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ABSTRACT 28 

Background: Disease-modifying therapies (DMTs) for Alzheimer's disease (AD) are emerging 29 

following successful clinical trials of therapies targeting amyloid beta (Aβ) protofibrils or 30 

plaques. Determining patient eligibility and monitoring treatment efficacy and adverse events, 31 

such as Aβ-related imaging abnormalities, necessitates imaging with MRI and PET. The 32 

Canadian Consortium on Neurodegeneration in Aging Imaging Workgroup aimed to synthesize 33 

evidence and provide recommendations on implementing imaging protocols for AD DMTs in 34 

Canada. 35 

Methods: The Workgroup employed a Delphi process to develop these recommendations. 36 

Experts from radiology, neurology, biomedical engineering, nuclear medicine, MRI, and medical 37 

physics were recruited. Surveys and meetings were conducted to achieve consensus on key 38 

issues, including protocol standardization, scanner strength, monitoring protocols based on risk 39 

profiles, and optimal protocol lengths. Draft recommendations were refined through multiple 40 

iterations and expert discussions. 41 

Results: The recommendations emphasize standardized acquisition imaging protocols across 42 

manufacturers and scanner strengths to ensure consistency and reliability of clinical treatment 43 

decisions; tailored monitoring protocols based on DMTs’ safety and efficacy profiles; consistent 44 

monitoring regardless of perceived treatment efficacy; and MRI screening on 1.5T or 3T 45 

scanners with adapted protocols. An optimal protocol length of 20 to 30 minutes was deemed 46 

feasible; specific sequences are suggested. 47 

Conclusion: The guidelines aim to enhance imaging data quality and consistency, facilitating 48 

better clinical decision-making and improving patient outcomes. Further research is needed to 49 

refine these protocols and address evolving challenges with new DMTs. It is recognized that 50 

administrative, financial, and logistical capacity to deliver additional MRI and PET scans require 51 

careful planning.  52 
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1. INTRODUCTION 53 

Following successful clinical trials of monoclonal antibody therapies such as aducanumab 54 

(1), lecanemab (2), and donanemab (3), disease-modifying therapies (DMT) for Alzheimer’s 55 

disease (AD) have now received regulatory approval in many countries. These therapies, which 56 

bind with high affinity to amyloid beta (Aβ) protofibrils or plaques, have been tested in 57 

multicenter, randomized, double-blind, placebo-controlled, phase 3 trials that enrolled 58 

participants with early symptomatic AD (i.e., mild cognitive impairment/mild dementia). They 59 

have all shown, to varying degrees, (a) significant removal of Aβ plaques, as evidenced primarily 60 

using positron emission tomography (PET) Aβ imaging, accompanied by (b) significantly 61 

slowed clinical progression (2, 4, 5). 62 

Participants in these trials had spontaneous or treatment-related adverse events, with some 63 

detectable as magnetic resonance imaging (MR) signal abnormalities. These are now referred to 64 

as amyloid-related imaging abnormalities (ARIA) and are of two types, either with 65 

edema/effusion (ARIA-E) or with hemosiderosis/microhemorrhages (ARIA-H) (6, 7). Both 66 

forms of ARIA may occur in the same individual. While most ARIA cases in the trials were 67 

asymptomatic, symptomatic ARIA-E cases occurred at higher doses and most, but not all, 68 

resolved within 3-4 months or upon treatment cessation (8). The presence of prior 69 

microhemorrhages on baseline MRI, apolipoprotein E polymorphism, and treatment dosage are 70 

major risk factors for both ARIA-E and ARIA-H, as well as their severity (8). The value of 71 

clinical imaging – PET and MR - is therefore two-fold: to determine if patients are suitable for 72 

treatment initiation, and whether they can continue receiving treatment, in the face of ARIA risk. 73 

Hence, use of DMTs in AD will require baseline pre-treatment and follow-up MRI during 74 

treatment, as well as some form of Aβ evaluation, preferably using PET (9, 10). 75 

In the Canadian context, both recommendations would place a significant burden on 76 

radiological and nuclear medicine resources. The availability of MR and PET imaging in Canada 77 

varies greatly between provinces, and it is readily recognized that the number of scans required 78 

to properly qualify and monitor treatment in DMT candidates add to the already substantial 79 

burden on the capacity of our imaging facilities. Unquestionably, additional research and 80 

planning are needed to clarify MRI and PET capacity, with respect to the number of DMT 81 

candidates in any given region. Until this research is done, we are unable to comment on the 82 
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impact of AD DMTs on current MRI and PET wait list times. Rather, the scientific community 83 

can provide partial answers for such clinical questions as imaging protocols, imaging frequency, 84 

scanner strength, and other parameters that directly impact the quantity, quality, and type of 85 

imaging that will be required of the clinical imaging ecosystem. 86 

At the Canadian level, the Canadian Consortium for Neurodegeneration in Aging (CCNA) is 87 

one of the major networks of academic and clinical researchers devoted to aging and dementia. 88 

The breadth and depth of expertise among CCNA members can be harnessed to formulate 89 

recommendations based on the most current evidence. Such recommendations could then inform 90 

regulatory and other governmental bodies. A recent example in this context was the CCNA’s 91 

position statement against Health Canada regulatory approval for aducanumab, based on a lack 92 

of evidence to conclude that this DMT met accepted criteria for clinical efficacy, safety, and 93 

risks/benefits of a therapy for AD (11). While aducanumab ended up not being approved in 94 

Canada (and has now been removed from the American market for non-clinical reasons), a 95 

regulatory answer is expected for the two most recent DMTs (lecanemab, donanemab) in 96 

Canada, following their approval in the United States. The CCNA therefore identified a need to 97 

provide considerations regarding their clinical implementation, as well as suggestions for a 98 

Canadian research agenda. Consequently, alongside several other workgroups addressing other 99 

aspects of AD DMTs, the CCNA has convened a Work Group to provide an overview of clinical 100 

and scientific challenges related to medical imaging given the potential arrival of new DMTs for 101 

AD in Canada. 102 

2. METHODS 103 

Workgroup activities were centered around a Delphi process, illustrated in Figure 1. The 104 

Workgroup was created once the CCNA mandate was received on 24 July 2023. Following this 105 

call to action, an initial cadre of specialists was recruited from across Canada to represent a range 106 

of expertise: radiology, neurology, biomedical engineering, nuclear medicine, MR imaging, and 107 

medical physics (cf. Figure 1). 108 

INSERT Figure 1 – Overview of the Delphi process for the imaging Workgroup of the CCNA 109 

on DMT in AD.  110 

At a starting round, the CCNA mandate as provided was approved by all members 111 

unanimously. It was further decided to add MR imaging (e.g., MR technologist) and nuclear 112 
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medicine expertise to the Workgroup. Given that the Workgroup was not focused on 113 

implementation issues related to access, expertise in epidemiology, hospital administration, and 114 

health economics was not incorporated. 115 

Following this initial meeting, several issues were raised and formed the core of the 116 

Delphi process, with surveys being sent to Workgroup members using the SurveyMonkey 117 

platform (https://www.surveymonkey.com); answers collected and analyzed; and a debrief 118 

meeting conducted after each survey to identify questions that remained unanswered or 119 

contentious. 120 

Four meetings were held between 01 Sep 2023 and 25 Jan 2024. The draft version of this 121 

manuscript was edited and circulated to Workgroup members in late February – early March 122 

2024, and discussed in Montreal, QC on 21 March 2024. The final version contains the 123 

recommendations from the Workgroup, alongside the proportion of experts who agreed with 124 

each recommendation. Strong agreement was defined as over 80% agreement among experts, 125 

and moderate agreement as 60–79% agreement. 126 

3. RESULTS 127 

3.1 Protocols summary 128 

Table 1 and 3 respectively detail salient features of the recent trials of DMTs for AD as well as 129 

the accompanying imaging protocols. In all trials, several follow-up MRIs were obtained to 130 

screen for the presence of ARIA-E and ARIA-H, however, the exact frequency and timing 131 

varied. In fact, it was found that MRI parameters were not specified in sufficient detail in trial 132 

publications and supplemental trial protocol documents to reproduce the drug-specific MRI 133 

protocol in routine practice; for example, there were incomplete details on the MRI field 134 

strength, slice thickness, and sequence types. Notwithstanding, it appears likely that clinical trial 135 

design was influenced by the Sperling 2011 consensus recommendations for standards for MRI 136 

screening for ARIA (required minimum field strength 1.5T, maximum slice thickness of 5 mm 137 

(without any specification on slice gaps), and GRE “recommended” as it was “presently 138 

available on any scanner worldwide”) (6). 139 
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Recommendation 1: Trials of AD DMTs should report complete MRI sequence parameters, in 140 

either the main trial publication or supplemental documents, and in sufficient details to allow 141 

their reproduction in clinical practice. 142 

3.2 Tailoring monitoring protocols by drug 143 

Apart from the specifics of the images to be acquired, the issue of tailored monitoring 144 

was quickly raised by the expert panel. Effectively, each DMT trial used a slightly different 145 

follow-up imaging protocol that depended in part on their expected risk and efficacy profiles. 146 

Should this approach be maintained as these drugs are released to the general patient population? 147 

On the one hand, recommendations should be based on the evidence collected in the trials 148 

and hence, the use of each drug should incorporate the same monitoring protocol as trialed. Each 149 

drug has – and future drugs will also exhibit – different safety and efficacy profiles, and these 150 

drive the frequency, comprehensiveness, and evaluation of monitoring to be performed. Not all 151 

risk profiles were ‘discovered’ in the trials, as the cohorts were well characterized and, by 152 

design, as homogeneous as possible. Prudence therefore suggests that we do not venture away 153 

from what, at a minimum, was used for the trialed group. On the other hand, this approach will 154 

rapidly complicate an already complex provisioning system for imaging services. A standardized 155 

protocol, for all DMTs, would be more practical, clinically easier to deliver, and allow for head-156 

to-head comparisons of biomarkers of interest. 157 

Recommendation 2: Tailored monitoring protocols should be used for each drug that follow 158 

regulatory guidelines if issued, or appropriate use recommendations if regulatory guidelines are 159 

not available., A common protocol may be considered when more information becomes available 160 

on drug safety, efficacy, side effects, and risk profiles (91% agreement). 161 

3.3. Tailoring monitoring protocol by risk profiles 162 

The risk profiles of individuals undergoing treatment can vary significantly based on 163 

factors such as APOE status, sex, ethnicity, and pre-existing cerebrovascular conditions. These 164 

risk factors can influence both the safety and efficacy of the treatment, making it crucial to 165 

consider them when designing monitoring protocols. Additionally, most ARIA emerges in the 166 

first months of treatment, raising the question of whether longer term routine surveillance is 167 

always necessary and whether it is cost effective (12). 168 
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Currently, the available data on how these risk factors specifically impact the safety and 169 

efficacy of DMTs is limited. As a result, the expert panel concluded that there is insufficient 170 

information to justify deviating from the established monitoring protocols at this time. However, 171 

the importance of continuing to explore adverse events in immunotherapy trials to better 172 

understand risks and inform future treatments is recognized, alongside further studies to better 173 

understand how these risk factors interact with DMTs. 174 

By maintaining current protocols until more data is available, we ensure patient safety 175 

and the integrity of the monitoring process. Future research will provide the necessary insights to 176 

tailor monitoring protocols more precisely to individual risk profiles, enhancing the overall 177 

effectiveness and safety of DMTs for AD. 178 

Recommendation 3: Further studies of the safety, efficacy, side effects, and risk profiles 179 

associated with various risk factors should be performed before deviating from the current 180 

monitoring protocols (100% agreement). 181 

3.4 Tailoring monitoring protocols by treatment efficacy 182 

The efficacy of DMTs for AD can vary, which raises the question of whether monitoring 183 

protocols should be adjusted based on the observed efficacy of each treatment. For instance, a 184 

reduction in the frequency of scans might be considered if a treatment is shown to be less 185 

effective as it is liable to be discontinued. However, this approach must be carefully evaluated to 186 

ensure patient safety and treatment efficacy. 187 

The expert panel discussed whether individualized or group-level adjustments to monitoring 188 

protocols based on treatment efficacy are warranted. Each DMT exhibits different safety and 189 

efficacy profiles, influencing the frequency and comprehensiveness of the required monitoring. 190 

The consensus was that the monitoring protocol should remain consistent regardless of the 191 

perceived efficacy of an individual’s treatment. This ensures that any adverse effects or 192 

complications are promptly detected and managed, maintaining the overall safety and well-being 193 

of patients. Further, maintaining a consistent monitoring protocol allows for standardized data 194 

collection and comparison across different treatments, facilitating a more accurate assessment of 195 

long-term safety and efficacy. It also ensures that all patients receive the same level of care and 196 

monitoring, regardless of the specific DMT they are receiving. 197 
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Recommendation 4: The monitoring protocol should not be changed even if treatment with any 198 

DMT is not shown to be optimally effective (100% agreement). 199 

3.5 Scanner magnetic field strength 200 

Clinical MR scanner magnetic field strengths, expressed in Tesla (T), range from low- 201 

(0.0625T-1.0T) to higher-field systems (3.0T). A survey of 455 Canadian medical facilities (e.g., 202 

hospitals, clinics) with MRI units found that most scanners (80.9%) operated at 1.5T field 203 

strength, with 17.1% of centers housing a 3T system (13). Few centers operated at or below 1T 204 

(0.9%). It was recognized that 3T scanners provide a higher contrast-to-noise ratio, which can 205 

improve the detection rate and visibility of lesions – for example cerebral microbleeds (10) - 206 

however, there are more artifacts at higher field strength (14), while some implants/devices only 207 

have conditional approval at lower field strengths. 208 

Recommendation 5: MRI screening and monitoring can be performed on either 1.5T or 3T 209 

scanners, provided protocols are adapted to acquire similar tissue contrasts at comparable 210 

resolution (100% agreement). 211 

3.6 MR protocol management and general definition 212 

Standardizing MR protocols is essential to simplify clinical implementation, enhance 213 

reproducibility across different centers, and facilitate the training of radiologists. The adoption of 214 

common standards ensures that imaging data are consistent, reliable, and comparable, which is 215 

critical for monitoring the effects of DMTs. The MR protocol should conform to published 216 

imaging standards, such as the STRIVE/STRIVE-2 criteria for small vessel disease (15, 16). 217 

Standardization includes the use of specific sequences (see below) that are necessary for accurate 218 

diagnosis and monitoring of ARIA and other biomarkers (17). By adhering to standardized 219 

protocols, we can improve the quality and consistency of imaging data, creating the conditions to 220 

improve detection and monitor changes over time, ensuring that patients receive the best possible 221 

care. 222 

Recommendation 6: Protocols should be standardized across platforms, scanner strength, and 223 

DMTs. (100% agreement). 224 
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Recommendation 7: Patients should be scanned at screening and then at follow up/ARIA visits 225 

on the same scanner and with the same imaging protocol to ensure consistency (100% 226 

agreement). 227 

3.7 Optimal protocol length 228 

The length of an MR protocol is a critical factor in clinical feasibility and patient 229 

compliance. It is essential to balance the need for comprehensive data collection with the 230 

practical constraints of clinical settings and patient comfort. Modern MR scanners, equipped 231 

with advanced software and hardware, allow for efficient data acquisition within shorter 232 

timeframes while maintaining high image quality and resolution. 233 

The expert panel agreed that an MRI protocol lasting between 20 to 30 minutes is both 234 

clinically feasible and sufficient to collect all relevant information necessary for monitoring 235 

DMT delivery. This duration is manageable for patients and ensures that the imaging process is 236 

not unduly burdensome for clinical workflows. 237 

Recommendation 8: Provided MR scanners are maintained to a contemporary standard with 238 

respect to software/hardware, a protocol lasting 20 to 30 minutes is both clinically feasible and 239 

sufficient with modern acquisition approaches to collect all relevant information (100% 240 

agreement). 241 

3.8 Specific MR protocol sequences 242 

Following STRIVE-2 (15), an MR protocol should include (1) a 3D T1-weighted (T1w) 243 

high-resolution anatomical image, to “discriminate lacunes from perivascular space; to 244 

discriminate grey from white matter; to discriminate cortical microinfarct; and to measure brain 245 

tissue volumes”; (2) a T2-weighted (T2w) acquisition, to “characterise brain structure; to 246 

differentiate lacunes from white matter hyperintensity and perivascular space; to identify old (ie, 247 

chronic) infarcts”; (3) a fluid-attenuated inversion recovery (FLAIR) image, to “identify white 248 

matter hyperintensity, established cortical or large subcortical infarcts, and cortical microinfarct; 249 

to differentiate white matter hyperintensity from perivascular space and lacunes”, and (4) a 250 

diffusion weighted imaging (DWI) acquisition, to “detect acute ischaemic lesions, positive for up 251 

to several weeks after cerebrovascular event”. These sequences were considered necessary by all 252 

experts. 253 
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It was mentioned that 3D FLAIR was now becoming more prevalent in clinical practice but was 254 

not judged essential in the DMT context. 3D isotropic acquisitions in general are more flexible 255 

and reproducible longitudinally as the images can be reformatted in any direction, including to 256 

match previous positioning. Alignment (at console) with baseline images is recommended. The 257 

most subtle cases of ARIA-E can involve an effusion in one or two sulci or loss of the sulci 258 

without parenchymal signal hyperintensity from very early edema (18). The superior contrast 259 

resolution of 3D FLAIR (19) would demonstrate those changes better but could also introduce 260 

more false positives. Subtle ARIA is not that common. Most stroke imaging protocols that sites 261 

would use to screen ARIA already incorporate 2D FLAIR routinely. 262 

To detect intracerebral hemorrhage, cerebral microbleed, and cortical superficial siderosis 263 

– ARIA-H – two options are available. T2* gradient recalled echo (GRE) was the standard used 264 

when the consensus paper on ARIA was published in 2011 (6), as GRE was what most centers 265 

used at the time and hence, all clinical trial protocols used GRE (cf. Table 2). On the other hand, 266 

new methods such as susceptibility weighted imaging (SWI) are more sensitive (20) and are now 267 

widespread in routine practice. The prevalence and number of detected microbleeds can vary by 268 

two-fold or more across sequence types(21). However, SWI suffers from drawbacks, such as the 269 

difficulty of distinguishing between cross sections of venules vs microbleeds (22). There is also 270 

insufficient information on the effects of slice thickness and field strength on the sensitivity and 271 

specificity of ARIA-H detection by GRE and SWI. 272 

Recommendation 9: the following acquisitions should be included in a base MRI protocol: 3D 273 

T1-weighted, 2D FLAIR, 2D T2*GRE, diffusion weighted imaging (100% agreement). 274 

Recommendation 10: Centers are encouraged to perform a 3D rather than 2D FLAIR, as well as 275 

acquire a susceptibility weighted image over and above a T2* GRE if possible (91% agreement). 276 

Recommendation 11: Further studies on the sensitivity and specificity of high-resolution 277 

susceptibility imaging for ARIA-H detection should be performed (100% agreement). 278 

 3.9 Operational definition of ARIA-E and ARIA-H 279 

Radiological review and reporting will need to be specific enough to match trial-related 280 

criteria for eligibility and for ARIA severity. For example, to determine treatment eligibility and 281 

to grade the severity of ARIA-H the exact number of prevalent or new microbleeds is needed; 282 
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considering this, interpretations such as “there are a few scattered microbleeds” will need to be 283 

replaced by precise counts. This presupposes that precise definitions are available, including the 284 

minimum size for a microbleed, as there appears to be no clear consensus on the lowest 285 

dimension threshold (e.g., 10mm diameter cut-offs); clinical reading is further complicated by 286 

the presence of “bloom” which can vary with echo time. This lack of clarity will directly impact 287 

accessibility to treatment as the criteria for most AD DMTs is for patients to present with less 288 

than four microbleeds. Additionally, the largest dimension of ARIA-E on FLAIR should be 289 

measured in cm and reported. 290 

Radiologists that interpret imaging of patients receiving AD DMTs should have sufficient 291 

background training and experience in neuroimaging. Certification in neuroradiology 292 

(accredited fellowship or residency) and a predominant practice focus in neuroradiology 293 

where radiologists are reporting sufficient volumes of neuroimaging is highly 294 

recommended. Given that approved therapies will be relatively new to the market in 295 

Canada, even experienced neuroradiologists will require additional, specific training 296 

through accredited continuous medical education activities regarding the standardized 297 

reporting of pre-treatment, baseline MRI studies to determine if patients are suitable for 298 

therapy, as well as for ongoing monitoring during therapy. They will have to have the 299 

necessary knowledge of the spectrum of MRI imaging findings of ARIA (as well as 300 

appropriate imaging differentials) and be aware of and utilize standard grading schemes for 301 

ARIA-E and ARIA-H in written and/or verbal communication with referring physicians. 302 

These requirements may increase the time for radiological review. For centers using 303 

electronic health records, the implementation of standardized reporting templates may be 304 

useful. 305 

The diagnosis and management of ARIA in asymptomatic and symptomatic patients is 306 

heavily dependent on findings obtained using MRI. An integrated, organized, systematic 307 

framework for imaging diagnosis, reporting and timely communication between 308 

radiologists and referring physicians will facilitate patient care and safety. 309 

Recommendation 12: A consensus conference should be convened on the operational definition 310 

of ARIA-H and ARIA-E (91% in agreement). 311 
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Recommendation 13: Guidelines should be used to rate ARIA-E and ARIA-H (100% in 312 

agreement). 313 

Recommendation 14: Intra- and inter-rater variability in ARIA detection, cross-sectionally and 314 

longitudinally, should be studied further (100% in agreement). 315 

3.10 Imaging follow-up of ARIA-E and ARIA-H 316 

Monitoring protocols for follow up of patients with ARIA-H or ARIA-E varied across the 317 

different drugs, particularly in the frequency and timing of MRI scans required. Additional 318 

follow-up scans were required until the ARIA stabilized (ARIA-HJ) or resolved (ARIA-E), upon 319 

which dosing was resumed. However, more severe ARIA could trigger permanent 320 

discontinuation of drug. Staging symptoms for ARIA (mild, moderate, or severe) were also not 321 

consistent across trials. 322 

Currently, there are insufficient data to determine whether a single, standard protocol for 323 

imaging of ARIA resolution can be used for all drugs. Additionally, variation in clinical MRI 324 

protocols and competency of MRI readers may affect the ability to detect radiological signs of 325 

ARIA. 326 

Recommendation 15: Further studies are necessary to provide information for imaging follow-327 

up guidelines of ARIA-E and ARIA-H 328 

3.11 PET imaging 329 

In the anti-amyloid trials, PET was deployed as the main technique for measuring target 330 

engagement or efficacy. Treated patients had marked reductions in amyloid signal with most 331 

patients achieving essential normalization. In the TRAILBLAZER-ALZ 2 trial, treatment with 332 

donanemab was stopped if the amyloid PET signal was less than 11 centiloids at week 24 or 52, 333 

or between 11 and 25 centiloids on both; 29.7% of patients achieved this level of amyloid 334 

clearance by 24 weeks and 76.4% by the end of the trial. The committee agreed that this 335 

individualized treatment approach, of stopping therapy after amyloid is removed, is a promising 336 

means to reduce resource use and lower patient burden. Whether patients in whom amyloid is 337 

removed require future PET surveillance for re-accumulation, and the optimal frequency and 338 

timing of that surveillance, is not currently known. 339 
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The availability of PET imaging across Canada is limited to 45 cameras, with 24 in 340 

Quebec and 12 in Ontario (13). Florbetaben is the sole imaging agent for beta-amyloid used 341 

clinically, with high sensitivity and specificity exceeding 90% (23). The production of 342 

florbetaben is confined to Quebec and Ontario. Although cyclotrons are present in other regions 343 

(e.g., Vancouver, Edmonton, Winnipeg), enabling potential synthesis at these sites, scanning 344 

capacity is restricted. Oncology currently maximizes the use of these resources, and a significant 345 

increase in the number of scans would surpass capacity limits. Furthermore, there are personnel 346 

shortages in nuclear imaging technologists across all provinces. While physicians could increase 347 

local scan reading, training is necessary for readers. 348 

For PET amyloid imaging, the SNMMI Procedure Standard/EANM Practice Guideline 349 

for Amyloid PET Imaging of the Brain (version 1.0; (24)) should be used as a guide to 350 

acquiring/processing/interpreting those studies. Although most of the trials deploy centiloids as 351 

an outcome measure, this amyloid PET metric is not currently attainable in clinical practice (25, 352 

26). 353 

Perfusion SPECT cannot be considered as an alternative for amyloid PET. Further, there 354 

is no evidence supporting a role for tau or fluorodeoxyglucose PET for indicating or monitoring 355 

patients undergoing anti-amyloid therapies, although phase 3 trials for donanemab and 356 

lecanemab suggested that tau PET might play a role in patient selection or monitoring disease 357 

progression (2, 4, 5). 358 

Recommendation 16: Acquisition of an amyloid-PET scan before beginning therapy should be 359 

obtained whenever this is practically available, as repetition of this test during therapy would 360 

help directly assess the extent of plaque removal, guiding a decision on whether therapy should 361 

be continued or discontinued (100% agreement). 362 

4. DISCUSSION 363 

4.1 Summary 364 

The recommendations from the CCNA DMT Imaging Workgroup (Table 3) underscore 365 

the critical role of imaging in the context of DMT for AD. They emphasize the need for tailored 366 

monitoring protocols that align with the specific risk and efficacy profiles of each DMT, as well 367 

as the importance of standardizing MRI acquisition protocols across various platforms and 368 
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scanner strengths. This approach aims to ensure both the safety of initiating and continuing 369 

treatments and the effectiveness of the therapies by monitoring ARIA and the removal of Aβ 370 

plaques. 371 

4.2 Explanation and comparison of findings 372 

The findings and recommendations of the CCNA Workgroup are consistent with existing 373 

literature on the importance of imaging in the monitoring and assessment of DMTs for 374 

Alzheimer's disease. For instance, they align with previous studies that have shown the 375 

significance of detecting ARIA using MRI and the critical role of PET imaging in evaluating the 376 

efficacy of amyloid beta removal. By comparing the imaging protocols used in trials for 377 

aducanumab, lecanemab, and donanemab, the Workgroup supports a drug-specific approach to 378 

monitoring while also advocating for standardized imaging protocols to facilitate clinical 379 

implementation and ensure consistency across different clinical settings 380 

4.3 Future directions 381 

The CCNA Workgroup found many areas for future research (Table 4). This should 382 

include a focus on further refining imaging protocols to enhance the detection and management 383 

of ARIA, studying the sensitivity and specificity of high-resolution SWI for detecting ARIA-H, 384 

and developing operational definitions suitable for artificial intelligence applications. The 385 

schedule to be followed when using amyloid PET for assessing DMT efficacy also remains to be 386 

established. Additionally, more data on the safety, efficacy, and side effect profiles associated 387 

with various risk factors, such as APOE status and pre-existing cerebrovascular conditions, are 388 

needed. These efforts will help ensure that imaging protocols remain effective and relevant as 389 

new DMTs for Alzheimer's disease continue to emerge. 390 

4.4 Study limitations 391 

The recommendations presented are based on current evidence from clinical trials and 392 

expert consensus, which introduces certain limitations. The availability of imaging resources 393 

varies significantly across Canada, potentially affecting the uniform implementation of these 394 

protocols. Moreover, as the long-term safety and efficacy of DMTs are still under investigation, 395 

the proposed imaging protocols may need to be adjusted as new data becomes available. 396 
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Additionally, the reliance on expert opinion and consensus may introduce biases that could affect 397 

the generalizability of these recommendations. 398 

We elected not to discuss the implementation issues posed by the introduction of DMT 399 

drugs for AD and how they present significant challenges to the Canadian healthcare system, 400 

particularly in testing the principle of universal access. While these advancements promise to 401 

enhance patient outcomes, they also highlight the existing disparities in healthcare delivery 402 

across the country. Access to care will likely be feasible in many urban centers, yet rural and 403 

remote regions may face substantial difficulties. To address these inequities, various strategies 404 

must be implemented, including an increased investment in local imaging infrastructure, the 405 

implementation of telemedicine services (e.g. teleradiology), and targeted training programs for 406 

healthcare providers in underserved areas. Additionally, novel models of care, such as integrated 407 

care pathways and collaborative networks, could be developed to ensure timely and equitable 408 

access to these therapies. Ultimately, this new era of Alzheimer's treatment will necessitate a re-409 

evaluation and adaptation of current healthcare frameworks to uphold the ethos of universal 410 

access and provide comprehensive care to all Canadians. 411 

Further, we acknowledge the ongoing controversy surrounding the cost-effectiveness of 412 

anti-Aβ immunotherapies (for example, the NICE draft guidance of Sept. 2024) however, such 413 

an assessment falls beyond the scope of this workgroup’s mandate. Our recommendations are 414 

focused on the clinical implementation of imaging protocols to ensure patient safety and 415 

treatment efficacy in the context of Alzheimer’s disease-modifying therapies. We encourage 416 

further research and policy discussions to address the broader economic implications of these 417 

therapies within healthcare systems. 418 

4.5 Conclusion 419 

The recommendations presented by the CCNA Imaging Workgroup highlight the critical 420 

role of imaging in the context of DMTs for AD. Through a comprehensive analysis of current 421 

evidence and expert consensus, these guidelines aim to ensure the safe and effective 422 

implementation of DMTs across Canada. Key recommendations emphasize the need for 423 

standardized MRI acquisition protocols, tailored monitoring based on risk profiles, and the use of 424 

appropriate MR scanner strengths to maximize diagnostic accuracy and treatment monitoring. 425 
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Implementing these recommendations will require coordinated efforts among healthcare 426 

providers, regulatory bodies, and policymakers. The establishment of standardized protocols will 427 

enhance the consistency and reliability of imaging data, facilitating better clinical decision-428 

making and patient care. Further research is essential to refine these protocols and to address the 429 

evolving challenges associated with new DMTs and their monitoring requirements. 430 

Ultimately, the workgroup's guidelines represent a step forward in optimizing the use of 431 

imaging in AD treatment. By adhering to these recommendations, we can pave the way for more 432 

effective use of advanced therapies in the fight against AD. 433 
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TABLES 530 

Table 1 - DMT trials summary 531 

 ENGAGE+EMERG

E (12) 

CLARITY-AD 

(2) 

TRAILBLAZER-

ALZ 2 (3) 

Drug Aducanumab Lecanemab Donanemab 

Duration 72 weeks 18 months 72 weeks 

Infusion timing Every 4 weeks Every 2 weeks Every 4 weeks 

Follow-up amyloid 

PET 

Florbetapir 26 and 

78 

Florbetaben, 

florbetapir, or 

flutemetamol 12, 24, 

48, 72 

Florbetapir 24, 56, 72 

Baseline MRI 

hemorrhage-sensitive 

sequence protocol* 

GRE GRE GRE 

Baseline MR exclusion 

criteria 

 >4 CMBs 

 1 or more macro 

hemorrhages 

(>10 mm 

diameter) 

 any area of 

superficial 

siderosis 

 >4 CMBs 

 1 or more macro 

hemorrhages (>10 

mm diameter) 

 Any area of 

superficial 

siderosis 

 >4 CMBs 

 1 or more macro 

hemorrhages 

(>10 mm 

diameter) 

 More than 1 area 

of superficial 

siderosis 

Follow up MRI timing 14, 22, 30, 42, 54, 9, 13, 27, 53, 79 4, 12, 24, 52, 76 
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78 weeks weeks weeks 

Incidence of ARIA-E 

in the treatment arm 

35% on 10mg/kg 

treatment vs 2.7% 

for placebo 

12.6% on treatment 

(vs 1.7% placebo) 

24.0% on treatment 

(vs 1.9% placebo) 

Incidence of ARIA-H 

in the treatment arm 

(% treatment vs 

%placebo) 

New microbleeds 

19.1% vs 6.6% 

New superficial 

siderosis 

14.7% vs 2.2% 

New hemorrhage 

>1cm 

0.3% vs 0.4% 

17.3% vs 9.0% 

Breakdown: 

Micro hemorrhage: 

14.0.8% vs 7.6% 

Superficial siderosis: 

5.7% vs 2.3% 

Hemorrhage > 1cm 

0.6% vs 0.1% 

31.% vs 13.6% 

Breakdown: 

Micro hemorrhage 

26.8% vs 12.5 

Superficial siderosis: 

15.7% vs 3% 

Hemorrhage > 1cm 

0.4% vs 0.2% 

CMB: Cerebral microbleed; GRE: MRI T2*-weighted Gradient Recalled Echo 532 

  533 
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Table 2 – Imaging Protocols 534 

 ENGAGE/EMERGE CLARITY-AD 
TRAILBLAZER-

ALZ 2 

Drug Aducanumab Lecanemab Donanemab 

Field strength 1.5T or 3T Not reported Not reported 

Slice thickness Not reported Not reported Not reported 

Hemorrhage sensitive 

sequence 
GRE 2D GRE* GRE 

FLAIR details Not reported 2D FLAIR* Not reported 

GRE: MRI T2*-weighted Gradient Recalled Echo; FLAIR: MRI Fluid Attenuated Inversion 535 

Recovery; T: Tesla 536 

  537 
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Table 3 – Summary of recommendations 538 

# Recommendation 
Agreemen

t 

1 Trials of AD DMTs should report complete MRI sequence parameters, in 

either the main trial publication or supplemental documents, and in sufficient 

details to allow their reproduction in clinical practice. 

Strong 

2 Tailored monitoring protocols should be used for each drug that follow 

regulatory guidelines if issued, or appropriate use recommendations if 

regulatory guidelines are not available., A common protocol may be 

considered when more information becomes available on drug safety, efficacy, 

side effects, and risk profiles 

Strong 

3 Further studies of the safety, efficacy, side effects, and risk profiles associated 

with various risk factors should be performed before deviating from the 

current monitoring protocols 

Strong 

4 The monitoring protocol should not be changed even if treatment on any DMT 

is not shown to be optimally effective 

Strong 

5 MRI screening and monitoring can be performed on either 1.5T or 3T 

scanners, provided protocols are adapted to acquire similar contrasts at 

identical resolution 

Strong 

6 Protocols should be standardized across platforms, scanner strength, and 

DMTs 

Strong 

7 Patients should be scanned at screening and then at follow up/ARIA visits on 

the same scanner and with the same imaging protocol to ensure consistency 

(100% agreement).  

Strong 
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8 Provided MR scanners are maintained to a contemporary standard with 

respect to software/hardware, a protocol lasting 20 to 30 minutes is both 

clinically feasible and sufficient with modern acquisition approaches to collect 

all relevant information 

Strong 

9 The following acquisitions should be included in a base protocol: 3D T1-

weighted, 2D FLAIR, 2D T2*GRE, diffusion weighted imaging 

Strong 

1

0 

Centers are encouraged to perform a 3D rather than 2D FLAIR, as well as 

acquiring a susceptibility image over and above a T2* GRE if possible 

Strong 

1

1 

Further studies on the sensitivity and specificity of high-resolution 

susceptibility imaging for ARIA-H detection should be performed 

Strong 

1

2 

A consensus conference should be convened on the operational definition of 

ARIA-H and ARIA-E 

Strong 

1

3 

Guidelines should be used to rate ARIA-E and ARIA-H Strong 

1

4 

Intra-, inter-rater variability in ARIA detection, cross-sectionally and 

longitudinally, should be studied further 

Strong 

1

5 

Further studies are necessary to provide information for imaging follow-up 

guidelines of ARIA-E and ARIA-H 

Strong 

1

6 

Acquisition of a PET scan before beginning therapy, even if the amyloid status 

of the patient has already been confirmed by other means, should be obtained 

whenever this is practically available, as repetition of this test during therapy 

would help directly assess the extent of plaque removal, guiding a decision on 

whether therapy should be continued or discontinued. Further research is 

needed to assess when a control scan should be obtained after DMT initiation. 

Strong 
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Strong: > 80% agreement 539 

AD: Alzheimer’s disease; ARIA: Amyloid-related imaging abnormalities; ARIA-E: Edema; 540 

ARIA-H: Hemorrhagic; DMT: Disease modifying therapies; GRE: MRI T2*-weighted Gradient 541 

Recalled Echo; FLAIR: MRI Fluid Attenuated Inversion Recovery; MRI: Magnetic resonance 542 

imaging; PET: Positron emission tomography; T: Tesla543 
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Table 4 - Important research questions for future study 544 

# Research question 

1 
Can MRI surveillance be standardized to a common shared protocol across different 

drugs? 

2 
What is the impact of risk factors on ARIA presentation? Should MRI surveillance 

frequency be varied according to estimated risk for ARIA? 

3 

Can high resolution MRI SWI be substituted for MRI GRE for determining treatment 

eligibility and for diagnosing ARIA-H? What is the sensitivity and specificity of MRI 

SWI for detecting ARIA-H? 

4 
What is the effect of MRI field strength on determining treatment eligibility and on 

diagnosing ARIA? 

5 What is the intra- and inter-rater variability in the radiological diagnosis of ARIA? 

6 
Should patients with amyloid clearance undergo future surveillance amyloid-PET to 

screen for recurrent amyloid build-up, and how often? 

7 
What is the project impact on MRI and PET utilization in Canada, including effects on 

wait list times, if AD DMTs are approved in Canada? 

AD: Alzheimer’s disease; ARIA: Amyloid-related imaging abnormalities; ARIA-E: Edema; 545 

ARIA-H: Hemorrhagic; DMT: Disease modifying therapies; GRE: MRI T2*-weighted Gradient 546 

Recalled Echo; FLAIR: MRI Fluid Attenuated Inversion Recovery; MRI: Magnetic resonance 547 

imaging; PET: Positron emission tomography; SWI: MRI Susceptibility weighted imaging 548 

  549 
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Figure 1 - Workgroup members expertise 550 

Author/Expertise SD LB RB SB HC DLC MD MJ PRN JPS ES 

Medical Imaging            

Neurology            

Biomed. Eng.             

Nuclear 

medicine 

           

MR tech            

Medical physics            

Green: primary expertise; Blue: secondary expertise 551 
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