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TANGO: a placebo-controlled randomized 
phase 2 study of efficacy and safety of the 
anti-tau monoclonal antibody gosuranemab 
in early Alzheimer’s disease

In Alzheimer’s disease, the spread of aberrantly phosphorylated tau is an 
important criterion in the Braak staging of disease severity and correlates 
with disease symptomatology. Here, we report the results of TANGO 
(NCT03352557), a randomized, double-blind, placebo-controlled, parallel-
group and multiple-dose long-term trial of gosuranemab—a monoclonal 
antibody to N-terminal tau—in patients with early Alzheimer’s disease. The 
primary objective was to assess the safety and tolerability of gosuranemab 
compared to placebo. The secondary objectives were to assess the efficacy of 
multiple doses of gosuranemab in slowing cognitive and functional impairment 
(using the Clinical Dementia Rating Scale Sum of Boxes (CDR-SB) scores at week 
78) and evaluate the immunogenicity of gosuranemab (using the incidence 
of anti-gosuranemab antibody responses). Participants were randomized 
(n = 654); received (n = 650) low-dose (125 mg once every 4 weeks (q4w), n = 58; 
375 mg q12w, n = 58), intermediate-dose (600 mg q4w, n = 106) or high-dose 
(2,000 mg q4w, n = 214) gosuranemab or placebo (q4w, n = 214) intravenously 
for 78 weeks; and assigned to cerebrospinal fluid (n = 327) and/or tau positron 
emission tomography (n = 357) biomarker substudies. Gosuranemab had an 
acceptable safety profile and was generally well tolerated (incidence of serious 
adverse events: placebo, 12.1%; low dose, 10.3%; intermediate dose, 12.3%; high 
dose, 11.7%). The incidence of treatment-emergent gosuranemab antibody 
responses was low at all time points. No significant effects were identified in 
cognitive and functional tests as no dose resulted in a favorable change from 
the baseline CDR-SB score at week 78 compared to placebo control (adjusted 
mean change: placebo, 1.85; low dose, 2.20; intermediate dose, 2.24; high dose, 
1.85). At week 76, all doses caused significant (P < 0.0001) reductions in the 
cerebrospinal fluid levels of unbound N-terminal tau compared to placebo.

Alzheimer’s disease (AD) is a progressive neurodegenerative disease 
with a high unmet need1. It is characterized by extracellular deposition 
of amyloid-β and neurofibrillary tangles composed of hyperphospho-
rylated tau protein2–4. Tau is a microtubule-associated protein integral 

to normal neuronal structure and function, and tau phosphorylation 
regulates the function of this protein within the cell5–7. In AD, hyper-
phosphorylation of tau (pathological tau) leads to its dissociation from 
microtubules and may contribute to the formation of neurotoxic tau 
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incidence in the combined gosuranemab-treated groups than in the 
placebo group were falls (10.7% in the placebo group, 15.6% in the 
combined gosuranemab groups) and arthralgia (6.5% in the placebo 
group, 9.4% in the combined gosuranemab groups). The most common 
categories of AEs leading to discontinuation were nervous system dis-
orders (for example, cerebral hemorrhage, with an incidence of 1.4% 
in the placebo group and 1.1% in the combined gosuranemab groups) 
and neoplasms (2.3% in the placebo group, 0.7% in the gosuranemab 
groups); the only AE leading to discontinuation that was reported in 
more than one participant was seizure (one case in the placebo group, 
one case in the high-dose gosuranemab group). During the placebo-
controlled period, one death occurred in the placebo group (0.5%) and 
two deaths occurred across all gosuranemab groups (0.5%). One death 
(in the high-dose group) was considered treatment-related (subdural 
hematoma related to a possible fall); the other two deaths were not 
considered related to treatment (COVID-19 pneumonia in the placebo 
group, metastatic pancreatic carcinoma in the low-dose group).

The most notable change in magnetic resonance imaging (MRI) 
scans compared to baseline was the appearance of new microhemor-
rhages. The incidence of cerebral microhemorrhages was lower in the 
gosuranemab-treated groups (5.0%) than in the placebo group (11.4%).

Secondary endpoint results for cognitive and functional 
measurements (CDR-SB)
No significant difference in the CDR-SB score (a secondary endpoint) 
was observed between the gosuranemab groups and the placebo group. 
The difference between the treated groups and the placebo group at 
week 78 was –0.01 (P = 0.9778) for the high-dose group, 0.38 (P = 0.1965) 
for the intermediate-dose group and 0.34 (P = 0.2362) for the low-dose 
group. The adjusted mean change from baseline at week 78 was 1.85 
(95% confidence interval (CI) 1.48, 2.21) in the high-dose group, 2.24 
(95% CI 1.75, 2.72) in the intermediate-dose group, 2.20 (95% CI 1.72, 
2.67) in the low-dose group and 1.85 (95% CI 1.48, 2.22) in the placebo 
group; no dose–response was observed (Fig. 2).

Secondary endpoint results for immunogenicity
The incidence of treatment-emergent anti-gosuranemab antibody 
responses was low at all time points and similar between all gos-
uranemab dose groups and the placebo group. One participant in the 
intermediate-dose group (1.0%) and four participants in the placebo 
group (1.9%) had a positive treatment-emergent anti-gosuranemab anti-
body response at any time point after baseline and within the week 76 
visit. Persistent responses were observed in two participants in the pla-
cebo group (0.9%); no participants in the gosuranemab-treated groups 
showed a persistent response. Transient responses were observed in 
two participants in the placebo group (0.9%) and one participant in 
the intermediate-dose group (1.0%).

Exploratory endpoints: other key efficacy outcomes 
(cognitive and functional analyses)
In one exploratory endpoint, the change from baseline in the 13-item 
Alzheimer’s Disease Assessment Scale–Cognitive Subscale (ADAS-
Cog13) score at week 78, patients in the high-dose gosuranemab group 
performed statistically significantly worse than those in the placebo 
group (Extended Data Fig. 1a; difference = 1.69, P = 0.0378); however, 
no dose–response was observed for this measure (difference = 1.79, 
P = 0.0681 for the intermediate-dose group; difference = 1.73, P = 0.0719 
for the low-dose group). Moreover, at week 104 during the long-term 
extension (LTE) period, this difference (1.80) was not significant 
(P = 0.0907) (see the ‘Post hoc analysis of the aborted LTE period’ sub-
section). No other significant differences were observed between the 
gosuranemab groups and the placebo group in any other exploratory 
endpoints, such as Mini-Mental State Examination (MMSE) scores (dif-
ference = –0.35, P = 0.0446 for the high-dose group; difference = –0.81, 
P = 0.1415 for the intermediate-dose group; difference = −0.79, P = 0.1415 

aggregates8–11. The release of pathological tau from neurons is hypoth-
esized to drive the seeding and spreading of tau pathology from cell 
to cell10,12–14. The spread of tau pathology is an important criterion for 
Braak staging and closely correlates with disease symptomatology15. 
Thus, therapies that reduce the accumulation of pathological tau spe-
cies are hypothesized to delay AD progression.

Gosuranemab is a humanized immunoglobulin G4 monoclonal 
antibody to N-terminal tau16–18, and a study has shown that it binds to 
tau monomers and fibrils with high affinity18. In preclinical studies, gos-
uranemab robustly removed N-terminal tau from brain interstitial fluid, 
reducing tau aggregation in cells18. Therefore, gosuranemab has been 
hypothesized to potentially slow disease progression in tauopathies by 
preventing the uptake and neuronal transmission of the pathological 
tau responsible for neurodegeneration18.

The safety, efficacy, pharmacokinetics and pharmacodynamics 
of gosuranemab have been evaluated in previous clinical trials16,17,19. 
Two phase 1 studies (NCT02294851 and NCT02460094) found gos-
uranemab to be well tolerated and to demonstrate robust target 
engagement, reducing the levels of unbound N-terminal tau in the 
cerebrospinal fluid (CSF) of healthy volunteers and patients with pro-
gressive supranuclear palsy16,17. A phase 2 placebo-controlled study of 
gosuranemab in patients with progressive supranuclear palsy (PASS-
PORT, NCT03068468) reported similar safety profiles between the 
treatment and placebo groups; however, it did not demonstrate a 
benefit of gosuranemab in delaying disease progression19. A phase 1b 
basket trial of gosuranemab in patients with four primary tauopathies 
was initiated (TauBasket, NCT03658135) but terminated early owing to 
the lack of efficacy observed in the PASSPORT study20.

However, because AD is pathologically and clinically distinct from 
primary tauopathies21, we evaluated gosuranemab as an investigational 
agent in patients with AD in the TANGO study (NCT03352557). The pri-
mary objective of this study was to evaluate the safety and tolerability 
of gosuranemab in patients with mild cognitive impairment (MCI) due 
to AD and those with mild AD dementia. The study further tested the 
hypothesis that antibody engagement of extracellular N-terminal tau 
in the brain would slow AD progression.

Results
Participants
A total of 654 participants were randomized (updated from the pre-
planned 528 participants due to overenrollment caused by fast recruit-
ment) to one of four groups (650 participants were dosed): placebo 
(n = 214), low-dose gosuranemab (n = 58 in the 125 mg once every 4 
weeks (q4w) subgroup and n = 58 in the 375 mg q12w subgroup, n = 116 
total), intermediate-dose gosuranemab (600 mg q4w, n = 106) and 
high-dose gosuranemab (2,000 mg q4w, n = 214) (Fig. 1). Patient demo-
graphics at baseline were similar across treatment groups (Table 1). No 
apparent differences in baseline disease or biomarker characteristics 
were found across treatment groups (Table 2).

Primary endpoint results for gosuranemab safety and 
tolerability
Safety results are presented in Table 3. Overall, the incidence of adverse 
events (AEs) and serious AEs (SAEs) was similar across the treatment 
and placebo groups. Likewise, the reported incidence of infusion-
reaction AEs was similar for gosuranemab-treated (38.3%) and pla-
cebo-treated (36.9%) participants. The incidence of SAEs considered 
treatment-related (as determined by the investigator) was low for both 
gosuranemab-treated (0.5%) and placebo-treated (0.9%) participants. 
Rates of treatment discontinuation due to AEs were low overall and 
comparable between the placebo (5.1%) and combined gosuranemab 
(3.2%) groups.

The most common AEs (reported in at least 10% of participants 
in any single group) were falls, nasopharyngitis, arthralgia, head-
ache, diarrhea and constipation (Table 3). AEs with at least 2% higher 
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for the low-dose group), AD Cooperative Study–Activities of Daily Liv-
ing (ADCS-ADL) scores (difference = –0.06, P = 0.9429 for the high-
dose group; difference = –1.06, P = 0.3336 for the intermediate-dose 

group; difference = –1.47, P = 0.1685 for the low-dose group) and 
Functional Activities Questionnaire (FAQ) scores (difference = –0.4, 
P = 0.5320 for the high-dose group; difference = –0.52, P = 0.5100 for 

650 randomized and dosed

172 (80.4%) completed the studya

160 (74.8%) completed the study treatmenta

54 (25.2%) discontinued treatment
1 death
11 adverse events
1 study drug noncompliance
1 protocol deviation
3 randomization error
2 site terminated by sponsor
7 withdrawal by participant—study visit
        burden/scheduling conflicts
1 withdrawal by participant—concern about

study procedures/perceived risks
1 withdrawal by participant—relocation
6 withdrawal by participant—other 
3 withdrawal by guardian
2 physician decision—unrelated to safety
1 follow-up loss
14 other

214 allocated to placebo 116 allocated to low-dose gosuranemab 106 allocated to intermediate-dose gosuranemab 214 allocated to high-dose gosuranemab

27 (23.3%) discontinued treatment
1 death
5 adverse events
2 site terminated by sponsor
1 withdrawal by participant—study visit 

burden/scheduling conflicts
1 withdrawal by participant—relocation
1 withdrawal by participant—desire for 

change in treatment (unrelated to safety)
3 withdrawal by participant—other
2 withdrawal by guardian
1 follow-up loss
10 other

16 (15.1%) discontinued treatment
1 protocol deviation
1 randomization error
1 site terminated by sponsor
1 withdrawal by participant—study visit 

burden/scheduling conflicts
1 withdrawal by participant—concern about

study procedures/perceived risks
1 withdrawal by participant—relocation
4 withdrawal by participant—other
6 other

46 (21.5%) discontinued treatment
8 adverse events
2 protocol deviation
2 site terminated by sponsor
5 withdrawal by participant—study visit 

burden/scheduling conflicts
3 withdrawal by participant—concern about 

study procedures/perceived risks
1 withdrawal by participant—relocation
1 withdrawal by participant—desire for 

change in treatment (unrelated to safety)
4 withdrawal by participant—other
8 withdrawal by guardian
1 physician decision—unrelated to safety
2 follow-up loss
9 other

98 (84.5%) completed the studya

89 (76.7%) completed the study treatmenta
91 (85.8%) completed the studya

90 (84.9%) completed the study treatmenta
175 (81.8%) completed the studya

168 (78.5%) completed the study treatmenta

654 assessed for eligibility and 
enrolled

4 not dosed and excluded

Fig. 1 | Participant disposition. aPlacebo-controlled period only. None of the participants completed the LTE period due to early study termination.

Table 1 | Baseline demographics

Variable Placebo (n = 214) Low dose 600 mg q4w 
(n = 106)

2,000 mg q4w 
(n = 214)

125 mg q4w (n = 58) 375 mg q12w (n = 58) Total (n = 116)

Age (years), mean ± s.d. 69.8 ± 6.6 70.4 ± 6.8 70.3 ± 6.8 70.4 ± 6.8 69.7 ± 6.7 69.4 ± 7.1

Femalea, n (%) 106 (49.5) 28 (48.3) 26 (44.8) 54 (46.6) 55 (51.9) 112 (52.3)

Country, n (%)

 USA 117 (54.7) 31 (53.4) 30 (51.7) 61 (52.6) 56 (52.8) 119 (55.6)

 Australia 6 (2.8) 2 (3.4) 2 (3.4) 4 (3.4) 2 (1.9) 7 (3.3)

 Germany 18 (8.4) 4 (6.9) 9 (15.5) 13 (11.2) 10 (9.4) 21 (9.8)

 Spain 20 (9.3) 8 (13.8) 4 (6.9) 12 (10.3) 12 (11.3) 13 (6.1)

 France 19 (8.9) 5 (8.6) 5 (8.6) 10 (8.6) 7 (6.6) 17 (7.9)

 Italy 9 (4.2) 1 (1.7) 3 (5.2) 4 (3.4) 5 (4.7) 9 (4.2)

 Japan 3 (1.4) 3 (5.2) 2 (3.4) 5 (4.3) 6 (5.7) 5 (2.3)

 Poland 14 (6.5) 3 (5.2) 3 (5.2) 6 (5.2) 7 (6.6) 14 (6.5)

 Sweden 8 (3.7) 1 (1.7) 0 1 (0.9) 1 (0.9) 9 (4.2)

Raceb, n (%)

 Asian 5 (2.3) 3 (5.2) 2 (3.4) 5 (4.3) 6 (5.7) 6 (2.8)

 White 201 (93.9) 53 (91.4) 53 (91.4) 106 (91.4) 98 (92.5) 203 (94.9)

Education (years), mean ± s.d. 14.8 ± 3.7 14.4 ± 4.1 13.9 ± 3.2 14.2 ± 3.7 14.2 ± 3.7 14.3 ± 3.7

AD medication use, n (%) 139 (65.0) 38 (65.5) 37 (63.8) 75 (64.7) 69 (65.1) 137 (64.0)

ApoE ε4 statusc, n (%)

 Carrier 157 (73.4) 35 (60.3) 43 (74.1) 78 (67.2) 66 (62.3) 160 (74.8)

 Noncarrier 54 (25.2) 21 (36.2) 15 (25.9) 36 (31.0) 40 (37.7) 54 (25.2)

Clinical stage, n (%)

 MCI 98 (45.8) 25 (43.1) 31 (53.4) 56 (48.3) 51 (48.1) 98 (45.8)

 Mild AD dementia 116 (54.2) 33 (56.9) 27 (46.6) 60 (51.7) 55 (51.9) 116 (54.2)
aSex and/or gender was determined based on self-report. bTen participants did not provide ‘Race’ information due to confidentiality regulations, and two participants reported ‘Other’. cFive 
participants reported ApoE ε4 status as ‘Undetermined’.
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the intermediate-dose group; difference = 0.08, P = 0.9139 for the low-
dose group). For the MMSE score, the adjusted mean change from base-
line at week 78 was –3.66 (95% CI –4.34, –2.99) in the high-dose group, 
–4.13 (95% CI –5.03, –3.22) in the intermediate-dose group, –4.11 (95% 

CI –4.98, –3.23) in the low-dose group and −3.32 (95% CI –4.00, −2.64) 
in the placebo group (Extended Data Fig. 1b). For the ADCS-ADL score, 
the adjusted mean change from baseline at week 78 was –5.14 (95% CI 
–6.47, –3.81) in the high-dose group, –6.13 (95% CI –7.93, –4.34) in the 

Table 2 | Baseline clinical disease and biomarker characteristics

Variable Placebo (n = 214) Low dose 600 mg q4w 
(n = 106)

2,000 mg q4w 
(n = 214)

125 mg q4w 
(n = 58)

375 mg q12w 
(n = 58)

Total (n = 116)

MMSE score, mean ± s.d. 25.4 ± 2.3 25.4 ± 2.5 25.4 ± 2.22 25.4 ± 2.4 25.1 ± 2.3 25.4 ± 2.2

CDR global score, n (%)

 0.5 176 (82.2) 40 (69.0) 51 (87.9) 91 (78.4) 87 (82.1) 177 (82.7)

 1 38 (17.8) 18 (31.0) 7 (12.1) 25 (21.6) 19 (17.9) 37 (17.3)

CDR-SB score, mean ± s.d. 3.1 ± 1.5 3.3 ± 1.7 2.6 ± 1.5 2.9 ± 1.6 3.2 ± 1.6 3.0 ± 1.4

ADAS-Cog13 score, mean ± s.d. 26.4 ± 8.4 25.6 ± 8.0 26.2 ± 8.7 25.9 ± 8.3 27.1 ± 8.8 25.3 ± 7.7

FAQ score, mean ± s.d. 8.1 ± 6.0 9.4 ± 7.0 7.4 ± 6.6 8.4 ± 6.8 9.9 ± 6.9 8.1 ± 6.4

ADCS-ADL score, mean ± s.d. 69.3 ± 6.1 68.7 ± 6.4 69.4 ± 7.3 69.1 ± 6.9 67.6 ± 8.0 69.5 ± 6.8

ISLT (z score), mean ± s.d. −1.9 ± 0.9 −1.9 ± 0.9 −2.0 ± 1.0 −1.9 ± 0.9 −2.1 ± 1.0 −1.9 ± 1.0

ISLR (z score), mean ± s.d. −2.4 ± 0.7 −2.2 ± 0.9 −2.4 ± 0.7 −2.3 ± 0.8 −2.3 ± 0.8 −2.3 ± 0.8

Tau PETa,b,c SUVR, mean ± s.d.

 Braak I–II composite 1.934 ± 0.5934 1.843 ± 0.6571 1.917 ± 0.6196 1.937 ± 0.5342

 Braak III–IV composite 1.890 ± 0.7223 1.918 ± 0.7770 1.888 ± 0.7062 1.891 ± 0.6801

 Braak V–VI composite 1.742 ± 0.7881 1.754 ± 0.7604 1.741 ± 0.7714 1.766 ± 0.8555

 Medial temporal cortex 2.154 ± 0.7990 2.194 ± 0.9274 2.183 ± 0.8140 2.194 ± 0.7840

 Lateral temporal cortex 2.280 ± 1.0249 2.334 ± 1.1139 2.272 ± 1.0108 2.283 ± 0.9699

 Frontal cortex 1.646 ± 0.7568 1.633 ± 0.7550 1.564 ± 0.7171 1.588 ± 0.7587

Amyloid PETd,e SUVR, mean ± s.d.

 Amyloid-β composite 1.414 ± 0.182 1.417 ± 0.245 1.409 ± 0.170 1.454 ± 0.182
aIn the tau PET sub-study, the placebo group included 118 participants, the low-dose group included 62 participants who received 125 mg (q4w) or 375 mg (q12w) gosuranemab, the 600 mg 
q4w group included 56 participants and the 2,000 mg q4w group included 121 participants. bTau PET tracer: [18F]MK-6240. cTau PET SUVR was computed for composite brain regions included 
in Braak staging51,52. dIn amyloid PET imaging, the placebo group included 105 participants, the low-dose group included 57 participants who received 125 mg (q4w) or 375 mg (q12w) 
gosuranemab, the 600 mg q4w group included 50 participants and the 2,000 mg q4w group included 105 participants. eAmyloid-β tracer: [18F]florbetapir.

Table 3 | Primary safety endpoint for the placebo-controlled period

Variable Placebo (n = 214) 125 mg q4w 
(n = 58)

375 mg q12w 
(n = 58)

600 mg q4w 
(n = 106)

2,000 mg q4w 
(n = 214)

Total gosuranemab 
(n = 436)

Any AE 181 (84.6) 50 (86.2) 48 (82.8) 94 (88.7) 189 (88.3) 381 (87.4)

Treatment-relateda AEs 47 (22.0) 15 (25.9) 12 (20.7) 21 (19.8) 50 (23.4) 98 (22.5)

SAEs 26 (12.1) 6 (10.3) 6 (10.3) 13 (12.3) 25 (11.7) 50 (11.5)

Treatment-related SAEs 2 (0.9) 0 0 0 2 (0.9) 2 (0.5)

Drug withdrawal due to AEs 11 (5.1) 4 (6.9) 2 (3.4) 0 8 (3.7) 14 (3.2)

Study withdrawal due to AEs 11 (5.1) 2 (3.4) 1 (1.7) 0 6 (2.8) 9 (2.1)

Mortality events 1 (0.5) 1 (1.7) 0 0 1 (0.5) 2 (0.5)

Infusion reactions 79 (36.9) 31 (53.4) 23 (39.7) 38 (35.8) 75 (35.0) 167 (38.3)

AEs with incidence of ≥10% in any single treatment group

 Falls 23 (10.7) 7 (12.1) 11 (19.0) 20 (18.9) 30 (14.0) 68 (15.6)

 Nasopharyngitis 22 (10.3) 4 (6.9) 6 (10.3) 9 (8.5) 24 (11.2) 43 (9.9)

 Arthralgia 14 (6.5) 6 (10.3) 7 (12.1) 9 (8.5) 19 (8.9) 41 (9.4)

 Headache 20 (9.3) 1 (1.7) 6 (10.3) 11 (10.4) 22 (10.3) 40 (9.2)

 Diarrhea 12 (5.6) 11 (19.0) 3 (5.2) 6 (5.7) 11 (5.1) 31 (7.1)

 Constipation 8 (3.7) 6 (10.3) 1 (1.7) 2 (1.9) 6 (2.8) 15 (3.4)

Data are presented as n (%). aRelated as determined by the investigator.
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intermediate-dose group, –6.54 (95% CI –8.28, –4.81) in the low-dose 
group and –5.08 (95% CI –6.42, –3.73) in the placebo group (Extended 
Data Fig. 1c). For the FAQ score, the adjusted mean change from baseline 
at week 78 was 4.16 (95% CI 3.17, 5.14) in the high-dose group, 4.04 (95% 
CI 2.72, 5.35) in the intermediate-dose group, 4.64 (95% CI 3.37, 5.91) in 
the low-dose group and 4.56 (95% CI 3.56, 5.55) in the placebo group 
(Extended Data Fig. 2).

Exploratory endpoints: CSF biomarkers
A robust decrease in the CSF levels of unbound N-terminal tau com-
pared to baseline was observed in all gosuranemab groups but not in 
the placebo group, confirming target engagement of gosuranemab 
(Fig. 3a). At week 76, decreases in unbound N-terminal tau levels in the 
CSF were statistically significant in all treatment groups relative to the 
placebo group (P < 0.0001). At week 76, the adjusted mean change from 
baseline (percentage from baseline, calculated as 100 × adjusted mean 
change from baseline/mean baseline value) in the CSF levels of unbound 
N-terminal tau was −212.83 pg ml−1 (−92.6%) in the high-dose group, 
−199.45 pg ml−1 (−86.0%) in the intermediate-dose group, −187.15 pg ml−1 
(−80.1%) in the 375 mg q12w low-dose group, −191.38 pg ml−1 (−82.1%) 
in the 125 mg q4w low-dose group and −19.39 pg ml−1 (−8.8%) in the 
placebo group.

Treatment with gosuranemab was generally associated with reduc-
tions in other tau CSF biomarkers. For the CSF levels of phosphoryl-
ated tau181 (p-tau181), the adjusted mean change (percentage) from 
baseline at week 76 was −26.52 pg ml−1 (−23.8%) in the high-dose group, 
−17.44 pg ml−1 (−15.9%) in the intermediate-dose group, −11.72 pg ml−1 
(−10.6%) in the 375 mg q12w low-dose group, −18.84 pg ml−1 (−17.6%) in 
the 125 mg q4w low-dose group and −1.05 pg ml−1 (−1.1%) in the placebo 
group; only the high-dose group showed a significant difference from 
placebo (P = 0.0022; Fig. 3b). For the CSF levels of total tau, the adjusted 
mean change (percentage) from baseline at week 76 was −97.46 pg ml−1 
(−15.5%) in the high-dose group, −110.57 pg ml−1 (−15.5%) in the inter-
mediate-dose group, −9.41 pg ml−1 (−1.3%) in the 375 mg q12w low-dose 
group, −56.14 pg ml−1 (−8.0%) in the 125 mg q4w low-dose group and 
37.21 pg ml−1 (6.2%) in the placebo group; a significant difference from 
placebo was observed in the 125 mg q4w low-dose group (P = 0.0138) 
and the intermediate-dose and high-dose groups (P < 0.0001 for both; 
Fig. 3c). No dose–response for either CSF measure of tau was observed 
among treatment groups.

Levels of the amyloid-β isoform Aβ42 in the CSF were also measured, 
and the changes from baseline at week 76 were small and comparable 

between groups (Fig. 3d). The adjusted mean change (percentage) from 
baseline in the CSF levels of Aβ42 was −8.99 pg ml−1 (−1.90%) in the high-
dose group, −21.07 pg ml−1 (−4.11%) in the intermediate-dose group, 
12.66 pg ml−1 (2.50%) in the 375 mg q12w low-dose group, −16.24 pg ml−1 
(−3.35%) in the 125 mg q4w low-dose group and −17.38 pg ml−1 (−3.81%) 
in the placebo group.

Exploratory endpoint: tau PET neuroimaging
No significant differences were observed between the gosuranemab 
and placebo groups (P > 0.05) in the adjusted mean change in the tau 
positron emission tomography (PET) standardized uptake value ratio 
(SUVR) in each brain composite region corresponding to Braak stages 
I–II (–0.012 (95% CI −0.055, 0.031) in the high-dose group, 0.054 (95% CI 
−0.008, 0.115) in the intermediate-dose group, 0.033 (95% CI −0.028, 
0.094) in the low-dose group and 0.047 (95% CI 0.002, 0.091) in the 
placebo group), Braak stages III–IV (0.129 (95% CI 0.082, 0.176) in the 
high-dose group, 0.178 (95% CI 0.110, 0.246) in the intermediate-dose 
group, 0.142 (95% CI 0.075, 0.209) in the low-dose group and 0.177 (95% 
CI 0.128, 0.227) in the placebo group) and Braak stages V–VI (0.135 (95% 
CI 0.087, 0.183) in the high-dose group, 0.175 (95% CI 0.106, 0.244) 
in the intermediate-dose group, 0.168 (95% CI 0.100, 0.237) in the 
low-dose group and 0.180 (95% CI 0.130, 0.230) in the placebo group;  
Fig. 4a–c). As expected, the placebo group demonstrated increased tau 
PET SUVR over 78 weeks. Similar results were obtained for the medial 
temporal, lateral temporal and frontal cortices (Extended Data Fig. 3). 
No dose–responses were observed for changes in the tau PET SUVR.

Whole-brain and hippocampal volumes were measured across 
the treatment and placebo groups. Decreases were observed in all 
groups and were small and comparable between groups (Extended Data  
Fig. 4). The lateral ventricle volume increased in all groups, with a 
<1-cm3 statistically significant (P = 0.0481) increase observed in the 
high-dose group relative to the placebo group at week 78 (Extended 
Data Fig. 4c).

Post hoc analysis of the aborted LTE period
The LTE period of the study was terminated early owing to the lack 
of efficacy demonstrated upon readout after the placebo-controlled 
period. Data from the LTE period were analyzed up to week 104, during 
which the sample size was still substantial (the n for each group was 
>50% of the total sample size at baseline). The safety profiles in this 
period were similar to those during the placebo-controlled period. 
The late-start treatment group (late-start high-dose group) was 
included in the study to evaluate the safety profile of gosuranemab 
in participants in whom treatment was initiated later in their disease 
course (these participants have potentially more advanced disease), 
allowing for analyses supporting the disease-modifying effects of gos-
uranemab (delayed-start analysis). No differences in CDR-SB scores or 
other exploratory efficacy endpoints were observed in the LTE period 
between the early-start treatment groups (participants who received 
high-dose, intermediate-dose or low-dose gosuranemab during the 
placebo-controlled and LTE periods) and the late-start high-dose 
group (participants who initially received placebo and were switched 
to high-dose gosuranemab during the LTE period) (P > 0.05). At week 
104, the adjusted mean change in CDR-SB scores from baseline was 2.92 
(95% CI 2.34, 3.49) in the low-dose group, 3.04 (95% CI 2.45, 3.62) in the 
intermediate-dose group, 2.35 (95% CI 1.92, 2.79) in the high-dose group 
and 2.55 (95% CI 2.10, 2.99) in the late-start high-dose group. For MMSE 
scores, the adjusted mean change from baseline at week 104 was –5.49 
(95% CI −6.52, −4.46) in the low-dose group, –5.51 (95% CI −6.57, −4.44) 
in the intermediate-dose group, –4.82 (95% CI −5.61, −4.03) in the high-
dose group and –4.39 (95% CI −5.18, −3.59) in the late-start high-dose 
group. For ADCS-ADL scores, the adjusted mean change from baseline 
at week 104 was –9.59 (95% CI −11.92, −7.26) in the low-dose group, –8.33 
(95% CI −10.74, −5.91) in the intermediate-dose group, –8.13 (95% CI 
−9.89, −6.38) in the high-dose group and –7.91 (95% CI −9.70, −6.12) 
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in the late-start high-dose group. In contrast to week 78, none of the 
other treatment groups showed a statistically significant difference in 
the change from the baseline ADAS-Cog13 score at week 104 compared 
to the late-start high-dose (formerly placebo) group (low-dose group: 
n = 75, adjusted mean change from baseline = 9.55, difference = 1.57, 
P = 0.2105; intermediate-dose group: n = 72, adjusted mean change 
from baseline = 8.78, difference = 0.8, P = 0.5296; high-dose group: 
n = 132, adjusted mean change from baseline = 9.78, difference = 1.80, 
P = 0.0907; late-start high-dose group: n = 126, adjusted mean change 
from baseline = 7.98; Supplementary Table 1).

Long-term exposure to gosuranemab was well tolerated by the 
participants. The safety profiles during the LTE period were similar to 
those during the placebo-controlled period, and no additional safety 
concerns were observed with the limited exposure to gosuranemab in 
the LTE period. The overall incidence of AEs and SAEs in the LTE period 
was similar between the early-start (n = 168) and late-start (n = 165) 
high-dose groups (AEs: 61.3% in the early-start group, 60.0% in the 
late-start group; SAEs: 6.0% in the early-start group, 7.9% in the late-
start group). One SAE in the late-start high-dose group (colon cancer) 
was considered by the investigator to be treatment-related. In the LTE 
period, five participants experienced AEs leading to treatment discon-
tinuation; no AEs leading to discontinuation were reported in more 
than one participant. Six participants died during the LTE period, with 
one participant (from the high-dose group) dying before receiving any 
dose in this period; no deaths during the LTE period were considered 
treatment-related. The most common AEs in the LTE period were similar 
in profile and incidence to those in the placebo-controlled period.

Effect of COVID-19
Despite the COVID-19 pandemic, most participants received 16–20 of 
20 infusions during the placebo-controlled period (n = 538, 82.8%); 
only 64 participants (9.8%) missed three or more consecutive infu-
sions. A relatively small number of participants took advantage of the 
provided options for COVID-19 risk mitigation: 19 participants (2.9%) 
remotely completed 37 scales, and 36 home infusions occurred. Overall, 
32 participants (4.9%) discontinued the study treatment during the 
placebo-controlled period due to reasons related to COVID-19. During 
the placebo-controlled period, COVID-19 AEs were reported in three 
participants in the gosuranemab groups and in two participants in the 
placebo group, and the rates of major protocol deviations related to 
COVID-19 were balanced between groups.

Discussion
The TANGO study evaluated the safety and efficacy of gosuranemab in 
patients with AD. The participants tolerated gosuranemab well at all 
doses evaluated, and the safety outcomes were consistent with those 
reported in previous studies. However, no dose produced a favora-
ble separation from placebo on a secondary endpoint: the change in  
the CDR-SB score from baseline at 78 weeks. Furthermore, none of 

the treatment groups exhibited an improvement over the placebo 
group in any of the exploratory efficacy endpoints. In one such assess-
ment (ADAS-Cog13 scale), the high-dose group performed statistically 
significantly worse than the placebo group at week 78; however, this 
difference was not statistically significant in the LTE period. The lack 
of clinical efficacy observed in TANGO is consistent with the results 
of recent clinical trials investigating the N-terminal anti-tau antibod-
ies semorinemab and tilavonemab in early AD22–24. By contrast, in 
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the Lauriet trial, semorinemab demonstrated partial efficacy com-
pared to placebo, with a reduced rate of cognitive decline based on 
one coprimary endpoint (ADAS-Cog11 scores) in participants with  
moderate AD24.

Treatment with gosuranemab was associated with a robust reduc-
tion in the CSF levels of unbound N-terminal tau, confirming the target 
engagement of this antibody. In the treatment groups, the CSF levels of 
p-tau181 and total tau were lower at week 76 than at baseline. However, 
differences in p-tau181 and total tau levels among the treatment and 
placebo groups were significant only for some dose groups, and no 
dose–response was observed for either measure. Analysis of the tau PET 
substudy—the largest [18F]MK-6240 tau PET dataset collected to date 
in the context of a well-controlled clinical trial—demonstrated meas-
urable longitudinal increases in tau PET SUVR over time, as expected, 
yet no effect of treatment on cerebral tau accumulation in the tar-
get brain regions (for example, composite regions corresponding to 
Braak stages I–VI). Thus, gosuranemab effectively bound extracellular 
N-terminal tau, but this binding did not reduce the accumulation of 
pathological tau as detected by tau PET. Improved fluid measures need 
to be developed to better understand the extracellular availability of 
pathological tau for future antibody-based therapeutic approaches. 
Additionally, the ongoing development of assays specific for synaptic 

and inflammatory-related markers may provide a future potential link 
to these emerging areas of AD pathophysiology and tau biology.

Preclinical models of AD to date leave room for improved clinical 
translation. In several preclinical tau transgenic mouse models, the 
anti-tau antibodies tilavonemab, zagotenemab and semorinemab, 
which target N-terminal or conformational epitopes of tau, have dem-
onstrated efficacy in reducing tau pathology and, in some cases, pro-
viding functional or behavioral improvements25–28. However, similar to 
gosuranemab, these agents have failed to demonstrate a clear clinical 
benefit in patients with early AD, calling into question the predictive 
value of these mouse studies for clinical efficacy. The tau transgenic 
mouse models used in these preclinical studies typically express the 
human 4R tau isoform with the frontotemporal-dementia-associated 
P301L or P301S substitution, accelerating the formation of paired 
helical filaments29. This results in robust age-dependent formation of 
intracellular tau aggregates in the brain. However, owing to the use of 
exogenous promoters to drive transgene expression, tau pathology 
does not occur in brain regions typically affected in AD or progress in 
a neuronal-network-dependent pattern, as would be expected if tau 
pathology spread were solely due to transneuronal transmission, in 
these models. Thus, these models are unsuitable for testing therapeu-
tics aimed at intercepting extracellular tau to prevent the transneuronal 
spread of tau pathology. To circumvent this problem, researchers have 
developed tau-seeding models in tau transgenic or wild-type mice. In 
these mice, exogenous tau ‘seeds’ in the form of recombinant fibrils or 
tau-enriched brain fractions derived from tau transgenic mouse or AD 
brain are locally injected into a specific brain region, and the progres-
sive spread of tau pathology into anatomically connected brain regions 
is observed30–37. One major limitation of this approach is the nature of 
brain-derived tau seeds, which are mainly derived from intracellular 
tau aggregates. It remains unclear whether these aggregated forms of 
tau exist in human interstitial fluid or CSF. A few anti-tau monoclonal 
antibodies targeting various epitopes and post-translational modifica-
tions have been shown to reduce tau pathology propagation in these 
tau-spreading models; however, the translatability of these findings 
to clinical efficacy remains to be determined38–40.

All groups exhibited comparable reductions in hippocampal and 
total brain volumes, consistent with disease progression. A statistically 
significant increase in the lateral ventricular volume, with unclear 
clinical significance, was observed in the high-dose treatment group 
relative to the placebo group.

The pharmacodynamic data from the TANGO study are consistent 
with those from previous trials investigating gosuranemab. In a single-
ascending-dose trial, gosuranemab doses of 70–4,200 mg decreased 
the CSF levels of unbound N-terminal tau by 67–97% at 4 weeks16. In a 
multiple-ascending-dose trial, gosuranemab doses of 150–2,100 mg 
administered q4w decreased the CSF levels of unbound N-terminal tau 
by 90–96% at 4 weeks and by 91–97% at 12 weeks17. The magnitude, tim-
ing and duration of target engagement observed in the TANGO study 
are consistent with those observed in these trials.

In the TANGO study, gosuranemab was tested based on the hypoth-
esis that extracellular seeding-competent tau species propagate tau 
pathology throughout the brain. This study is supported by preclini-
cal data demonstrating the high binding affinity of gosuranemab to 
monomeric and aggregated forms of tau and its ability to remove 
seeding-competent forms of tau from AD brain lysate and interstitial 
fluid derived from tau transgenic mice18. Although the exact nature of 
seeding-competent tau species remains elusive, it is evident that the 
microtubule-binding region of tau is required for tau fibrillization and 
seeding activity41. Tau fragments in the CSF that span the microtubule-
binding region are of low abundance (0.4–3.7 ng ml−1, depending on 
the residue examined), whereas N-terminal and midregion fragments 
are relatively abundant (8.2–32.0 ng ml−1 for midregion fragments)42. 
Thus, targeting an N-terminal tau epitope may not sufficiently capture 
extracellular tau species responsible for mediating tau pathology 
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propagation. Alternatively, it is conceivable that pathological tau 
species spread between neurons through pathways not accessible to 
monoclonal antibodies, such as exosomes or nanotubes43–45. Further-
more, most tau protein resides inside neurons, whereas extracellular 
tau represents only a fraction of all tau forms expressed in the brain. 
Thus, intracellular pathological tau species might contribute more to 
overall tau toxicity, and targeting intracellular tau may provide greater 
therapeutic benefits.

In addition to the biological and technical limitations discussed 
above, operational limitations should be considered when interpreting 
the study results. This study was affected by the COVID-19 pandemic. 
Many efforts were made to minimize the effect of the pandemic on 
the study participants. As a measure against study withdrawals, par-
ticipants were allowed flexibility in scheduling their site visits. This 
flexibility made possible the low discontinuation rate observed in the 
study, at the expense of increased protocol deviations. However, these 
deviations were generally balanced across treatment groups, mitigat-
ing the potential effect of this limitation on the interpretation of the 
results. Limited data were collected during the LTE period due to the 
early termination of the study.

Methods
The full trial protocol and statistical analysis plan can be downloaded 
at https://classic.clinicaltrials.gov/ct2/show/NCT03352557 (classic 
ClinicalTrials.gov).

Study overview
This randomized, parallel-group study consisted of a 78-week dou-
ble-blind, placebo-controlled phase and a subsequent dose-blind 
LTE phase. Enrolled participants were randomized (1:1:2:2) to one of 
four treatment arms: (1) low-dose gosuranemab (participants in this 
group were subsequently randomized 1:1 to receive either 125 mg gos-
uranemab q4w or 375 mg gosuranemab q12w), (2) intermediate-dose 
gosuranemab (600 mg q4w), (3) high-dose gosuranemab (2,000 mg 
q4w) or (4) placebo (0.9% NaCl q4w). Randomization was conducted 
by interactive response technology (IRT); the IRT vendor generated 
the randomization sequence. Randomization was stratified by region, 
disease stage (MCI or mild AD), baseline AD medication use and tau 
PET and/or CSF substudy enrollment (see the ‘Biomarker substudies’ 
subsection). Treatments were administered intravenously q4w; partici-
pants assigned to the low-dose arm who received infusions of 375 mg 
gosuranemab q12w received placebo at the other 4-week dosing visits 
to maintain the treatment blind. During the double-blind, placebo-
controlled period, all participants and the study staff who performed 
participant assessments were blinded to the treatment assignments. 
During the dose-blind LTE period, participants in the placebo group 
were reassigned to receive high-dose treatment; participants in other 
groups continued receiving their originally assigned doses. No interim 
analysis was conducted for TANGO during the placebo-controlled 
period. At the end of the placebo-controlled period, a prespecified 
unblinded analysis was performed. Study visits occurred between May 
2018 and August 2021. TANGO participants received reimbursement 
for travel or meals when allowed within local regulations and approved 
by the Institutional Review Board (IRB).

Eligibility criteria
Participants were adults aged 50–80 years who had exhibited a progres-
sive decline in memory function for >6 months before screening and 
had been diagnosed with either MCI due to AD or mild AD dementia 
according to National Institute on Aging–Alzheimer’s Association 
criteria46,47. Participants must have demonstrated cognitive impair-
ment at the time of screening, defined by an International Shopping 
List Test—Immediate Recall (ISLT) or International Shopping List Test–
Delayed Recall (ISLR) score of 1 s.d. below the age-adjusted normative 
mean, a CDR global score of 0.5 (for MCI due to AD) or 0.5 or 1.0 (for 

mild AD dementia), a CDR Memory Box score of at least 0.5 and an 
MMSE score between 22 and 30 (inclusive). Participants must also have 
demonstrated evidence of amyloid pathology, confirmed by amyloid 
PET (visual read) or CSF testing. Finally, consent to apolipoprotein E 
(ApoE) genotyping was required for participation, as was the presence 
of a suitable care partner or informant to monitor the participant’s cog-
nitive and functional abilities. The exclusion criteria were any medical 
or neurological/neurodegenerative conditions that might contribute 
to the participant’s cognitive impairment; a history of seizures within 
10 years before screening visit 1 or epileptic syndrome; a history of a 
severe brain infection within 5 years before screening visit 1 or severe 
head trauma; a history of unstable angina, myocardial infarction, 
chronic heart failure or clinically relevant conduction abnormali-
ties within 1 year before screening visit 1; evidence of impaired renal 
or liver function; alcohol or substance abuse in the past year; pres-
ence of clinically relevant and/or unstable psychiatric illness within 
6 months before screening visit 1; known allergy to gosuranemab or 
a history of hypersensitivity to any of its inactive ingredients; use of 
AD medications at doses that had not been stable for at least 8 weeks 
before screening visit 1; and use of any medication that might affect the  
participant’s cognition.

This study was conducted in accordance with the Declaration of 
Helsinki and all applicable International Council for Harmonisation 
and Good Clinical Practice guidelines. Investigators were required 
to obtain ethics committee approval before beginning the study. For 
study sites in the USA, the study protocol was approved by Advarra’s 
central IRB or one of the following local ethics committees: BioMed 
IRB, San Diego, CA; Biomedical Research Alliance of New York, Lake 
Success, NY; Western IRB, Puyallup, WA; University of California, Los 
Angeles, Office of the Human Research Protection Program, Los Ange-
les, CA; Tufts Health Sciences IRB, Boston, MA; Stanford University 
Research Compliance Office, Palo Alto, CA; Houston Methodist IRB, 
Houston, TX; and Human Investigation Committee, Yale University 
IRB, New Haven, CT. For sites in other countries, the study protocol 
was approved within each respective country by the following local 
IRBs or ethics committees: Melbourne Health Human Research Eth-
ics Committee (Australia); Alfred Hospital Ethics Committee (Aus-
tralia); Eastern Health Research and Ethics Committee (Australia); 
Austin Health Human Research Ethics Committee (Australia); Comité 
de Protection des Personnes Ouest I (France); Ethikkommission des 
Fachbereichs Medizin der Ludwig-Maximilians-Universität München 
(Germany); Comitato Etico dell’Azienda Ospedaliero Universitaria 
Policlinico Paolo Giaccone, Palermo (Italy); Comitato Etico Istituzi-
oni Ospedaliere Cattoliche (Italy); Azienda Ospedaliera Universitaria 
Policlinico Umberto I–Università di Roma La Sapienza (Italy); Comitato 
Etico IRCCS Ospedale S. Raffaele di Milano (Italy); Comitato Etico per 
le Sperimentazioni Cliniche della Provincia di Vicenza (Italy); Adachi 
Kyosai Hospital IRB ( Japan); Teikyo University Hospital, Mizonokuchi 
IRB ( Japan); Tokyo Medical University Hospital IRB ( Japan); Takeda 
Hospital Group IRB ( Japan); Koseikai Sone Clinic IRB ( Japan); National 
Center for Geriatrics and Gerontology IRB ( Japan); Osaka University 
Hospital IRB ( Japan); Bioetyczna przy Okregowej Izbie Lekarskiej w 
Gdansku (Poland); Hospital Universitari i Politecnic La Fe (Spain); and 
Etikprövningsmyndigheten (Sweden). All participants provided written 
informed consent before participating in any study-related activities. 
An independent data monitoring committee reviewed safety data on 
an ongoing basis.

Biomarker substudies
Participants were assigned to either a tau PET substudy (based on the 
geographical availability of the tau PET radioligand) or a CSF substudy. 
Participants assigned to the tau PET substudy were provided the option 
to also participate in the CSF substudy (participants enrolled in both 
substudies were considered enrolled in the tau PET substudy for ran-
domization purposes).
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PET imaging was performed using [18F]MK-6240, a highly selective 
second-generation tau PET tracer that exhibits minimal off-target bind-
ing in patients with AD48–50. The tau PET SUVR was used to assess tau 
deposition in several target brain regions, including Braak I–II, III–IV 
and V–VI composite regions as defined by Maass et al.51 and Baker et 
al.52. The tau PET SUVR in a target brain region was calculated as the 
ratio of [18F]MK-6240 binding in the target region to that in a reference 
region (cerebellum, with superior sections eroded to minimize signal 
spillover from the occipital cortex).

Participants in the tau PET substudy underwent tau PET scans 
at baseline, 52 weeks and 78 weeks. Participants in the CSF substudy 
had CSF samples collected at baseline, 48 weeks and 76 weeks. A small 
subset of participants (n = 20) had measurements taken at 12 weeks 
instead of 76 weeks for early evaluation of pharmacokinetics and phar-
macodynamics; this evaluation was performed as an interim analysis 
by a separate sponsor team, and the study team remained blinded. All 
CSF samples were collected by lumbar puncture and assayed for the 
levels of unbound N-terminal tau (MSD S-PLEX assay), p-tau181, total 
tau and Aβ42 (Lumipulse assay). All participants underwent MRI at 
baseline and 28, 52 and 78 weeks.

Primary and secondary endpoints
For the placebo-controlled period of this study, the primary endpoint 
was the incidence of AEs and SAEs. The secondary endpoints were (1) 
the change in the CDR-SB score from baseline over time at week 78, and 
(2) the incidence of anti-gosuranemab serum antibody responses over 
time up to week 90.

Exploratory endpoints
Key exploratory endpoints included (1) the change from baseline at 
week 78 in the ADAS-Cog13, MMSE, ADCS-ADL and FAQ scores; (2) the 
change from baseline in the CSF levels of unbound N-terminal tau; (3) 
the change from baseline in tau levels as measured by CSF testing (that 
is, t-tau, p-tau181) and tau PET; and (4) the change from baseline in brain 
volume as measured by MRI.

Post hoc analyses for the LTE period
The primary endpoint for the LTE period in this study was the incidence 
of AEs and SAEs over the placebo-controlled and LTE periods. Analyses 
of key exploratory endpoints included continued assessment of the 
efficacy endpoints from the placebo-controlled period, such as CDR-
SB, ADAS-Cog13, MMSE, ADCS-ADL and FAQ scores.

Sample size
No formal sample size calculation was performed for the primary 
safety endpoint. Sample size calculation was based on the multiple 
comparison procedure—modeling approach. A sample size of 528 
participants was planned to provide approximately 80% power to 
detect a dose–response relationship in the change from the baseline 
CDR-SB score (secondary objective) at 78 weeks, assuming a maxi-
mal 40% reduction with the highest gosuranemab dose compared to 
placebo and an estimated 20% dropout rate at 18 months (week 78) 
in this study. This calculation assumed an estimated mean change of 
1.99 from the baseline CDR-SB score at 78 weeks in the placebo group 
and a common s.d. of 2.38, based on available data from Alzheimer’s 
Disease Neuroimaging Initiative (ADNI1, ADNI2 and ADNI GO) studies 
(amyloid positive from amyloid PET or CSF testing, MMSE score of ≥22, 
CDR global score of 0.5 for MCI and 0.5 or 1 for mild AD). All analyses 
were two-sided at a 5% significance level.

Statistics and reproducibility
Statistical analyses were performed using SAS version 9.4. The analyses 
were performed by one statistical programmer, and the results were 
independently programmatically checked by a second statistical pro-
grammer and reviewed by two statisticians. The prespecified unblinded 

analysis was performed at the completion of the placebo-controlled 
period. Efficacy analyses were performed on the full analysis set (that 
is, all randomized participants who received the study treatment (gos-
uranemab or placebo)). Four participants were randomized but not 
dosed and excluded from the analysis. Secondary objective (CDR-SB) 
and key exploratory endpoints were analyzed using a mixed model 
for repeated measures (MMRM), with fixed effects of treatment, time, 
interaction between treatment and time, baseline value of the param-
eter of interest, interaction between the baseline value of the param-
eter of interest and time, baseline MMSE score, region, disease stage 
and baseline use of AD symptomatic medications. Model diagnostics 
were performed to evaluate the normality of data distribution and the 
impact of outliers. Missing data were assumed to be missing at random. 
Similar models were used for key secondary and exploratory endpoints. 
Additional analyses of efficacy endpoints from the LTE period were 
performed using data from the placebo-controlled and LTE periods.

Biomarker analyses (CSF testing, tau PET and structural MRI) 
were performed on either the evaluable set or the modified evaluable 
set for each type of analysis, in which the evaluable set consisted of 
all participants in the full analysis set who underwent the relevant 
procedure (lumbar puncture, PET or MRI) and the modified evalu-
able set consisted of the subset of the evaluable set with at least one 
postbaseline measurement of the specific parameter being analyzed. 
Biomarker analyses used an MMRM similar to that used for efficacy 
analyses; however, age was also used as a covariate for tau PET and 
MRI analyses, and region was not used as a covariate for CSF and tau 
PET analyses.

All safety analyses, except MRI safety analyses, were performed 
using data from all randomized participants who received at least one 
dose of the study treatment. MRI safety analyses were performed using 
data from all participants who received the study treatment and had 
at least one safety MRI scan after the baseline visit. Infusion reactions 
were defined as AEs that occurred on the day of or up to 2 days after 
an infusion.

COVID-19
Measures were taken to mitigate risks caused by the COVID-19 pan-
demic and to circumvent issues related to site closures. Flexibility in 
site-visit scheduling was allowed, and all resulting protocol deviations 
had to be reported under the specific category of COVID-19-associated 
deviations. When in-person visits were not possible, safety surveillance 
and selected clinical assessments (CDR, ADCS-ADL, ISLT, Category 
Fluency Test and Letter Fluency Test from the Delis–Kaplan Executive 
Function System, and Columbia Suicide Severity Rating Scale) were 
allowed to be performed by telephone. Infusions at home or alterna-
tive sites and home-nursing options were permitted in some instances. 
Visits or procedures missed due to reasons related to the COVID-19 
pandemic had to be completed as soon as possible and reported as 
delayed or missed with appropriate reasons provided.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The trial results are publicly available at ClinicalTrials.gov (https://clas-
sic.clinicaltrials.gov/ct2/show/results/NCT03352557) and the EudraCT 
website (EudraCT no. 2017-002901-37, https://www.clinicaltrialsregis-
ter.eu/ctr-search/trial/2017-002901-37/results). Individual participant 
data collected during the trial may be shared after anonymization and 
upon approval of the research proposals in accordance with internal 
policies and procedures. Biogen commits to sharing patient-level data, 
study-level data, clinical study reports and protocols with qualified 
scientific researchers who provide a methodologically sound proposal. 
Biogen internally reviews all data requests based on the review criteria 
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and in accordance with its Clinical Trial Transparency and Data Shar-
ing Policy (available at https://www.biogentrialtransparency.com). 
Deidentified data and documents will be shared under agreements 
that further protect against participant reidentification. Access to 
data can be requested at https://vivli.org/. Source data are provided 
with this paper.
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Extended Data Fig. 1 | See next page for caption.
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Extended Data Fig. 1 | Longitudinal changes on secondary efficacy 
assessments from baseline to week 78. Adjusted mean change from baseline 
(±SE) up to week 78 on the (a) ADAS-Cog13, (b) MMSE, and (c) ADCS-ADL scores. 
In panel A, a greater positive change indicates worsening of symptoms; in panels 
B and C, a greater negative change indicates worsening. Sample sizes for each 

group at each time point are listed for each panel. Asterisk denotes a significant 
difference between the high-dose placebo groups (P = 0.0378). Analyses were 
two-sided at 5% significance level. No adjustments were made for multiple 
comparisons.
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Extended Data Fig. 2 | Longitudinal changes in the FAQ score from baseline to week 78. Adjusted mean change from baseline (±SE) up to week 78 on FAQ score. 
A greater positive change indicates worsening of symptoms. Sample sizes for each group at each time point are listed for each panel. Analyses were two-sided at 5% 
significance level. No adjustments were made for multiple comparisons.
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Extended Data Fig. 3 | Adjusted mean change in tau PET SUVR from baseline 
to week 78. Adjusted mean change from baseline (±SE) in tau PET SUVR in brain 
regions corresponding to (a) medial temporal cortex, (b) lateral temporal cortex, 

and (c) frontal cortex. Sample sizes are provided for each group at each time 
point and are the same for all panels. Analyses were two-sided at 5% significance 
level. No adjustments were made for multiple comparisons.

http://www.nature.com/nataging


Nature Aging

Article https://doi.org/10.1038/s43587-023-00523-w

Extended Data Fig. 4 | Brain volume changes as measured by structural MRI 
from baseline to week 78. Adjusted mean change from baseline (±SE) in (a) 
whole brain volume, (b) hippocampus volume, and (c) lateral ventricle volume. 
Sample sizes for each group at each time point are listed for each panel. In panel 

C, the asterisk denotes a statistically significant difference in lateral ventricle 
volume between the high-dose and placebo groups at week 78 (P = 0.0481). 
Analyses were two-sided at 5% significance level. No adjustments were made for 
multiple comparisons.
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