and Society for PSP possible or probable diagnostic criteria, which have 

93–100% specificity and 50–83% sensitivity with autopsy-confirmed PSP cases,5,7 and by 

increasing the duration of progressive history of postural instability or falls from 1 to 3 years to 

improve sensitivity, consistent with the recent MDS diagnostic criteria for PSP.2 Participants 

enrolled in PASSPORT were similar to participants enrolled in other PSP clinical studies with 

regard to age, sex and baseline disease characteristics, including scores on the PSPRS, MDS-
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UPDRS Part II, CGI-S and Mini-Mental State Examination.19,25 However, the National Institute of 

Neurological Disorders and Stroke and Society for PSP criteria (as well as the MDS criteria) 

cannot differentiate PSP-Richardson syndrome from PSP-parkinsonism,31 which may have 

biased the results because PSP-Richardson syndrome progresses faster with regard to survival 

time and frequency of cognitive deficits.32

Instead, the lack of efficacy may be due in part to the relatively advanced stage of 

disease of the PSP study population, although the time since diagnosis was shorter than in the 

tideglusib study (1.66 years versus 3.2 years).25 Baseline scores on various instruments and 

assessments indicate participants had moderate disease severity and impaired motor activity 

and cognitive function.6,33,34 Therefore, identification of individuals earlier in the disease process 

may provide a study population more amenable to therapy. However, including patients at an 

earlier stage remains challenging because of the disease’s latency from onset to diagnosis.35

There was an approximately 1.5-year average delay from symptom onset to diagnosis of PSP in 

the PASSPORT study population. Differentiating PSP from similar diseases is challenging, 

especially early in the course of the disease before pathognomonic signs have developed; an 

initial diagnosis of Parkinson’s disease can lead to a significant delay in the diagnosis of 

PSP.4,36,37

The MDS PSP diagnostic criteria were developed to optimize early, sensitive and 

specific clinical diagnosis of probable, possible, or suggestive of PSP,2 and were shown to have 

an overall 88% sensitivity and 86% specificity in an autopsy-based cohort.38 The criteria 

expanded the clinical spectrum of PSP by incorporating conditions suggestive of PSP and a 

variety of symptomatic phenotypes,2 but the rate of progression of these phenotypes on the 

PSPRS is unknown. Further work in developing reliable fluid or imaging biomarkers specifically 

for 4R tauopathies such as PSP, for early and accurate differential diagnosis, will enable clinical 

trials at initial stages of disease, when therapies are more likely to be efficacious.
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Neuropathological, genetic and preclinical data point to a causative role for tau in PSP, 

supporting tau as a therapeutic target.1,14,16,39 Findings from an earlier study of gosuranemab in 

participants with PSP were promising; pharmacokinetic and pharmacodynamic data indicated 

gosuranemab penetrated the central nervous system and bound to and reduced levels of 

unbound N-terminal tau.18 In this study, following monthly administration of gosuranemab 

2,000 mg, a robust and persistent lowering of CSF unbound N-terminal tau by a mean of 98% 

was observed at week 52, demonstrating strong target engagement in the CSF of participants 

with PSP. Thus, because there are no biomarkers available for identifying PSP patients early in 

the disease, and these patients have well-established clinical characteristics of PSP, it is 

possible that the proposed cell-to-cell spread via extracellular N-terminal is well advanced, and 

intervention with gosuranemab at this stage of disease does not result in clinical benefit. 

Alternatively, while preclinical data have supported the hypothesis that tau pathology 

spreads via extracellular transmittable tau species,10 and shown that N-terminal tau bound to 

gosuranemab is ‘neutralized’ in primary mouse neurons and subsequent neuronal uptake or 

spreading is reduced,40 these findings did not translate to an effect on slowing disease 

progression in human PSP patients. Since cell-to-cell spread of extracellular tau species has 

never been demonstrated in a living human, it remains possible that this phenomenon is not 

central to the pathology of PSP and other tauopathies, but is a byproduct of the pathophysiology 

of human tauopathies. In animal models, tau species are predominantly N-terminal and mid-

region fragments of tau. Extracellular tau can impact the electrophysiological activity of 

neurons.41-43 In animal models, pathologic tau may be released into the extracellular space and 

internalized by neighboring cells where they can seed intracellular tau aggregation and may 

spread along neuronal networks to interconnected neurons and adjacent glial cells from one 

neuroanatomically connected brain region to another and thus propagate tau pathology.10,44,45

The hypothesis of transcellular tau spreading is supported by data showing that exogenously 
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applied recombinant tau fibrils or tau aggregates present in homogenates prepared from brains 

of patients with AD can enter cells in culture or in vivo and seed tau pathology.46,47

 Although CSF tau levels are not increased in PSP patients, preclinical evidence 

suggests a gradient exists between CSF extracellular tau levels and ISF tau levels.  In 

nonhuman primates and transgenic mice (Tg4510), the mean levels of unbound N-terminal tau 

are approximately 10–20 fold higher in ISF as compared with ventricular or lumbar CSF 

(Czerkowicz, J. et al. Pharmacokinetic and target engagement analysis of anti-tau antibody 

gosuranemab [BIIB092] in cynomolgus monkey central nervous system fluid compartments. 

Alzheimer’s Association International Conference. July 14 – 18, 2019; Los Angeles, CA USA; 

Czerkowicz, J. et al. Anti-tau antibody BIIB092 binds secreted tau in preclinical models and 

Alzheimer’s Disease cerebrospinal fluid. Alzheimer’s Association International Conference. July 

22–26, 2018, Chicago, IL USA).  It was hypothesized that an increase in extracellular N-terminal 

tau levels may be present in PSP ISF even though that is not detected in CSF. In addition, 

studies characterizing BIIB092’s ability to attenuate tau spreading (Golonzhka, O. et al. 

Functional characterization of anti-tau monoclonal antibody BIIB092. International Conference 

on Alzheimer’s and Parkinson’s Diseases. March 26–31, 2019; Lisbon, Portugal) suggested that 

extracellular tau has a role in PSP pathogenesis.  For example, immunodepletion studies in 

clinical samples demonstrated that BIIB092 immunodepletes seeding competent tau from PSP 

and AD brain homogenates and BIIB092 immunodepleted seeding competent tau present in 

postmortem PSP CSF samples and resulted in a decrease in tau aggregation.  

Therefore, while the N-terminal tau target was engaged by gosuranemab, and led to a 

neutralization of N-terminal tau, this may not have led to a change in concentration of N-terminal 

tau fragments. The possibility exists that N-terminal tau bound to gosuranemab, although not 

reduced, is inactive and is no longer a component of transmissible tau in PSP. As different 

strains of transmissible tau and varying tau aggregate structures are found in different 
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tauopathies,16,48 it is possible that the strain of transmissible tau diverges in the preclinical tau 

transgenic mouse models (in which gosuranemab demonstrated an effect) from those found in 

patients with PSP, where no effect was seen. Of note, the N-terminal targeted antibody 

tilavonemab (ABBV-8E12), which targets a similar epitope to gosuranemab, also failed to 

demonstrate any clinical effects in a recent phase 2 clinical trial in PSP.49 The study was 

terminated early after an interim analysis showed no difference in change in PSPRS with 

tilavonemab (2000 mg or 4000 mg) versus placebo at Week 52. The authors speculated this 

may be the result of an inability of tilavonemab to target the pathological tau species responsible 

for PSP or achievement of only subtherapeutic levels of tilavonemab in the central nervous 

system. Since patients with PSP have comparable or lower levels of CSF tau (including N-

terminal tau) than age-matched controls or individuals with Alzheimer’s disease,50-52 it is also 

possible that monoclonal antibodies targeting N-terminal tau epitopes may be less efficacious in 

PSP than other tauopathies. Alternatively, the presence of tau in nonneuronal cells including 

astrocytes and oligodendrocytes, in the brains of PSP and other primary tauopathy patients,8,53

suggests an as yet unidentified mechanism, beyond or in place of transneuronal spread, could 

be more relevant in these patients. Therefore, alternative antibodies, antisense oligonucleotides 

and approaches that target other disease mechanisms, such as neuroinflammation and 

mitochondrial function, may be future therapies for PSP.54

We consider this study to be a high-quality dataset with multiple endpoints across 

multiple domains, in the largest population of patients with PSP studied to date. The number of 

patients lost to follow-up and frequency of missing data were lower than projected. 

Nevertheless, these findings have now revealed that high levels of gosuranemab bound to N-

terminal tau in the CSF do not translate to clinical efficacy in patients with PSP with average 

time from onset of symptoms of >3 years. Based on these results, Biogen has discontinued the 

development of gosuranemab for PSP and other primary tauopathies and has terminated the 
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open-label extension of this study. The development of gosuranemab for mild cognitive 

impairment due to Alzheimer’s disease or mild Alzheimer’s disease is ongoing in the phase 2 

TANGO study (NCT03352557).
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FIGURE LEGEND 

Fig. 1. Change from baseline in total PSPRS over 52 weeks (ITT population). A greater 

positive change indicates worsening of PSP. Adjusted mean ± SE (standard error) for each 

treatment group and P value at Week 52 (placebo, n = 139; gosuranemab, n = 278) was based 

on a mixed model for repeated measures change from baseline in PSPRS total score as 

dependent variable and with fixed effects of treatment group, time (categorical), treatment group 

by time interaction, baseline PSPRS, baseline PSPRS by time interaction, baseline Color Trails 

2 test (≤170 or >170 seconds) and region. According to the pre-specified hierarchical testing 

procedure, the primary endpoint was tested two-sided with an alpha level of 0.05. The baseline 

(post-baseline) sample sizes reflect the number of participants with a baseline and at least one 

post-baseline value (number of participants with a baseline and at least one post-baseline value 

at the visit of interest), respectively. 
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Table 1 Patient demographics and baseline disease characteristics (intention-to-treat population: placebo-controlled 
period) 

Characteristic Placebo 
n = 165 

Gosuranemab 
n = 321 

Total 
N = 486 

Age, years  68.9 (6.57) 68.7 (7.02) 68.7 (6.86) 

Sex, women  74 (44.8) 136 (42.4) 210 (43.2) 

Race, white 138 (83.6) 281 (87.5) 419 (86.2) 

Weight, kg n = 165 
75.3 (16.35) 

n = 318 
75.1 (16.14)

n = 483 
75.2 (16.20) 

Time since onset of symptoms, years 
3.39 (1.38) 3.16 (1.38) 3.24 (1.38) 

Time since diagnosis, years 1.80 (1.41) 1.59 (1.30) 1.66 (1.34) 

Tau haplotype 
    H1/H1 

H1/H2
145 (87.9) 

5 (3.0) 
271 (84.4) 
12 (3.7) 

416 (85.6) 
17 (3.5)

Concomitant antiparkinsonian medications 123 (74.5) 220 (68.5) 343 (70.6) 

Dopa and dopa derivatives  109 (66.1) 196 (61.1) 305 (62.8) 

Adamantane derivatives  31 (18.8)  58 (18.1) 89 (18.3) 

Total PSPRS score 37.3 (9.93) 36.4 (10.54) 36.7 (10.34) 

MDS-UPDRS Part II score n = 165 
23.0 (8.76)

n = 317 
22.0 (9.28)

n = 482 
22.4 (9.10)

PSP cognitive composite battery, z-score n = 164 
0.02 (0.66)

n = 319 
–0.03 (0.65)

n = 483 
–0.01 (0.65)

PSP-QoL n = 165 n = 318 n = 483 

Physical score 39.8 (18.24) 40.0 (20.15) 39.9 (19.50) 

Mental score 
24.4 (17.22) 24.5 (18.31) 24.5 (17.92)

VAS score 56.7 (25.10) 56.7 (22.38) 56.7 (23.32) 

SEADL score n = 164 
56.8 (20.4)

n = 319 
57.0 (21.7)

n = 483 
56.9 (21.3)

CGI-S score n = 164 
4.1 (0.86) 

n = 320 
4.0 (0.94)

n = 484 
4.0 (0.91) 

Color Trails 2 test ≤170 seconds 49 (29.7) 90 (28.0) 139 (28.6) 

Phonemic fluency test, words per minute 12.3 (7.54) 10.3 (5.89) 11.0 (6.56)

Letter-number sequencing test score 14.2 (5.55) 13.8 (5.37) 13.9 (5.43) 

Mini-Mental State Examination score n = 164 
26.5 (2.68) 

n = 319 
26.3 (2.69)

n = 483 
26.4 (2.69) 

Volume on MRIa, cm3

Lateral ventricles n = 153 
43.48 (21.893) 

n = 299 
41.14 (19.929) 

Whole brain  n = 158 
1,066.09 (103.556) 

n = 310 
1,073.89 (113.203) 

Midbrain  n = 162 
6.60 (1.013) 

n = 314  
6.69 (1.057) 

Pons n = 146 
13.46 (2.306)

n = 296 
13.61 (2.197) 

CSF unbound N-terminal tau, pg/mlb n = 37 
100.71 (62.816) 

n = 85 
103.51 (125.383) 

CSF neurofilament light chain pg/mlb n = 37 
3156.38 (2345.548)

n = 84 
2646.44 (1473.790)

Data are n (%) or mean (SD). aAnalysis in efficacy MRI population. bAnalysis in CSF pharmacodynamic analysis population, which 
consisted of those participants in the safety population who had at least one sample evaluable for exploratory CSF biomarkers. 
VAS, visual analog scale.
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Table 2 Change in outcome measures from baseline to week 52 (intention-to-treat population: placebo-controlled period) 
Endpoint Adjusted mean (SE) change at week 52 Adjusted mean 

difference (95% CI) 
P value 

Placebo 
n = 165 

Gosuranemab  
n = 321 

Primary endpointa
n = 139 n = 278 

Total PSPRS score 
10.6 (0.8) 10.4 (0.6) –0.2 (–2.0, 1.6) 0.8483 

Key secondary endpointsa

MDS-UPDRS Part II score n = 143 
6.7 (0.6) 

n = 270 
7.0 (0.4) 

0.4 (–1.0, 1.7) 0.6031 

CGI-C scoreb n = 138 
5.3 (0.1) 

n = 271 
5.2 (0.1) 

–0.0 (–0.2, 0.1) 0.7743 

PSP cognitive composite 
battery z-score 

n = 134 
–0.283 (0.032) 

n = 249 
–0.245 (0.024) 

0.038 
(–0.036, 0.112) 

0.3180 

PSP-QoL 

Physical score n = 142 
11.3 (1.5) 

n = 264 
11.2 (1.1) 

–0.2 (–3.6, 3.3) 0.9304 

Mental score n = 140 
5.6 (1.4) 

n = 264 
6.1 (1.0) 

0.5 (–2.8, 3.7) 0.7859 

VAS score n = 141 
–3.7 (1.8) 

n = 264 
–5.4 (1.3) 

–1.7 (–5.8, 2.5) 0.4297 

Other secondary endpoints 

SEADL scorea,c n = 140 
–13.7 (1.4) 

n = 277 
–11.7 (1.0) 

2.0 (–1.1, 5.2) 0.2084 

CGI-S scorea n = 140 
0.6 (0.1) 

n = 269 
0.6 (0.0) 

–0.0 (–0.2, 0.1) 0.5701 

Phonemic fluency test, words 
per minutea,c

n = 141 
–0.9 (0.4) 

n = 273 
0.0 (0.3) 

0.9 (–0.0, 1.8) 0.0517 

Letter-number sequencing test 
scorea,c 

n = 139 
–1.9 (0.4) 

n = 271 
–1.1 (0.3) 

0.9 (0.0, 1.7) 0.0387 

MRI, absolute volume changea,d, 
cm3

Lateral ventricles  n = 103 
3.823 (0.302) 

n = 222 
3.802 (0.216) 

–0.021 
(–0.726, 0.684) 0.9527

Whole brain  n = 101 
–18.612 (1.296) 

n = 210 
–19.126 (0.950) 

–0.514 
(–3.506, 2.478) 0.7357

Midbrain  n = 108 
–0.116 (0.008) 

n = 224 
–0.120 (0.006) 

–0.004 
(–0.023, 0.014) 0.6439

Pons n = 100 
–0.198 (0.017)

n = 223 
–0.198 (0.012) 

0.000 
(–0.039, 0.040) 0.9864

CSF unbound N-terminal taue,f n = 24 
10.96 (4.05) 

n = 61 
–98.11 (2.60) 

–109.07 
(–118.21, –99.93) <0.0001

CSF neurofilament light chaine,f n = 24 
8.94 (10.066)  

n = 59 
14.61 (6.513)

5.68  
(–17.665, 29.020) 0.6296

aData were analyzed using a mixed model for repeated measures, with change from baseline score as dependent variable and 
with fixed effects of treatment group, time (categorical), treatment group by time interaction, baseline value, baseline value by 
time interaction, baseline Color Trails 2 test (≤170 or >170 seconds) and region. bAdjusted mean (SE) at week 52. Data were 
analyzed using a mixed model for repeated measures, with CGI-C as dependent variable and with fixed effects of treatment 
group, time (categorical), treatment group by time interaction, baseline CGI-S, baseline CGI-S by time interaction, baseline 
Color Trails 2 test (≤170 or >170 seconds) and region. cChange at week 48. dAnalysis in efficacy MRI population. eAnalysis in 
CSF pharmacodynamic analysis population, which consisted of those participants in the safety population who had at least one 
sample evaluable for exploratory CSF biomarkers. fAdjusted mean (SE) percentage change at week 52. Data were based on 
an analysis of covariance model fitted with percentage change from baseline, adjusting for treatment group, baseline value, 
Color Trails 2 test (≤170 or >170 seconds) and region. VAS, visual analog scale. Primary and key secondary endpoints were 
tested according to the pre-specified hierarchical testing procedure. Since the primary endpoint was not significant (P >0.05), 
the testing was stopped after the primary endpoint. P-values reported for key secondary endpoints and all other endpoints were 
nominal. All P-values were tested two-sided. F statistics were used for the statistical testing with the Kenward-Rodgers method 
used for denominator degrees of freedom in the mixed model for repeated measures analyses.
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Table 3 Safety (safety population) 

Placebo  

n = 162 

Gosuranemab 

n = 324a

Primary safety endpoints 

Death 8 (4.9) 16 (4.9) 

Any serious AE  52 (32.1) 88 (27.2) 

Treatment discontinuation due to AE 18 (11.1) 24 (7.4) 

Any AE 151 (93.2) 301 (92.9) 

Mildb 44 (27.2) 87 (26.9) 

Moderateb 68 (42.0) 150 (46.3) 

Severeb 30 (18.5) 53 (16.4) 

Very severeb 9 (5.6) 11 (3.4) 

Frequent AEs (≥10% in either arm) 

Fall 87 (53.7) 192 (59.3) 

Urinary tract infection 32 (19.8) 57 (17.6) 

Skin laceration 18 (11.1) 43 (13.3) 

Contusion 24 (14.8) 42 (13.0) 

Constipation 15 (9.3) 36 (11.1) 

Headache 22 (13.6) 31 (9.6) 

Data are number (%) of participants having at least one event. AEs are listed by preferred 

term (Medical Dictionary for Regulatory Activities version 22.1). aThree participants 

randomized to placebo received one dose of gosuranemab and are included in the 

gosuranemab group for safety analyses. bEach participant counted once at maximum 

severity. 
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Table 4. AEs occurring in ≥5% of participants and serious AEs occurring in ≥2% of participants, in either group 
Placebo 
n = 162 

Gosuranemab  
n = 324a

AEs in ≥5% in either group 

Fall 87 (53.7) 192 (59.3) 

Urinary tract infection 32 (19.8) 57 (17.6) 

Skin laceration 18 (11.1) 43 (13.3) 

Contusion 24 (14.8) 42 (13.0) 

Constipation 15 (9.3) 36 (11.1) 

Headache 22 (13.6) 31 (9.6) 

Nasopharyngitis 14 (8.6) 28 (8.6) 

Skin abrasion 10 (6.2) 28 (8.6) 

Hematoma 12 (7.4) 24 (7.4) 

Diarrhea 9 (5.6) 23 (7.1) 

Head injury 8 (4.9) 21 (6.5) 

Arthralgia 7 (4.3) 19 (5.9) 

Musculoskeletal pain 6 (3.7) 19 (5.9) 

Dizziness 13 (8.0) 18 (5.6) 

Rib fracture 9 (5.6) 18 (5.6) 

Dysphagia 12 (7.4) 17 (5.2) 

Pain in extremity 7 (4.3) 17 (5.2) 

Pneumonia 5 (3.1) 17 (5.2) 

Insomnia 14 (8.6) 16 (4.9) 

Back pain 9 (5.6) 15 (4.6) 

Serious AEs ≥2% in either group 

Fall 10 (6.2) 41 (12.7)

Pneumonia 0 10 (3.1)

Aspiration pneumonia 8 (4.9) 6 (1.9)

Dysphagia 5 (3.1) 3 (0.9)

Data are number (%) of participants having at least one event. AEs are listed by preferred term (Medical 
Dictionary for Regulatory Activities, version 22.1.) 
aThree participants randomized to placebo received one dose of gosuranemab and are included in the 
gosuranemab group for safety analyses
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.Table 5. Additional pneumonia/aspiration analyses 

Placebo 

n = 162 

Gosuranemab  

n = 324a

Pneumoniab 5 (3.1) 17 (5.2) 

Aspiration pneumoniab 8 (4.9) 6 (1.9) 

Any pneumonia or aspiration 

pneumoniab

13 (8.0) 21 (6.5) 

Any event of infectious 

pneumonia/lower respiratory infection 

or aspirationc

25 (15.4) 41 (12.7) 

Data are number (%) of participants having at least one event.  

aThree participants randomized to placebo received one dose of gosuranemab and are 

included in the gosuranemab group for safety analyses. 

bThese analyses include only the preferred terms of “pneumonia” and “pneumonia 

aspiration,” as indicated. 

cThis analysis is based on the Infective Pneumonia Standardized Medical Dictionary for 

Regulatory Activities Query (narrow and broad preferred terms) plus preferred terms related 

to aspiration (“pneumonia aspiration,” “aspiration,” and “foreign body aspiration”). 



33 



34 

Methods 

Study design and participants 

In this randomized, double-blind, placebo-controlled, parallel-group phase 2 study, 

we evaluated the efficacy and safety of gosuranemab in adults with a diagnosis of probable 

or possible PSP and symptoms for 5 years or less at baseline. Diagnosis of PSP was based 

on a history of postural instability or fall during the first 3 years of symptom presence 

(consistent with the recent MDS PSP diagnostic criteria),2,55 the presence of vertical 

supranuclear gaze palsy or slow velocity of vertical saccades, and an akinetic-rigid 

syndrome.5 At screening, the main eligibility criteria were 41–86 years of age, body weight of 

43–120 kg, ability to ambulate independently or with limited assistance, a score of at least 20 

on the Mini-Mental State Examination score, living outside a nursing home or dementia care 

facility, and no other significant neurological or psychiatric disorders including Alzheimer's 

disease, dementia with Lewy bodies, prion disease, Parkinson's disease, hydrocephalus or 

clinically relevant cerebrovascular disease. Participants could not have been treated within 4 

weeks of screening or initiate treatment during the study with memantine, 

acetylcholinesterase inhibitors, antipsychotic agents or mood stabilizers. Dosing of 

antiparkinsonian drugs had to be stable for 60 days before enrollment and other chronic 

medications were to be stable for 30 days; all had to be held unchanged for the duration of 

the trial unless patient safety mandated a change. Participants were recruited at 90 

outpatient specialized movement disorders clinic study sites across 13 countries. Study visits 

(including screening visits) occurred between April 24, 2017 and September 6, 2019. 

The study protocol was approved by Advarra’s institutional review board 

(https://www.advarra.com/irb-services/sponsors-cros/) for 6 US sites: Rutgers Robert Wood 

Johnson Medical School, New Brunswick, NJ; University of Florida Center For Movement 

Disorders and Neurorestoration, Gainesville, FL; Banner Sun Health Research Institute, Sun 

City, AZ; University of South Florida - Morsani College of Medicine, Tampa, FL; QUEST 

Research Institute, Farmington Hills, MI; and St. Joseph's Hospital & Medical Center/Barrow 
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Neurology Clinics, Phoenix, AZ. For all other sites, the institutional review board or ethics 

committee at the institutions listed for the PASSPORT study group investigators approved 

the study protocol. Enrolled study participants and their caregivers provided written informed 

consent. The study was conducted in accordance with Good Clinical Practice principles. An 

independent Data Monitoring Committee composed of four independent clinicians and one 

independent statistician with neurological clinical trial experience was established to review 

unblinded safety data and make recommendations regarding continuation, modification or 

termination of the study for safety concerns. 

Randomization and blinding 

Enrolled participants were randomized in a 2:1 ratio to receive gosuranemab 

2,000 mg or placebo (dextrose 5%) administered intravenously every 4 weeks for 

approximately 48 weeks (up to 13 times). Randomization was performed centrally using 

interactive response technology and stratified by country and Color Trails56 test part 2 score 

at screening (≤170 seconds versus >170 seconds). All participants and study personnel 

were blinded to treatment assignment, with the exception of the pharmacists who prepared 

the study drugs and provided them to blinded personnel. At the end of the placebo-controlled 

period, participants could opt to continue into an open-label long-term extension period in 

which all participants received gosuranemab 2,000 mg every 4 weeks. No study drug dose 

escalations or reductions were permitted.  

Gosuranemab was provided by the study sponsor as a sterile solution for parenteral 

administration at a strength of 50 mg/ml. Each vial contained an extractable dose of 1000 

mg in 20 ml or an extractable dose of 2000 mg in 40 ml. Gosuranemab infusions were 

administered undiluted or after dilution in 0/9% saline or 5% dextrose for injection. 

Procedures 

Study visits occurred approximately every 4 weeks, at which times study drug was 

administered. Safety was monitored throughout the study. Urine and blood samples were 
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collected for laboratory tests at weeks 0, 4, 8, 12, 24, 36, 48 and 52; blood samples for 

pharmacokinetic analyses were also collected at weeks 0, 4, 24 and 48 (predose and end of 

infusion) and at weeks 12, 36 and 52 (predose only). CSF samples were collected at 

selected sites during screening and at week 52. Efficacy assessments were performed at 

weeks 0, 12, 24, 36, 48 and 52. Structural MRI using a magnetization-prepared 3D T1-

weighted sequence was performed during screening and at weeks 24 and 52. Volumetric 

quantification of PSP-relevant brain structures, specifically the lateral ventricles, whole brain, 

midbrain and pons, were performed using an atlas-based segmentation technique.57

Participants who discontinued study treatment early were encouraged to return to the clinic 

at week 52 to complete the scheduled assessments and received a follow-up call 30 days 

after their last dose for safety assessment. 

Outcomes 

The primary efficacy outcome was change from baseline in the PSPRS score at 

week 52 in participants treated with gosuranemab relative to participants treated with 

placebo. The PSPRS is a validated instrument that is sensitive to disease progression6 and 

comprises 28 items in the subscales of daily activity (history), mentation, bulbar, ocular 

motor, limb motor and gait/midline (score range: 0 [normal] to 100). The primary safety 

outcomes were frequency of deaths, serious AEs, AEs leading to discontinuation and grade 

3 and 4 laboratory abnormalities graded by numerical criteria from the Common Terminology 

Criteria for Adverse Events version 4.0.3.  

Key secondary efficacy endpoints included change from baseline at week 52 on the 

MDS-UPDRS Part II (Motor Experiences of Daily Living),30 CGI-C58 score at Week 52 and 

change from baseline at week 52 on the PSP cognitive composite battery and PSP-QoL.29

The MDS-UPDRS Part II is a validated 13-item questionnaire that assesses the motor 

aspects of experiences of daily living.30 The CGI-C measures change in a participant’s 

clinical status from a specific point in time on a 7-point scale, ranging from 1 (very much 

improved) to 7 (very much worse).58 The PSP cognitive composite battery identifies and 
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characterizes abnormal cognitive decline in participants with PSP within the domains of 

memory and learning, visual-motor function and working memory and executive. It is 

composed of 11 subtests of the Repeatable Battery for the Assessment of 

Neuropsychological Disease Severity (RBANS59; picture naming is excluded) plus letter-

number sequencing and phonemic fluency tests (J. Jaeger, T.D., L.Y., J.O., Y.L., S.B.H., 

C.J. Castrillo-Viguerra, manuscript in preparation). The PSP-QoL, a validated patient-

reported outcome measure developed specifically for people with PSP, consists of three 

subscales, including a 22-item cognitive subscale and a 23-item physical subscale that 

assess the physical and mental impact of the disorder, and a visual analog scale (VAS) that 

assesses the patient’s satisfaction with life overall. Items are given a 5-response option 

format (range, 0 [no problem] to 4 [extreme problem]) and the subscale sum scores are 

converted to a 0–100 scale.29

Other secondary endpoints included change from baseline at week 48 in the SEADL 

scale, an 11-point, single-item measure of overall functional independence (range: 100% 

[complete independence] to 0% [complete dependence; bedridden])60; change from baseline 

at week 52 in CGI-S, which measures PSP symptomatology on a 7-point scale ranging from 

normal to extremely ill18; and change at week 48 in a phonemic fluency test,61 in which 

participants have 1 minute to give as many words as possible that start with a selected letter. 

Absolute change from baseline in volumes of the lateral ventricles, whole brain, midbrain 

and pons were assessed at week 52 on MRI scans (secondary endpoint). The exploratory 

endpoints of gosuranemab concentrations in blood and CSF were quantified with a 

chemiluminescent immunoassay at QPS (Newark, DE, USA) and unbound N-terminal tau 

CSF concentrations were quantified using validated fit-for-purpose immunoassays (Meso 

Scale Diagnostics, Gaithersburg, MD, USA) as previously described.18

Statistical analyses 

Anticipating a dropout rate of approximately 25%, the sample size of 459 participants 

was determined to provide 80% power to detect a difference of 3.2 points in the change in 



38 

PSPRS total score from baseline to week 52 for gosuranemab relative to placebo, using a 

two-sided two-sample t-test with an alpha level set at 0.05 assuming a standard deviation of 

9.95.62 Efficacy analyses were performed in the intention-to-treat population, which consisted 

of all randomized participants who received at least one dose of blinded study medication, 

and were conducted according to assigned treatment groups. A prespecified hierarchical 

testing procedure in the following order was used to test key secondary endpoints for 

controlling the type 1 error rate: MDS-UPDRS Part II, CGI-C, PSP cognitive composite 

battery, and PSP-QoL. If statistical significance was not achieved for a key secondary 

endpoint, all key secondary endpoint(s) of a lower rank were not considered statistically 

significant. The efficacy endpoints were analyzed using a mixed model repeated measures 

model with fixed effects of treatment group, time (categorical), treatment group by time 

interaction, baseline value, baseline value by time interaction, region (US or non-US) and 

baseline Color Trails 2 test (≤170 or >170 seconds). Missing data were assumed to be 

missing at random. Additional exploratory analyses based on the primary mixed model 

repeated measures model were conducted by adding Color Trails 2 test by visit interaction; 

and by adding Color Trails 2 test by visit interaction, Color Trails 2 test by treatment 

interaction, and Color Trails 2 test by visit by treatment group interaction. The efficacy MRI 

population, which consisted of participants in the intention-to-treat population who had at 

least one measurable brain volumetric measurement, was used for the volumetric MRI 

analysis. There was no normalization of MRI volumes by intracranial volume. The same 

mixed model repeated measures model used for the efficacy endpoints was applied for the 

MRI analysis. Percentage change in CSF N-terminal tau and neurofilament light chain was 

analyzed in the CSF pharmacodynamic population (subset of the safety population with at 

least one sample evaluable for exploratory CSF biomarkers) using an analysis of covariance 

model fitted with change/percentage change from baseline, adjusting for treatment group, 

baseline CSF value, baseline Color Trails 2 test (≤170 or >170 seconds) and region. Serum 

and CSF gosuranemab concentrations were respectively analyzed in the serum and CSF 

pharmacokinetics analysis populations, which were the subsets of the safety population that 
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had at least one measurable postbaseline gosuranemab concentration in serum and CSF, 

respectively. Safety analyses were performed using safety treatment groups for treated 

participants (i.e., enrolled participants who received at least one dose of study treatment). If 

a participant received at least one dose of gosuranemab then they were included in the 

gosuranemab safety treatment group. If a participant only received doses of placebo, they 

were included in the placebo safety treatment group. The protocol described a possible 

interim analysis for efficacy before the last enrolled participant completed the week 52 visit; 

however, no interim analyses were done for the placebo-controlled period of the study. All 

analyses were done with SAS, version 9·4.  

Data availability 

To request access to data, please visit http://www.biogenclinicaldatarequest.com. The 

individual participant data collected during the trial, which supports the research proposal, 

will be available to qualified scientific researchers after anonymization and upon approval of 

the research proposal. Anonymisation of the datasets is necessary to allow data to be 

shared ethically and legally, and to maximize their significant social, environmental, and 

economic value, whilst preserving confidentiality of the individuals who participated in 

studies conducted by Biogen. An initial status update of the request will take approximately 

two (2) business days after the request's submission date. The requester will be notified of 

the outcome of the request in approximately thirty (30) business days. 
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Supplementary Table S1. Results for change from baseline in total PSPRS score at 

Week 52 for various exploratory analyses (intention-to-treat population) 
  Adjusted 

change from 
baseline at 
Week 52 in 

Placebo 

Adjusted 
change from 
baseline at 
Week 52 in 

gosuranemab 

Treatment 
difference vs 
placebo (SE) 

P value* 

Primary analysis MMRM 

model 

10.59 10.41 –0.18 (0.920) 0.8483 

Color Trails 2 test by 

visit interaction added 

10.01 9.67 –0.34 (0.910) 0.7082 

Color Trails 2 test by 

visit interaction, Color 

Trails 2 test by 

treatment interaction, 

and Color Trails 2 test 

by visit by treatment 

interaction added 

10.02 9.67 –0.36 (0.992) 0.7202 

*P values are nominal. All P values were tested two-sided. F statistics were used for the 
statistical testing with the Kenward-Rodgers method used for denominator degrees of 
freedom. 
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Supplementary Table S2. Summary of participants by treatment group and by country 

(intention-to-treat population) 

Country 
Placebo 
n = 165 

Gosuranemab  
n = 321 

Australia 1 0 

Austria 1 12 

Canada 6 10 

Germany 28 52 

Spain 24 40 

France 18 46 

United Kingdom 9 15 

Greece 3 4 

Italy 9 16 

Japan 16 23 

South Korea 2 6 

Russia 5 11 

United States 43 86 
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Supplementary Figure S1. Scatterplots of (a) CSF unbound N-terminal tau (pg/ml) and  

(b) CSF neurofilament light chain (pg/ml) for individual participants. Note: only 

participants who had both baseline and Week 52 data are included.  

 


