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Summary 84 
 85 
Background: Amyloid-plaque removal by monoclonal antibody therapies slows clinical 86 
progression in symptomatic Alzheimer’s disease; however, the potential for delaying the onset 87 
of clinical symptoms in asymptomatic people is unknown. The Dominantly Inherited Alzheimer 88 
Network Trials Unit (DIAN-TU) is an ongoing platform trial assessing the safety and efficacy of 89 
multiple investigational products in participants with dominantly inherited Alzheimer’s disease 90 
(DIAD) caused by mutations. On the basis of findings of amyloid removal and downstream 91 
biological effects from the gantenerumab arm of the platform trial, we continued a 3-year open-92 
label extension (OLE) study to assess the safety and efficacy of long-term treatment with high 93 
doses of gantenerumab.  94 
 95 
Methods: The randomised, placebo-controlled, double-blind, phase 2/3 multi-arm trial (DIAN-96 
TU-001) assessed solanezumab or gantenerumab versus placebo in participants who were 97 
between 15 years before to 10 years after their estimated years to symptom onset and had a 98 
Clinical Dementia Rating (CDR) global score of 0 (cognitively normal) to 1 (mild dementia). This 99 
study was followed by an OLE study of gantenerumab treatment, conducted at 18 study sites in 100 
Australia, Canada, France, Ireland, Puerto Rico, Spain, the UK, and USA. For inclusion in the 101 
OLE, participants at risk for DIAD had participated in the double-blind period of DIAN-TU-001 102 
and were required to know their mutation status. We investigated increasing doses of 103 
gantenerumab up to 1500 mg subcutaneous every 2 weeks. Due to the lack of a regulatory path 104 
for gantenerumab, the study was stopped early after a pre-specified interim analysis (when 105 
most participants had completed 2 years of treatment) of the clinical measure CDR-SB. The 106 
primary outcome for the final analysis was the amyloid plaque measure PiB-PET SUVR at 3 107 
years, assessed in the modified intention to treat population (defined as participants who 108 
received any gantenerumab treatment post-OLE baseline, had at least one PiB-PET SUVR 109 
assessment prior to gantenerumab treatment, and a post-baseline assessment). All participants 110 
who received at least one dose of study drug in the OLE were included in the safety analysis. 111 
DIAN-TU-001 (NCT01760005) and the OLE (NCT06424236) are registered with 112 
clinicaltrials.gov.  113 
 114 
Findings: Of 74 participants who were recruited into the OLE study between June 3, 2020 and 115 
April 22, 2021, 73 were enrolled and received gantenerumab treatment. 47 (64%) stopped 116 
dosing due to early termination of the study by the sponsor, and 13 (18%) prematurely 117 
discontinued the study for other reasons. The mITT population for the primary analysis 118 
comprised 55 participants. At the interim analysis, the hazard ratio for clinical decline of CDR-119 
SB in asymptomatic mutation carriers was 0.79 (n=53, 95% CI 0.47 to 1.32) for participants who 120 
were treated with gantenerumab in either the double-blind or OLE period (Any Gant), and 0.53 121 
(n=22, 0.27 to 1.03) for participants who were treated with gantenerumab the longest (Longest 122 
Gant). At the final analysis, the adjusted mean change from OLE baseline to year 3 in PiB-PET 123 
SUVR was -0.71 SUVR (95% CI -0.88 to -0.53, p<0.0001). Amyloid-related imaging 124 
abnormalities occurred in 53% (39/73) of participants: 47% (34/73) with microhaemorrhages, 125 
30% (22/73) with oedema, and 6% (5/73) were associated with symptoms. No treatment-126 
associated macrohaemorrhages or deaths occurred. 127 
 128 
Interpretation: Partial or short-term amyloid removal did not show significant clinical effects.  129 
However, long-term full amyloid removal potentially delayed symptom onset and dementia 130 
progression. Conclusions are limited due to the OLE design and use of external controls and 131 
need to be confirmed in long term trials.  132 
 133 
Funding: National Institutes on Aging, Alzheimer’s Association, GHR, F. Hoffmann-La Roche, 134 
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INTRODUCTION 136 
 137 
Alzheimer's disease is a devastating neurodegenerative disorder with a growing global health 138 
burden. Decades of research support the amyloid hypothesis, which posits that cerebral 139 
accumulation of amyloid β plaques is a key initiating event in the pathogenesis of Alzheimer’s 140 
disease.1,2 While monoclonal antibody therapies, including aducanumab, lecanemab, and 141 
donanemab, have been shown to reduce amyloid-plaque deposition and slow cognitive and 142 
functional decline at the group level in early symptomatic Alzheimer’s disease (mild cognitive 143 
impairment or mild Alzheimer’s disease dementia), their ability to prevent or delay the onset of 144 
cognitive impairment in at risk individuals is unknown.3–5  145 
 146 
Dominantly inherited Alzheimer's disease (DIAD) is caused by autosomal dominant mutations in 147 
presenilin-1 (PSEN1), presenilin-2 (PSEN2), or the amyloid-beta precursor protein (APP) genes 148 
that alter APP processing, resulting in overproduction of aggregation prone amyloid β and 149 
accumulation of amyloid β-plaque pathology in early to mid-adulthood.6–8 Carriers of these 150 
mutations have a predictable age of symptom onset and follow a preclinical stage characterised 151 
by amyloid β-plaque deposition decades before cognitive decline, providing a unique model for 152 
investigating disease-modifying therapies in a prevention paradigm.9  153 
 154 
In 2012, the Dominantly Inherited Alzheimer Network Trials Unit (DIAN-TU) launched the first 155 
prevention trial (DIAN-TU-001, NCT01760005) to investigate the efficacy of two anti-amyloid 156 
monoclonal antibodies in parallel (solanezumab and gantenerumab) in delaying symptom onset 157 
and slowing progression in asymptomatic and mildly symptomatic DIAD mutation carriers. While 158 
the double-blind period of the DIAN-TU-001 phase 3 trial (2012–2019) with gantenerumab did 159 
not meet its primary endpoint of slowing cognitive decline in both symptomatic and 160 
asymptomatic cohorts, it significantly reduced amyloid-plaques in a dose-dependent fashion, 161 
reduced CSF total tau and tau phosphorylated at threonine 181 (p-tau181), and attenuated 162 
increases of CSF neurofilament light chain, a non-specific marker of neurodegeneration, 163 
particularly in asymptomatic DIAD mutation carriers.10 Further examination of downstream CSF 164 
and blood-based biomarkers showed that gantenerumab treatment significantly improved 165 
multiple CSF measures of synaptic degeneration, microglial activity, other inflammatory 166 
markers, and astrocyte activation markers.11 Together, these data provided the rationale to 167 
continue with a 3-year open-label extension study (OLE, 2020-2023, NCT06424236), with the 168 
goal of determining if continued treatment with gantenerumab at substantially higher doses than 169 
those used in sporadic Alzheimer’s disease studies and the DIAN-TU double-blind period could 170 
result in complete removal of brain amyloid plaques, improve critical markers of disease 171 
progression, improve or normalise non-amyloid related downstream biomarkers, and impact 172 
expected clinical and cognitive measures and trajectories.  173 
 174 
The GRADUATE I and II trials of gantenerumab in symptomatic sporadic Alzheimer’s disease 175 
did not demonstrate significant slowing of clinical decline.12 This outcome could be attributed to 176 
the fact that the magnitude of amyloid plaque removal was smaller than predicted, with only one 177 
quarter of participants treated with gantenerumab reaching amyloid negative status at the end of 178 
the trial.12 As the DIAN-TU gantenerumab OLE was ongoing when the GRADUATE results were 179 
reported, and the cohort had been treated for approximately 8 years at that time, we established 180 
a pre-specified interim analysis to determine whether substantial clinical benefit of slowed 181 
disease progression and amyloid removal was achieved and whether continuation to complete 182 
the study was justified. Here we report the interim and final results from the DIAN–TU-001 183 
gantenerumab OLE trial for the pre-specified primary and secondary outcomes. 184 
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METHODS 185 

Study design 186 

The DIAN-TU-001 was a randomised, double-blind, placebo-controlled, phase 2/3 trial of 187 
solanezumab or gantenerumab versus placebo, with a common close design, conducted from 188 
December 2012 to November 2019.10 Briefly, the DIAN-TU-001 was a 2-year biomarker study 189 
that was transitioned to a 4-year treatment trial with a cognitive primary end point to investigate 190 
the potential for amyloid-removing drugs to slow or prevent cognitive decline. This 191 
gantenerumab OLE was designed to continue to treat eligible participants from the DIAN-TU-192 
001 double-blind period with substantially increasing high doses of gantenerumab for 3 years. 193 
There was a mean treatment gap of approximately 1 year (0.4 SD) between the end of the 194 
double-blind period and the start of the OLE period in 2020 (Figure 1). Recruitment took place 195 
between June 3, 2020 and April 22, 2021, at 18 DIAN-TU study sites in Australia, Canada, 196 
France, Ireland, Puerto Rico, Spain, UK, and continental United States of America (US). The 197 
study included a pre-specified interim analysis involving selected clinical, cognitive, and 198 
biomarker endpoints to determine: (i) if high dose or long term, or both, gantenerumab treatment 199 
resulted in clinical benefit, and (ii) whether the high doses of gantenerumab resulted in 200 
substantial amyloid removal compared to the double-blind period. The interim analysis was 201 
conducted when most participants had received 2 years of high dose gantenerumab treatment 202 
(data lock March 31, 2023). Due to the lack of a conclusive major clinical benefit and regulatory 203 
path for gantenerumab, dosing was stopped in August 2023, and the study was closed by the 204 
sponsor.  205 

Ethics approval was obtained through a central Institutional Review Board (Advarra) for US sites 206 
(main approved protocol number Pro0003095). Ethics committee approval was obtained at all 207 
other participating sites.  208 

Participants 209 

For original enrolment in the DIAN-TU double-blind period, participants were between 15 years 210 
before to 10 years after (inclusive) of their estimated years to symptom onset (EYO = 211 
participant’s age at the clinical assessment – participant's mutation and parental estimated age 212 
at symptom onset),13 and had a Clinical Dementia Rating (CDR) global score of 0 (cognitively 213 
normal) to 1 (mild dementia) (Figure 1). Participant mutation status and APOE genotype were 214 
determined using Clinical Laboratory Improvement Amendments (CLIA) whole exome 215 
sequencing.  216 
 217 
For enrolment in the OLE, participants had to have participated in the double-blind period and 218 
were willing to know their mutation status. The main exclusion criteria included major or 219 
unstable illness that would prevent trial participation or completion of main study-related testing, 220 
volumetric MRI contraindications, required anticoagulation therapy, or pregnancy. Other 221 
reasons for exclusion included advanced disease, death, or early termination from the double-222 
blind period for other reasons. A small number were unwilling to know their mutation status and 223 
declined participation. Participants provided written informed consent.  224 
 225 
Participant data with a cutoff date of June 30, 2022 from the DIAN Observational study (DIAN 226 
Obs, NCT00869817)9,14 and that met the DIAN-TU-001 trial inclusion criteria were used as 227 
natural history external controls for improved estimates of the placebo group in the primary 228 
analyses. Internal controls are the data from placebo treated participants from the double-blind 229 
phase who did not enroll in the OLE period. Of note, the DIAN Obs and DIAN-TU studies are 230 
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harmonised, including use of the same clinical, cognitive, imaging, and biomarker measures. 231 
Participant groups for analysis included the main set of controls, defined as the external controls 232 
(DIAN Obs) plus the internal controls (placebo treated in the double-blind phase) (Supplemental 233 
Figure 5A-C). The extended set controls (dashed box on Supplemental Figure 5B) are defined 234 
as the main set controls plus the double-blind baseline and OLE baseline values for participants 235 
treated with placebo during the double-blind period and who entered the OLE.  236 

Randomisation and masking 237 

Randomisation and group assignments for the DIAN-TU-001 double-blind phase have been 238 
published.10 Briefly, mutation carriers were assigned 3:3:2  to receive gantenerumab (n=52), 239 
solanezumab (n=52), or placebo (n=40). Randomisation was done with a minimisation 240 
procedure by central randomisation. Allocation concealment was performed through central 241 
randomization. For the gantenerumab OLE, participants were enrolled at DIAN-TU study sites 242 
by study coordinators and individuals involved in the conduct of the study who were kept 243 
masked to the participants’ treatment assignments in the double-blind period, and were not 244 
involved in data analyses.   245 

Procedures 246 
 247 
During the double-blind period, participants received increasing doses of gantenerumab 248 
(Generation 3 drug product), from 225 mg and up to 1200 mg subcutaneous (SC) administration 249 
every 4 weeks, or placebo. During the OLE phase, gantenerumab (Generation 4 drug product 250 
used in the GRADUATE trials) doses were titrated from 120mg every 4 weeks to up to 1020 mg 251 
or 1500 mg every 2 weeks (see Supplemental Figure 1 for dose titration schedule). The 1020 252 
mg Generation 4 dose was PK-equivalent of the 1200 mg Generation 3 dose. The average 253 
titration time to the highest doses was 19 months (SD 3.6), with 57 of 73 (78%) participants 254 
completing titration to the highest dose. The planned duration of treatment in the OLE was 3 255 
years. To reduce participant burden, home health nurses were used for most drug 256 
administration visits. The average treatment compliance rate is 93%.  257 
 258 
To determine if gantenerumab at high doses would result in the removal of brain amyloid, 259 
participants underwent PiB-PET at OLE baseline and annually with CSF and blood collections, 260 
clinical assessments with CDR, and cognitive assessments with MMSE and cognitive batteries. 261 
Details of the assessments are presented in Supplemental Methods 2.  262 
 263 
Outcomes 264 
 265 
The pre-specified primary endpoints for the interim analysis were the time to recurrent 266 
progression in CDR-SB and time to first progression in CDR global. The CDR scale stages 267 
dementia severity by assessing six domains: Memory, Orientation, Judgment and Problem 268 
Solving, Community Affairs, Home and Hobbies, and Personal Care. A CDR global score of 0 269 
represents normal or no cognitive impairment, 0.5 very mild, 1 mild, 2 moderate, and 3 severe 270 
dementia. Time to first progression in CDR global is defined as the time from OLE baseline to 271 
the first visit where CDR increases. Progression must be observed at two consecutive 272 
measurements unless progression occurs at the final measurement. CDR-SB is an 18-point 273 
ordinal measure of dementia severity, with higher scores representing greater severity. 274 
Recurrent progression of CDR-SB is any progression which is either the first increase in value 275 
above baseline or any progression above the highest preceding post-baseline value identified 276 
as a progression, where progression above the preceding value must be observed at two 277 
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consecutive measurements unless the progression occurs at the last measurement. For 278 
example, if a participant’s CDR-SB is 0, 0.5, 0.5 and 1 at baseline, year 1, 2 and 3, respectively, 279 
then this participant had two progressions: 0 to 0.5 from baseline to year 1, and 0.5 to 1 from 280 
year 2 to 3. Event time is defined as time since baseline for the first progression and time to 281 
previous event for subsequent progressions. Participants without a progression event at their 282 
last measurement were censored at the time of that measurement. Other outcomes used for 283 
interim analysis are detailed in Supplemental Methods 4.  284 
 285 
The primary outcome measure for the final analysis was the change in amount of amyloid-286 
plaque deposition as measured by the PiB-PET composite. The pre-specified key secondary 287 
outcome was CDR global and CDR-SB progression as defined at the interim analysis. 288 
 289 
Other secondary endpoints were: (i) DIAN-TU Cognitive Composite (Supplemental Method 3), 290 
with lower scores interpreted as worse performance; (ii) Functional Assessment Scale (FAS), 291 
which measures the participant’s ability to perform daily activities, with higher scores indicating 292 
worse performance; (iii) MMSE with lower scores indicate worse performance. For FAS and 293 
MMSE, increases of 3 units or more was considered a progression and time to recurrent 294 
progression was defined similarly as CDR-SB. (iv) Biomarkers CSF Aβ 1-42/1-40, with lower 295 
values indicating abnormality; and Tau-PET SUVR and CSF p-tau181/tau181, with higher 296 
values indicating abnormality. (v) CSF neurofilament light chain (NfL) analysis is in progress and 297 
will be reported once available. 298 
 299 
ARIA was a safety endpoint in this study. Surveillance MRI was built into the dose escalation 300 
design to monitor for ARIA events routinely, and any suspected ARIA was assessed by the 301 
medical monitoring team promptly (see Supplemental Figure 1). Other safety outcomes included 302 
the incidence and severity of treatment-emergent adverse events (TEAEs), serious adverse 303 
events (SAEs), and treatment discontinuations. Clinical laboratory evaluations, vital signs, and 304 
12-lead electrocardiograms were also measured throughout the study.  305 
 306 
These endpoints were developed and finalised by the DIAN-TU, Roche, and the U.S. Food and 307 
Drug Administration (FDA), and pre-specified in the Statistical Analysis Plan.  308 
 309 
Statistical Analysis  310 
 311 
For the final analysis, the primary analysis was performed for the OLE modified intent-to-treat 312 
(mITT) population, defined as participants who received any gantenerumab treatment post-OLE 313 
baseline, had at least one PiB-PET SUVR assessment prior to gantenerumab treatment, and a 314 
post-baseline assessment (based on OLE period data only, referred to as “OLE only Gant”, 315 
Supplementary Figure 5C). We estimated annual dropout rates of 5% and 10% and anticipated 316 
approximately 56 to 43 participants to remain at the end of the 3-year OLE, and the study was 317 
predicted to have over 99% power to detect the projected mean change from baseline using a 318 
one-sided one-sample t-test with a type I error rate of 2.5% (see Supplemental Methods 2).  The 319 
primary analysis of the primary endpoint of PiB-PET SUVR reduction from baseline in the OLE 320 
mITT population was performed using a mixed model for repeated measures (MMRM) analysis 321 
without controls. The MMRM included the OLE baseline PiB-PET SUVR and visit (treated as 322 
categorical) as fixed effects. An unstructured variance-covariance matrix was used to model the 323 
within-subject errors among the repeated measures. To demonstrate that gantenerumab 324 
significantly removes amyloid plaque at year 3, the upper bound of the 95% confidence interval 325 
at the year 3 OLE visit would be less than 0. To evaluate the treatment effect of gantenerumab 326 
during the whole study duration, the change from double-blind baseline to the end of the OLE 327 
period in PiB-PET SUVR by the double-blind treatment group was also evaluated using a similar 328 
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MMRM model with fixed effects of double-blind baseline PiB-PET SUVR, visit, double-blind 329 
treatment group and its interaction with visit. The proportion of participants who converted from 330 
abnormal (PiB-PET SUVR > 1.25) to normal (PiB-PET SUVR ≤ 1.25) was also examined. The 331 
DIAN normal cutoff was 1.25 PiB-PET SUVR derived based on the 95th percentile of PiB-PET 332 
SUVR from asymptomatic non-carriers. 333 
 334 
The primary analysis for the key secondary endpoint of time to recurrent progression in CDR-335 
SB, involved comparing participants who were treated with gantenerumab in either the double-336 
blind or OLE period (referred to as “Any Gant”, Supplementary Figure 5A) to the main set 337 
controls. For all the comparisons using the Cox model stated below, start time was the baseline 338 
for the corresponding population as defined in Supplementary Figure 5A-C, end time was the 339 
last available CDR assessment time. To compare the probability of recurrent progression in 340 
CDR-SB between treated and controls, the Cox proportional hazards model was applied 341 
employing the Andersen-Gill method,15 a robust variance estimator to account for the correlation 342 
between recurrent events. The Cox model incorporated the group variable and baseline EYO as 343 
fixed effects in the analysis. Additionally, the Cox model was used to analyse the time to first 344 
progression in CDR Global. The Cox proportional hazards model generates hazard ratios that 345 
provide an estimate of the relative hazard of progression between treatment and control groups. 346 
The same Cox proportional hazard models were also applied to the comparison (i) between the 347 
longest gantenerumab mITT Population (“Longest Gant”, Supplementary Figure 5B) and the 348 
main set of controls, (ii) between Longest Gant mITT Population and the extended set of 349 
controls, (iii) between OLE only Gant mITT Population and the main set of control. Post-hoc 350 
sensitivity analyses based on CDR are described in Supplemental Method 1. As post-hoc 351 
analysis, similar Cox models were also applied to the FAS and MMSE to estimate the hazard 352 
ratios between Longest Gant mITT Population and the extended set of control. 353 
 354 
MMRM models similar to those used for PiB-PET SUVR were employed to analyse the key 355 
secondary endpoints CSF p-tau181/tau181 and CSF Aβ 1-42/1-40. The Linear Mixed Effects 356 
(LME) model with random intercept and random slope was utilised to analyse other key 357 
secondary endpoints including the Cognitive Composite, FAS, MMSE and Tau-PET SUVR. For 358 
the LME analysis, the annual rate of change between the OLE mITT population and the main 359 
set controls (internal controls only for Tau-PET SUVR) was compared. The LME model 360 
incorporated time since baseline (treated as a continuous variable), treatment group, the 361 
interaction between treatment group and time as fixed effects, and random intercepts and 362 
slopes for each participant as random effects. Unstructured covariance matrix was used for 363 
random effects.  CSF biomarkers were also converted to CentiMarker values utilising a similar 364 
methodology as the Centiloid conversion approach. For CentiMarker calculations, more 365 
abnormal biomarker raw values indicate worse disease stages as defined by the direction of 366 
disease versus normal groups. The detailed steps for calculating CentiMarker are described in 367 
Supplemental Method 6. 368 
 369 
We conducted a pre-specified interim analysis with the data collected up to March 31, 2023, 370 
when most participants had completed 2 years of treatment in OLE. For the interim analysis, the 371 
same MMRM and Cox models as described for the final analysis were used for amyloid PET 372 
SUVR, CDR SB and global (see Supplementary Method 4 for details). 373 
 374 
All analyses were conducted using SAS software, version 9.4.  375 
 376 
The safety analysis population includes all participants who received at least one dose of study 377 
drug in the gantenerumab OLE period. A Data Safety Monitoring Board (DSMB) reviewed 378 
unblinded safety monitoring data throughout the trial, assessed risk-benefit ratio acceptability, 379 
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provided periodic recommendations regarding the progress of the study, and reported to the 380 
central Institutional Review Board and participant site Ethics Committees. The OLE is registered 381 
in ClinicalTrials.gov, NCT06424236. 382 
 383 
Other methods descriptions, including assessments, imaging and fluid biomarker methods are 384 
in Supplemental Methods 2. 385 
 386 
Role of the funding source 387 
 388 
The National Institutes on Aging, Alzheimer’s Association and GHR had no role in study design, 389 
data collection, data analysis, data interpretation, or writing of the report. F. Hoffmann-La 390 
Roche, Ltd/Genentech was a collaborator on the study design, data analysis and data 391 
interpretation, and are co-authors of this report. 392 
 393 
RESULTS 394 
 395 
Participant characteristics 396 
 397 
Of the 144 mutation carriers enrolled in the DIAN-TU-001 double-blind study, 74 (52%) were 398 
successfully recruited into the gantenerumab OLE study between June 3, 2020 and April 22, 399 
2021; 21 (15%) declined participation and 47 (33%) were ineligible to participate (Figure 1). One 400 
participant screen failed due to inability to receive drug and appropriate clinical safety 401 
assessments. The remaining 73 participants received gantenerumab treatment per protocol. 402 
Overall, 13 (18%) of these 73 participants completed the 3 years of treatment for the study; 47 403 
(64%) stopped dosing due to early termination of the study by sponsor, and 13 (18%) 404 
prematurely discontinued the study for other reasons (Figure 1). The primary analysis 405 
population for PiB-PET SUVR included 55 mITT participants in gantenerumab OLE. The median 406 
duration of the OLE period was 2.64 years (IQR 1.99 to 2.90 years). For CDR analysis based on 407 
baseline asymptomatic participants (double-blind baseline for prior gantenerumab treated group 408 
and OLE baseline for prior placebo and solanezumab treated group), the Any Gant mITT 409 
population (Supplementary Figure 5A) included 53 participants, the Longest Gant treated mITT 410 
population (Supplementary Figure 5B) included 22 participants, the OLE only Gant treated mITT 411 
population included 40 participants (Supplementary Figure 5C), the main set of control group 412 
included 74 participants, and the extended control group (Supplementary Figure 5B) that 413 
included the OLE baseline measures, comprised 86 participants. Demographics and baseline 414 
characteristics at OLE or double-blind baseline are presented in Table 1. Length of follow up for 415 
different groups are presented in Supplemental Table 1. 416 
 417 
Interim Analysis primary and secondary outcomes: clinical dementia progression and amyloid 418 
plaque removal 419 
 420 
The primary outcomes for asymptomatic participants who received Any Gant (n = 53) had a 421 
hazard ratio (95% CI) of 0.91 (0.43, 1.94) for time to first progression in CDR global, and 0.79 422 
(0.47, 1.32) for time to recurrent progression in CDR-SB compared to the main set control. For 423 
the Longest Gant treated baseline asymptomatic group (n = 22) with average duration of 8 424 
years, the hazard ratio (95% CI) was 0.43 (0.15, 1.26) for CDR global and 0.53 (0.27, 1.03) for 425 
CDR-SB. For the OLE period, the OLE only Gant baseline asymptomatic group with average 426 
duration of 2 years (n=40), the hazard ratio (95% CI) was 1.39 (0.46, 4.19) for CDR global and 427 
1.41 (0.59, 3.33) for CDR-SB (see Supplemental Table 2). Amyloid-plaque removal, measured 428 
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by PiB-PET SUVR, was dose-dependent, with approximately 3-fold greater rates of amyloid-429 
plaque lowering by tripling the dose used in the double-blind period (Supplemental Figure 2). 430 
However, only 8% (4/49) of participants converted from amyloid abnormal to normal and 12% 431 
(6/49) of participants stayed amyloid normal (defined by SUVR<1.25).  432 
 433 
Final Analysis Primary efficacy endpoint: amyloid plaque removal 434 
 435 
The adjusted mean change from OLE baseline (mean 2.62, SD 1.30) to year 3 (mean 1.96, SD 436 
1.12) was PiB-PET SUVR of -0.71 (95% CI -0.88 to -0.53, p < 0.0001, Supplemental Figure 3, 437 
shown in Centiloids in Figure 2A). Significant reductions were also observed in PiB-PET SUVR 438 
from OLE baseline to the end of OLE year 1 (-0.12, 95% CI -0.21 to -0.03, p = 0.012) and OLE 439 
year 2 (-0.47, 95% CI -0.60 to -0.33, p<0.0001) (Supplemental Figure 3). Participants who 440 
received higher doses of gantenerumab (1020-1500 mg every 2 weeks) showed approximately 441 
3-fold greater rates of amyloid plaque lowering, with annual reduction of 0.35 SUVR (OLE year 442 
1 to 2) compared to those on lower doses (225 mg every 4 weeks), with annual reduction of 443 
0.06 SUVR (Supplemental Figure 2). At the end of the OLE, 8 (15%) participants remained 444 
amyloid PET normal (defined by SUVR<1.25)16, 8 (15%) participants converted from abnormal 445 
to normal, and 38 (70%) participants remained amyloid PET abnormal (Supplemental Table 8). 446 
In comparison, the group that was treated with gantenerumab the longest achieved 45% 447 
amyloid plaque negative (normal) status, with 55% remaining amyloid PET abnormal.  448 
 449 
At OLE year 3, a significant reduction in mean SUVR relative to the double-blind baseline was 450 
demonstrated for OLE participants from the gantenerumab treated arm (-0.44, 95% CI -0.76 to -451 
0.12) and solanezumab treated arm (-0.47, 95% CI -0.86, -0.09), but not for OLE participants 452 
from the placebo arm (-0.07, 95% CI -0.51, 0.36) (Supplemental Figure 3). 453 
 454 
Final Analysis Secondary outcomes: key clinical dementia progression 455 
 456 
In 53 participants who were asymptomatic at baseline and were included in Any Gant, the 457 
hazard ratio (95% CI) of time to first progression in CDR global score for treatment group vs. the 458 
main set of control was 0.84 (0.40 to 1.77), and the hazard ratio for time to recurrent 459 
progression in CDR-SB was 0.83 (0.50 to 1.36)  (Figure 3, Supplemental Table 3). 460 
 461 
For the subset of baseline asymptomatic participants with the Longest Gant treatment (n=22, 462 
average 8.44 years), the hazard ratio (95% CI) of time to first progression in CDR global for 463 
treatment group (n=22) compared to the main set of controls (n=74) was 0.41 (0.14 to 1.20); 464 
that for time to recurrent progression in CDR-SB was 0.57 (0.31 to 1.07). When comparing the 465 
treatment group with the extended control group (n = 86), the hazard ratio (95% CI) is 0.40 466 
(0.14 to 1.16) for time to first progression in CDR global and 0.53 (0.29 to 0.97) for time to 467 
recurrent progression in CDR-SB (Figure 3, Supplemental Table 3). For each population, the 468 
number and percentage of censored participants and reasons for censoring are presented in 469 
Supplemental Table 4. Sensitivity analyses conducted either by excluding double-blind placebo 470 
arm participants who did not enroll in OLE from the main set of control or by using control 471 
participants matched by baseline EYO, length of follow-up and mutation type, resulted in similar 472 
hazard ratios (Supplemental Table 5). 473 
 474 
For the OLE baseline asymptomatic group and the OLE period data only, the hazard ratio (95% 475 
CI) of time to first progression in CDR global for treatment group (n = 40) compared to the main 476 
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set of control (n=74) was 0.93 (0.33 to 2.58) and 1.32 (0.64, 2.70), respectively, for time to 477 
recurrent progression in CDR-SB. 478 
 479 
Other secondary outcomes: cognitive and biomarker 480 
 481 
The Functional Assessment Scale, MMSE, and OLE cognitive composite outcomes showed no 482 
significant differences in the annual rate of change between the gantenerumab treated group 483 
(OLE period data only) and the main set of controls for either the OLE baseline asymptomatic 484 
group or baseline symptomatic group (Table 2). Post-hoc analyses of recurrent progression in 485 
FAS and MMSE for baseline asymptomatic participants with the Longest Gant treatment 486 
compared to the extended set control showed the hazard ratio was 0.59 (95% CI 0.22 to 1.58, 487 
p=0.29) for FAS and 0.54 (95% CI 0.21 to 1.39, p=0.20) for MMSE. 488 
 489 
Gantenerumab treatment during the OLE period significantly improved CSF Aβ 1-42/1-40 (mean 490 
change from OLE baseline at year 3 in CentiMarker: -42; 95% CI, -52 to -31 , p<0.0001) and 491 
improved CSF p-tau181/tau181 (mean change from OLE baseline at year 3 in CentiMarker: -21; 492 
95% CI, -25 to -17, p<0.0001) (Table 2 and Figure 2B,C). Change from baseline in original 493 
scale were provided in Supplemental Table 9.   494 
 495 
No significant differences in the annual rate of change of Tau-PET SUVR were observed 496 
between the treatment group (OLE period only) and the internal control group for either the OLE 497 
baseline asymptomatic group or the symptomatic group (Table 2). 498 
 499 
Safety 500 
 501 
The safety profile of gantenerumab at doses up to 1500 mg every 2 weeks was consistent with 502 
that observed during the double-blind period17 and in other trials in SAD populations.12 However, 503 
the ARIA-E rate was approximately one-third higher in the OLE compared to the rate observed 504 
with the lower doses in the double-blind period. Table 3 and Supplemental Table 6 summarizes 505 
the incidence of TEAEs, which were greater than 10% in the OLE period. The most common 506 
TEAEs were infusion-related reactions (70%), upper respiratory tract infections (59%), and 507 
upper respiratory symptoms (45%). Treatment-emergent serious adverse events (SAEs) and 508 
adverse events leading to treatment discontinuation are detailed in Table 3 and Supplemental 509 
Table 6, summarized by system organ class and preferred terms. Among the 73 participants, 71 510 
participants had at least on TEAE, 9 participants (12%) experienced SAEs with 4/9 within the 511 
category of nervous system disorders. Two participants (3%) discontinued treatment and study 512 
due to AE. There was no death during the OLE period. 513 
 514 
During the OLE period, the combined incidence of amyloid-related imaging abnormalities 515 
(ARIA), including both ARIA-E (cerebral edema/effusion) and ARIA-H (hemorrhage), was 53% 516 
(39/73). Specifically, the incidence of ARIA-E was 30% (n=22/73). Among those receiving 517 
higher doses (≥1020 mg every 2 weeks), the incidence of ARIA-E was 28% (n=17/60). 518 
Additionally, eight out of 22 participants experienced recurrent ARIA-E, totaling 32 episodes. 519 
Most ARIA-E episodes occurred within the first 4.7 months of receiving the higher doses. MRI 520 
analyses show that most ARIA-E events were multifocal, had a predominant occipital 521 
distribution, and a mean resolution time of 59.5 days. ARIA-E episodes were primarily 522 
asymptomatic (26/32). Symptomatic cases exhibited mild symptoms such as headache or 523 
transient disorientation. Symptomatic ARIA-E leading to hospitalization (worsening headaches 524 
and cortical blindness) occurred in two participants and both resolved with drug discontinuation. 525 
The frequency of ARIA-E was higher among APOE ε4 homozygous participants (2/3) compared 526 
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to heterozygous participants (26%, 5/19) or non-carriers (29%,15/51). No cerebral 527 
macrohemorrhages were observed. No deaths were attributed to ARIA events. 528 

DISCUSSION 529 

The amyloid hypothesis of AD pathophysiology predicts that removal of cerebral amyloid should 530 
prevent or delay the onset of dementia or slow cognitive-behavioral decline. Clinical trials in 531 
DIAD presents an opportunity to test the hypothesis by initiating therapy in persons with brain 532 
amyloid deposits prior to symptom onset. The DIAN-TU-001 double-blind and OLE trials provide 533 
the longest test of this approach, and results suggest that removal of brain amyloid plaque years 534 
before clinical symptom onset might be associated with delay in symptom onset.  535 

There was no significant effect on the interim primary outcome of symptom onset CDR hazard 536 
ratio of shortest treated group (2-3 years, OLE only Gant) and the combined longest and 537 
shortest treated group (Any Gant).  Further, no significant treatment effect was observed in the 538 
cognitive composite, MMSE and FAS.  However, the outcomes from the longest-treated group 539 
(average 8.4 years, Longest Gant) suggest a possible benefit. The magnitude of effect of an 540 
approximately 50% slowing of dementia progression in the longest treated group is supported 541 
by multiple sensitivity analyses matching external and internal controls, the high predictability of 542 
disease onset and progression in DIAD mutation carriers, the large effect size point-estimate, 543 
similar magnitudes of effect on other clinical measures such as the FAS and MMSE, and the 544 
robustness of the CDR as a clinical measure of cognition and function.  Further, ad-hoc analysis 545 
of the randomised controlled trial baseline asymptomatic gantenerumab arm double-blind period 546 
only, demonstrated a similar, but not significant, 49% slowing in the recurrent progression of 547 
CDR-SB compared to baseline asymptomatic placebo arm. These preliminary findings should 548 
be tested and confirmed with continued long-term follow-up and treatment of this unique cohort. 549 

Even though the hazard ratios (HR) for CDR global, FAS and MMSE were not statistically 550 
significant, the magnitude of ~40-50% are similar to HRs based on CDR-SB. For CDR global, 551 
only the first progression was considered and therefore it is less powerful than the recurrent 552 
progression for CDR SB. The negative findings of the Any Gant (the shortest and longest 553 
treated groups combined) and OLE cohorts in CDR, cognitive composite, MMSE and FAS 554 
based on OLE only period data could be due to double-blind solanezumab and placebo treated 555 
participants having only been treated for 2 to 3 years of gantenerumab without sufficient amyloid 556 
plaque removal to normal levels.  Further, long-term follow-up may be needed, as only those 557 
followed for years can an effect in controls and treated groups be observed. Due to the limited 558 
sample size in this rare disease population, achieving statistically significant results is 559 
challenging and we note the magnitude of the effect sizes and 95% CI can provide biological 560 
and clinical information. 561 

There was substantial dose-dependent amyloid removal as measured by the final primary 562 
outcome and analyses of dose-response.  We tripled the dose of gantenerumab in the OLE 563 
study to increase amyloid removal. Even at this dose, amyloid plaques were not fully cleared in 564 
70% of participants after one year of dose titration and one year at maximum doses, though 565 
there was substantial progress toward amyloid removal (most with Centiloid <25, supplemental 566 
figure 6) with an acceptable safety profile. Whether even more effective amyloid removal would 567 
further increase clinical benefit remains an open question. 568 
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In the presence of amyloid removal therapy, we observed improvement of biomarkers CSF Aβ 569 
42/40 ratio and p-tau181, approaching or even reaching the values considered normal in control 570 
groups. In this trial, biomarker levels reached normal levels in asymptomatic participants, 571 
including in some individuals who were past their EYO, with a rate of biomarker change directly 572 
proportional to dosage, suggesting a potential dose-dependent effect, with a hypothetical 573 
plateau in the biomarker improvement towards normality when all plaques are removed. There 574 
was no significant treatment effect on tau PET in the overall group, similar to observations in 575 
SAD. However, future comparisons of the amount of tau pathology between the longest treated 576 
and control groups are underway. 577 

The safety of anti-amyloid monoclonal therapy in early-stage symptomatic clinical AD (MCI and 578 
mild AD dementia) has been assessed in the context of restricted patient selection (e.g. 579 
microhemorrhages <5 with durations of only a few years). The participants in the DIAN-TU-001 580 
trial have experienced the longest exposures to, and highest dosages of, gantenerumab 581 
administered to date, providing invaluable safety experience. Safety data from the DIAN-TU-001 582 
OLE study indicate that tripling the dose of gantenerumab is reasonably well tolerated in DIAD 583 
populations, with the incidence and severity of adverse events remaining comparable to 584 
sporadic AD populations. However, higher doses in the OLE resulted in a third higher incidence 585 
than the double-blind period.10 Development of spontaneous ARIA with haemosiderosis or 586 
microhemorrhage (ARIA-H) and a potentially associated increasing risk of ARIA-E has been 587 
noted in this DIAD population, with ARIA most often seen in symptomatic participants or those 588 
nearing their mutation EYO. As trials are implemented in asymptomatic participants to treat 589 
earlier phases of amyloid plaque deposition or for the primary prevention of plaques, it will be 590 
important to learn the degree of risk for ARIA events associated with these earlier regimens. 591 
Our experience to date is consistent with reduced risk at earlier stages of amyloid pathology. 592 
Most ARIA events were not associated with clinical symptoms. Careful MRI monitoring—593 
particularly in the early stages of anti-amyloid treatment—allowed therapy to proceed without 594 
evidence of lasting impairment caused by ARIA. Additionally, the higher doses of gantenerumab 595 
were not associated with new or unexpected safety findings. These safety results were obtained 596 
by using a slow dose escalation that also reduced the reaching and duration of exposure to full 597 
doses of gantenerumab, but may have allowed early detection and management strategies to 598 
closely assess (radiologically and clinically) and to mitigate progression and clinical impact of 599 
ARIA-E. This approach could have mitigated the severity and impact of ARIA, contributing to the 600 
relatively low number of symptomatic cases and ensuring that episodes were fully reversible. 601 
Alternatively, the slow titration may not have had an impact on the rate of ARIA, or ARIA 602 
detection, management, and safety outcomes. 603 

Risks for ARIA-E in DIAD parallel those reported for gantenerumab in SAD, including increased 604 
risk of ARIA-E with APOE ε4 status and number of microhemorrhages.12 Observed ARIA-E 605 
rates were comparable to the TRAILBLAZER-ALZ2 and GRADUATE trials (~25%) with 606 
gantenerumab in SAD.  However, rates were higher than the 12% reported in the CLARITY AD 607 
trial of lecanemab in SAD. The higher ARIA-H relative to the double-blind period likely results 608 
from the combined effect of higher doses and disease progression. Previous DIAN Obs natural 609 
history studies have shown increased number and frequency of microhemorrhages with disease 610 
progression.18 Thus, the natural increase in vascular amyloid due to disease progression, 611 
combined with higher amyloid-modifying therapies doses, contributes significantly to the 612 
increased ARIA-H incidence during the OLE phase. 613 
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These results are encouraging but limited by the long asymptomatic phase of the disease, the 614 
incomplete removal of amyloid with gantenerumab, limited participant numbers, drop-outs, and 615 
the evolving nature of the trial design (Figure 1). The nature of OLE may introduce potential 616 
measurement and selection bias. To minimize bias, participants and assessors were blinded to 617 
the prior treatment assignment. A sensitivity analysis for a matched control group to account for 618 
potential baseline differences and selection bias was performed. These sensitivity analyses 619 
support the main findings of reduced clinical onset and progression of the longest treated group. 620 
We also evaluated attrition and survivorship bias, noting very little attrition in the asymptomatic 621 
group from baseline double-blind to the OLE period (28% total attrition). As the hazard ratio may 622 
change over time, its interpretation should be restricted to the follow-up duration of the study. 623 
The use of external and internal controls, the limited follow-up duration, and difference in the 624 
follow-up duration between treatment and control groups limit the conclusiveness of these 625 
observations, warranting additional follow-up. These limitations are mitigated by the large 626 
degree of amyloid plaque removal, the consistency between clinical and biological measures 627 
improving towards normal, and the large clinical effect size seen in the longest treated group. 628 

Anti-amyloid therapy trials in presymptomatic populations at risk for developing AD, including 629 
the Alzheimer’s Prevention Initiative Autosomal Dominant Alzheimer’s Disease Colombia trial of 630 
crenezumab in individuals with PSEN1 E280A mutation and the Anti-Amyloid Treatment in 631 
Asymptomatic Alzheimer’s Disease (A4) Phase 3 trial of solanezumab, have not demonstrated 632 
slowing of cognitive decline before. Amyloid removal measured by amyloid PET was minimal in 633 
each trial. Negative trial outcomes may be due to incorrect targets (e.g. soluble only species), 634 
inadequate doses or insufficient treatment duration (4 years for double-blind period vs. 8 years 635 
follow-up in this OLE).  In this extended trial, we found clinical indicators of delayed progression 636 
in those treated for the longest with gantenerumab, which removed most amyloid plaques. To 637 
date, all trials in mutation carriers have predicted outcomes in late-onset SAD (see 638 
Supplemental Table 7), and so an open question is whether these findings will be replicated in 639 
ongoing prevention trials of SAD that remove plaques.19,20 640 

In conclusion, while further investigation and larger-scale trials are needed to confirm the 641 
observed clinically significant but statistically uncertain clinical effects observed in the those 642 
treated the longest, we believe that amyloid removal (the final primary outcome) and biomarker 643 
effects offer cautious optimism that disease modification in individuals at risk for AD may be 644 
possible. We launched the DIAN-TU Amyloid Removal Trial (NCT06384573) to continue 645 
following this cohort to determine the robustness of these findings and if this cohort continues to 646 
be protected from dementia onset. Furthermore, ongoing follow-up could enable the 647 
development of more accurate ARIA predictors, which is critical for improving participant 648 
management, by identifying high-risk participants and increasing the frequency of monitoring 649 
and dose adjustments. Continued follow-up of this unique DIAN-TU cohort exposed to long-term 650 
amyloid-plaque reducing monoclonal antibodies, other DIAN-TU cohorts, and the results of 651 
other ongoing prevention trials in SAD will be crucial in shaping the future direction of AD 652 
prevention efforts. 653 

 654 

 655 

Research in context 656 
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Evidence before the study 657 
In 2012, the Dominantly Inherited Alzheimer Network Trials Unit (DIAN-TU) launched a 658 
pioneering prevention platform trial (DIAN-TU-001, NCT01760005) to investigate the efficacy of 659 
anti-amyloid antibodies solanezumab and gantenerumab in delaying symptom onset and 660 
slowing progression in asymptomatic and mildly symptomatic Dominantly Inherited Alzheimer’s 661 
Disease (DIAD) mutation carriers. Other prevention trials launched and completed, including the 662 
Alzheimer’s Prevention Initiative (API) Autosomal Dominant Alzheimer’s Disease (ADAD) 663 
Colombia trial of crenezumab in 2013 (NCT01998841) and the Anti-Amyloid Treatment in 664 
Asymptomatic Alzheimer’s Disease (A4) trial of solanezumab in 2014 (NCT02008357). In the 665 
DIAN-TU-001 trial, gantenerumab did not meet its primary endpoint of slowing cognitive decline 666 
in combined cohorts that included participants with symptoms of dementia. However, it 667 
demonstrated significant but incomplete reduction of amyloid-plaques in a dose-dependent 668 
fashion, with improvements in CSF biomarkers of amyloid deposition, phosphorylated-tau, and 669 
neurodegeneration, particularly in asymptomatic DIAD mutation carriers. Furthermore, 670 
downstream CSF and blood-based biomarkers showed that gantenerumab treatment 671 
significantly improved multiple measures of synaptic degeneration, microglial activity, other 672 
inflammatory markers and astrocyte activation markers. In contrast, the prevention trials of 673 
solanezumab and crenezumab, antibodies targeting soluble amyloid-beta, did not demonstrate 674 
delay or slowing of cognitive decline or substantial amyloid removal measured by amyloid PET 675 
or improvements in other biomarkers. Together, these results provided the rationale for 676 
continuing gantenerumab treatment in an open-label extension study (NCT06424236) at higher 677 
doses to achieve full amyloid removal and determine if the onset of symptomatic disease 678 
progression could be delayed.  679 
 680 
The evidence gathered to provide rationale for the study was from known literature of 681 
Alzheimer’s disease searched for on PubMed, prevention trials registered at ClinicalTrials.gov, 682 
and other repositories. The DIAN Observational Study, established in 2008, serves as the key 683 
scientific and discovery study for DIAD and provides a wealth of natural history information 684 
about clinical, cognitive, and biomarker trajectories in both the asymptomatic and symptomatic 685 
disease phases.9,26 These data provide the basis for DIAN-TU prevention trial design.27,28  686 
 687 
Added value of the study 688 
The DIAN-TU gantenerumab findings suggest for the first time in a clinical trial, that early 689 
treatment and removal of amyloid plaques during the asymptomatic phase of disease might 690 
delay the onset and decrease the risk of AD progression. Furthermore, this study provides 691 
valuable insights into the safety of long-term treatment (~8 years) with amyloid removing 692 
therapies at high doses. 693 
 694 
Implications of all the available evidence 695 
Phase 3 trials in sporadic late-onset Alzheimer’s disease demonstrate treating early 696 
symptomatic stages (MCI to mild dementia) slows progression by ~30%. However, the optimal 697 
timing to treat asymptomatic or presymptomatic individuals to prevent or delay Alzheimer's 698 
remains uncertain. The DIAN-TU trial of gantenerumab suggests that substantial amyloid 699 
plaque removal in presymptomatic DIAD mutation carriers might delay and slow the onset and 700 
progression in the longest treated group by 50%, but only in those reaching near normal 701 
amyloid levels or treated many years before symptom onset. Further research is needed to 702 
clarify the extent to which complete amyloid removal can delay, slow, or prevent AD dementia in 703 
this group of DIAD mutation carriers and in the general population. These questions will be 704 
addressed in ongoing studies in DIAD (the DIAN-TU Amyloid Removal Trial), and in ongoing 705 
late-onset prevention trials.  706 
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FIGURE LEGENDS 

Figure 1. Trial profile. Gantenerumab/solanezumab double-blind and gantenerumab open-
label extension arms of the DIAN-TU-001 prevention trial.  The sample sizes presented are for 
the mITT population of the primary endpoint for interim analysis (n=53) and final analysis 
(n=55).  Participants who met inclusion criteria and were analysed according to the pre-
specified primary analyses are shown. See Supplemental Figure 7 for participant retention, 
drop-out, and duration of treatment. *All participants did not have all outcome measurements, 
thus the sample size is different for different endpoints. 

Figure 2. Primary and secondary biomarker outcomes. Estimated mean change from open-
label extension (OLE) baseline (95% confidence intervals) for the treatment group using mixed 
model for repeated measures analyses for (A) the primary outcome of the OLE - brain amyloid 
burden measured by the average standardized uptake value ratio (SUVR) of cortical regions of 
interest (superior frontal, rostral middle frontal, superior temporal, middle temporal, lateral 
orbitofrontal, medial orbitofrontal and precuneus), assessed by 11C-Pittsburgh compound-B 
positron emission tomography (PiB-PET) and shown in Centiloids, (B) cerebrospinal fluid (CSF) 
Aβ42/40, and (C) CSF phospho-tau181/non-phosphorylated tau. *P < 0.05, **P < 0.01, ***P < 
0.001. 

Figure 3. Probability of progression in CDR global and CDR-SB estimated from the Cox 
proportional hazards model. Lower probability of progression in treatment group and hazard 
ratio indicates higher reduction in the risk of progression and therefore better treatment effect. A 
and B. Any Gant mITT population baseline asymptomatic group vs main set of control; C and D. 
Longest Gant mITT population baseline asymptomatic group vs main set of control; E and F. 
Longest Gant mITT population baseline asymptomatic group vs extended set of control; G and 
H. OLE only Gant mITT population baseline asymptomatic group vs main set of control. 
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TABLES 

Table 1. Demographics and baseline characteristics of the analysis populations for the gantenerumab open-label extension  

   Overall  Baseline Asymptomatic   

 
OLE only Gant  

baseline  
 (n = 62)  

Main set of  

control  
 (n = 144)  

Any Gant  

treated mITT  

(n = 53)    

Longest Gant  

treated mITT 

(n = 22)  

OLE only Gant 

baseline  
 (n = 40)  

Main set of  

control  
 (n = 74)  

Extended set of 

control  
(n = 86)  

Age (years)  

(mean ± SD)  
48.3 ± 8.03 41.7 ± 9.89 43.0 ± 8.07 43.1 ± 7.32 46.1 ± 7.20 37.24 ± 9.47 37.6 ± 9.11 

Female (n (%))  35 (56) 81 (56) 28 (53) 11 (50) 24 (60) 46 (62) 55 (64) 

Male (n (%)) 27 (44) 63 (44) 25 (87) 11 (50) 16 (40) 28 (38) 31 (36) 

Race (n (%))        

    White 56 (90) 112 (78) 49 (92) 21 (95) 37 (93) 55 (74) 64 (74) 

     Black or African  

     American 
0 1 (1) 0 0 0 1 (1) 1 (1) 

     Other 6 (10) 31 (22) 4 (8) 1 (5) 3 (8) 18 (24) 21 (24) 

Ethnicity (n (%))        

     Hispanic 8 (13) 24 (17) 8 (15) 3 (14) 7 (18) 14 (19) 17 (20) 

     Not Hispanic 54 (87) 119 (83) 45 (85) 19 (86) 33 (83) 59 (80) 68 (79) 

     Unknown 0 1 (1) 0 0 0 1 (1) 1 (1) 

Gene (n (%))         
     APP  7 (11) 22 (15) 3 (6) 0 (0) 3 (7) 9 (12) 10 (12) 

     PSEN1  50 (81) 113 (78) 45 (85) 19 (86) 32 (80) 58 (78) 68 (79) 

     PSEN2  5 (8) 9 (6) 5 (9) 3 (14) 5 (13) 7 (9) 8 (9) 

APOE ε4 (n (%))  17 (27) 43 (30) 17 (32) 4 (18) 10 (25) 18 (24) 21 (24) 

EYO  
median (Q1, Q3) 

0.33 (-3.62, 4.01) -2.91 (-11.71, 2.14) -5.86 (-9.03, -0.34) -7.16 (-10.53, -5.14) -2.84 (-5.71, 0.58) -10.77 (-13.59, -4.17) -9.61 (-13.39, -4.39) 

     CDR 0 (n (%))  40 (65) 74 (51) 53 (100) 22 (100) 40 (100) 74 (100) 86 (100) 

     CDR 0.5 (n (%))  10 (16) 54 (38) 0 0 0 0 0 

     CDR 1 (n (%))  10 (16) 16 (11) 0 0 0 0 0 

CDR-SB  
median (Q1, Q3) 

0 (0, 2.00) 0.50 (0, 2.50) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 

FAS median (Q1, Q3) 0 (0, 1.11) 0 (0, 3.75) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 

Cognitive composite  0.45 (-0.13, 0.99) 0.07 (-0.49, 0.61) 0.67 (0.14, 1.04) 0.58 (0.14, 1.02) 0.78 (0.32, 1.12) 0.48 (0.15, 0.86) 0.50 (0.18, 0.85) 
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median (Q1, Q3) 

MMSE 
median (Q1, Q3) 

29.0 (27.0, 30.0) 28.5 (25.0, 30.0) 30.0 (28.0, 30.0) 30.0 (29.0, 30.0) 30.0 (29.0, 30.0) 29.0 (29.0, 30.0) 29.0 (29.0, 30.0) 

PiB-PET SUVR 
median (Q1, Q3) 

2.3 (1.6, 3.4) 2.2 (1.5, 3.2) 2.0 (1.2, 2.7) 1.7 (1.5, 2.2) 1.9 (1.3, 2.6) 1.7 (1.1, 2.5) 1.7 (1.2, 2.5) 

PiB-PET Centiloid  
median (Q1, Q3) 

48 (19, 96) 52 (14, 90) 44 (10, 65) 26 (14, 48) 31 (10, 63) 26 (2, 59) 32 (7, 59) 

Total dose (mg) 
median (Q1, Q3) 

61.4K (39.5K, 101.4K) 0 62.4K (44.8K, 102.6K) 110.5K (90.3K, 122.2K) 68.6K (53.2K, 110.5K) 0 0 

 
aFor Any Gant treated mITT, double-blind baseline was used for prior gantenerumab treated participants and OLE baseline was used 
for prior placebo and solanezumab treated participants. For Longest Gant treated mITT, double-blind baseline was used. For OLE 
only Gant, OLE baseline was used. Any Gant=participants treated with gantenerumab in either the double-blind or OLE period, 
APOE ε4=presence of at least one ε4 allele of apolipoprotein E, APP=amyloid precursor protein, CDR=Clinical Dementia Rating, 
CDR-SB=Clinical Dementia Rating – Sum of Boxes, EYO=estimated years to symptom onset, FAS=Functional Assessment Scale, 
Longest Gant=participants treated with gantenerumab in both the double-blind and OLE periods, mITT=modified intent-to-treat 
population, OLE only Gant=participants treated with gantenerumab in the OLE period, PiB-PET=11C-Pittsburgh compound-B positron 
emission tomography, PSEN1=presenilin-1, PSEN2=presenilin-2, SUVR=standardized uptake value ratio. 
 
Sex was determined by participant self-report.   
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Table 2. Final Analysis Secondary outcomes. For cognitive composite, FAS and MMSE, 
positive difference in rate of change indicates positive treatment effect. For tau PET SUVR, 
negative difference in rate of change indicates positive treatment effect. For CentiMarker, 
negative change from baseline indicates positive treatment effect. 
 

OLE only Gant mITT population 
at baseline  

Gantenerumab/ 
control groups 

(n) 

Group difference in 
rate of change  

(95% CI) 

P value 

OLE Cognitive Composite       

    Asymptomatic   n=43 / n=73 0.04 (-0.12 to 0.20) 0.64 

    Symptomatic   n=20 / n=70 0.04 (-0.18 to 0.26) 0.75 

Functional Assessment Scale      

    Asymptomatic   n=43 / n=74 -0.06 (-0.46 to 0.33) 0.76 

    Symptomatic   n=22 / n=69 -1.21 (-2.63 to 0.20) 0.093 

Mini-Mental State Examination    

    Asymptomatic  n=43 / n=74 0.00 (-0.43, 0.44) 0.99 

    Symptomatic  n=22 / n=70 0.20 (-0.86, 1.25) 0.71 

Tau-PET SUVR       

    Asymptomatic   n=38 / n=5 -0.03 (-0.18 to 0.13) 0.74 

    Symptomatic   n=19 / n=7 0.19 (-0.28 to 0.66) 0.40 

       

OLE only Gant treated 
population 

Gantenerumab 
group (n) 

Mean change from 
baseline (95% CI) 

P value 

Change from baseline to year 3 in 
CSF Amyloid-beta 1-42/1-40 
(CentiMarker)  

60 -42(-52, -31) < 0.0001 

Change from baseline to year 3 in 
CSF p-tau181/tau181 
(CentiMarker) 

60 -21 (-25, -17) < 0.0001 

Any Gant=participants treated with gantenerumab in either the double-blind or OLE period, 
CDR=Clinical Dementia Rating, CDR-SB=Clinical Dementia Rating – Sum of Boxes, 
CI=confidence interval, CSF=cerebrospinal fluid, Longest Gant=participants treated with 
gantenerumab in both the double-blind and OLE periods, mITT=modified intent-to-treat 
population, OLE only Gant=participants treated with gantenerumab in the OLE period, PiB-
PET=11C-Pittsburgh compound-B positron emission tomography, p-tau181=phosphorylated tau 
at threonine 181, tau181=non-phosphorylated tau at threonine 181, SUVR=standardized uptake 
value ratio 

For the Functional Assessment Scale, Tau-PET and CSF NfL, a negative difference indicates 
positive treatment effect. For the cognitive composite and MMSE (a component of the cognitive 
composite), a positive difference indicates positive treatment effect. For CSF Amyloid-beta 1-

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted January 29, 2025. ; https://doi.org/10.1101/2024.10.29.24316289doi: medRxiv preprint 

https://doi.org/10.1101/2024.10.29.24316289
http://creativecommons.org/licenses/by-nc-nd/4.0/


42/1-40, a positive change from baseline indicates positive treatment effect. For CSF p-
tau181/tau181, a negative change from baseline indicates positive treatment effect. 
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Table 3. Treatment Emergent Adverse Events by Treatment Group 
 

Double-blind period  Open-label extension period  
   Shared placebo  

(N=40)   
n (%)   

Gantenerumab 
(N=52)   
n (%)   

   Gantenerumab  
(≥1020 mg Q2W; N=60)   

n (%)   

Gantenerumab  
(all doses; N=73)   

n (%)   

Injection site reactions   18 (45)   47 (90)   
Infusion 
reactions   47 (78)   51 (70)   

Amyloid related imaging abnormalities (ARIA) 

ARIA-E 1 (3) 10 (19)   17 (28)   22 (30)   

ARIA-H          

     Microhemorrhage  4 (10) 13 (25)   24 (40)   34 (47)   
Superficial 
siderosis 0 (0) 2 (4)   3 (5)   5 (7)   

 
ARIA=amyloid-related imaging abnormalities, ARIA-E=amyloid-related imaging abnormalities with edema, ARIA-H=amyloid-related 
imaging abnormalities with haemosiderosis/microhemorrhages, LP=lumbar puncture, Q2W=every 2 weeks 
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