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1 | BACKGROUND

Abstract

Introduction: Amyloid-related imaging abnormalities-edema (ARIA-E) is associated
with anti-amyloid beta monoclonal antibody treatment. ARIA-E severity may be
assessed using the Barkhof Grand Total Scale (BGTS) or the 3- or 5-point Severity
Scales of ARIA-E (SSAE-3/SSAE-5). We assessed inter- and intra-reader correlations
between SSAE-3/5 and BGTS.

Methods: Magnetic resonance imaging scans were collected from 75 participants in
the SCarlet RoAD and Marguerite RoAD studies. Three neuroradiologists reviewed
scans at baseline and at follow-up. Concordance in dichotomized ARIA-E ratings was
assessed for a range of BGTS thresholds.

Results: SSAE-3/5 scores correlated with BGTS scores, with high inter-reader
intraclass correlation coefficients across all scales. There was high agreement in
dichotomized ratings for SSAE-3 > 1 versus BGTS > 3 for all readers (accuracy
0.85-0.93) and between pairs of readers.

Discussion: SSAE-3/5 showed high degrees of correlation with BGTS, potentially
allowing seamless transition from the BGTS to SSAE-3/5 for ARIA-E management.

KEYWORDS
Alzheimer’s disease, amyloid-related imaging abnormalities, ARIA-E, Barkhof Grand Total Scale,
correlation, edema, magnetic resonance imaging, Severity Scale of ARIA-E, SSAE

Anti-AB monoclonal antibodies (mAbs) represent a major area
of drug development for AD and have shown promise in slowing

Alzheimer’s disease (AD) is a chronic, progressive neurodegenerative
disease that causes dementia.l It is characterized by the neurotoxic
accumulation of amyloid beta (AB) plaques comprising AB peptides
and intracellular neurofibrillary tangles containing tau protein, in the
brain.2® Deposition of AS in the parenchyma likely occurs decades

before clinical symptoms manifest.?

progression, positively impacting cognitive impairment, and reduc-
ing amyloid pathology through microglial stimulation or prevention
of AB aggregation.*® Aducanumab, an anti-A3 mAb, was granted
accelerated approval by the US Food and Drug Administration in
2021, while several other anti-AS treatments, including gantenerumab,
donanemab, and lecanemab, are in clinical development, with data

readouts from ongoing clinical trials expected in 2022 and 2023.>7:8
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RESEARCH IN CONTEXT

1. Systematic review: The authors used PubMed to
identify literature relating to amyloid-related imaging
abnormalities-edema (ARIA-E) severity scales and stud-
ies of anti-amyloid beta monoclonal antibodies in which
ARIA-E radiographic severity has been assessed using
severity scales.

2. Interpretation: High levels of correlation were found
between the Barkhof Grand Total Scale (BGTS) and the
simpler 3- and 5-point Severity Scales of ARIA-E (SSAE-
3/5), suggesting the potential for translation between
treatment management rules using these scales.

3. Future directions: The greater granularity of SSAE-5
compared with SSAE-3 could allow more patients to ben-
efit from uninterrupted treatment. This hypothesis is
being explored in the ongoing Post-GRADUATE open-
label extension study of gantenerumab.

HIGHLIGHTS

* Asimple rating scale is needed to rate severity of amyloid-
related imaging abnormalities-edema (ARIA-E) in the
clinical setting.

* The 3- and 5-point Severity Scales of ARIA-E (SSAE-
3/5) and Barkhof Grand Total Scale (BGTS) have good
correlation and agreement between readers.

* Treatment management thresholds show high concor-
dance of decision between scales.

* SSAE-3/5 may be more practical for assessing ARIA-E than
the BGTS in some settings.

* Granularity of SSAE-5 versus -3 could allow more flexibil-

ity in clinical interventions.

A side effect associated with anti-AgB therapies is amyloid-related
imaging abnormalities (ARIA), which appear either as vasogenic edema
in the parenchyma or sulcal effusions in leptomeninges (ARIA-E), or as
microhemorrhages in the parenchyma or superficial siderosis in lep-
tomeninges (ARIA-H) on magnetic resonance imaging (MRI) scans.?
ARIA-like findings have also been identified in other disease states
such as cerebral amyloid angiopathy and cerebral amyloid angiopathy-
related inflammation and can also occur spontaneously.'%11 Anti-Ag-
treatment-induced ARIA is a commonality of mAbs targeting fibrillar
amyloid; it is mostly clinically asymptomatic, and as such has typi-
cally been identified through routine MRI scans during clinical trials;
therefore, routine monitoring for ARIA in patients receiving anti-AS
therapies is recommended.”? ARIA-E is best visualized via a T2-

fluid-attenuated inversion recovery (T2-FLAIR) sequence.’ Depending

KLEIN ET AL.
TABLE 1 SSAE definition

ARIA-E ARIA-E

extent focality SSAE-3 SSAE-5

No ARIA-E N/A 0 0

<5cm Monofocal 1 (mild) 1 (mild)
Multifocal 2 (moderate) 2 (mild+)

5to10cm Monofocal 3 (moderate)
Multifocal 4 (moderate+)

>10cm Monofocal 3 (severe) 5 (severe)
Multifocal

Abbreviations: ARIA-E, amyloid-related imaging abnormalities-edema;
N/A, not applicable; SSAE, Severity Scale of ARIA-E.

on the radiographic severity and symptomatology of ARIA-E, treat-
ment may continue, be modified, or suspended. Quantitative, objective
ARIA-E scales are required to define severity cut-offs to guide trial
investigators and prescribers in clinical practice on whether dose
adjustment or suspension is required.

Scales used to quantify ARIA-E radiographic severity in clinical
research include the Barkhof Grand Total Scale (BGTS),'? and the 3-
and 5-point Severity Scales of ARIA-E (SSAE-3, SSAE-5).23 The BGTS
is a comprehensive 60-point rating system that assesses ARIA-E in
six regions of the brain (frontal, parietal, occipital, temporal, central,
and infratentorial) on both the left and right sides, yielding 12 sepa-
rate anatomic locations for evaluation (details in Table S1 in supporting
information).2

By contrast, the SSAE-3 and SSAE-5 are simpler rating systems
to assess ARIA-E severity (Table 1) based upon a single linear mea-
surement of the largest area of lesion. Both SSAE scales define
severity as the result of measured spatial ARIA-E extent and dis-
tribution. Extent is defined as the single greatest measured diam-
eter of the ARIA-E lesions, classified as < 5 cm, 5 to 10 cm,
or > 10 cm, and their multiplicity. In assessing extent, no distinction
is made between parenchymal hyperintensities, sulcal hyperintensi-
ties, and sulcal effacement/swelling (Table 1).13 Spatial distribution is
captured as the number of non-contiguous regions of ARIA-E, thus
determining whether the ARIA-E is mono- or multifocal in nature. The
SSAE-3 classifies ARIA-E on a scale of 0 to 3 as O = no ARIA-E, 1 = mild
(T2-FLAIR hyperintensity confined to sulcus and or cortex/subcortical
white matter in one location and < 5 cm), 2 = moderate (T2-FLAIR
hyperintensity 5 to 10 cm, or more than one site of involvement, each
measuring < 10 cm), or 3 = severe (T2-FLAIR hyperintensity mea-
suring > 10 cm, one or more separate sites of involvement may be
noted).!® The SSAE-5 adds two additional severity ratings, provid-
ing information related to multiplicity of lesions: mild and moderate
denote monofocal ARIA-E, whereas mild+ and moderate+ denote mul-
tifocal ARIA-E. Scores of O and 1 on both SSAE-3 and SSAE-5 are
identical, as are scores of SSAE-3 = 3 and SSAE-5 = 5 (Table 1). SSAE-
5 gives greater granularity than SSAE-3 between SSAE-5 scores 2 to
4, which allows for more precise treatment management interventions

compared with the moderate rating of the SSAE-3.
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The BGTS was used to assess ARIA-E in two Phase Il studies of
gantenerumab: SCarlet RoAD (SR; NCT01224106)*1% and Marguerite
RoAD (MR; NCT02051608).1> Both studies evaluated the efficacy
(as measured by cognition and function), safety, and pharmacokinet-
ics of subcutaneous (SC) gantenerumab. SR included patients with
mild cognitive impairment due to AD, and MR included patients with
mild AD dementia. In the double-blind parts of both studies, study
participants were randomized to receive lower-level doses of SC gan-
tenerumab (105 mg or 225 mg every 4 weeks [Q4W] in SR, 105 mg
Q4W for 6 months followed by 225 mg Q4W in MR), or placebo. In
the open-label extension (OLE) parts of both studies, participants who
completed the double-blind part of the trial received SC gantenerumab
at doses up to 1200 mg Q4W for 3 additional years. The BGTS is
also used in the ongoing Phase Il GRADUATE trials, which are test-
ing a higher dose of gantenerumab (given as 510 mg every 2 weeks;
GRADUATE 1, NCT03444870; GRADUATE 2, NCT03443973). ARIA-
E management rules in these two gantenerumab studies mandated
treatment interruption for any ARIA-E radiographic severity that
was symptomatic, or for asymptomatic ARIA-E with BGTS > 3 until
ARIA-E resolution, whereas BGTS < 3 allowed for continued dosing
at the same level until ARIA-E resolution (Figure S1 in supporting
information).

The SSAE-3 assessing ARIA-E severity has been used in most AD
clinical trials conducted to date, including those of solanezumab,
donanemab, lecanemab, and aducanumab,¢-1? and is specified
in the prescribing information for aducanumab.” In the EMERGE
(NCT02484547) and ENGAGE (NCT02477800) Phase Il double-blind
and randomized clinical trials of aducanumab, patients were random-
ized to receive a low or high dose of intravenous aducanumab, or
placebo, and the SSAE-3 was used to measure radiographic severity
of ARIA-E.20 Asymptomatic patients with mild radiographic ARIA-E
(SSAE-3 = 1) could continue dosing at the same dosing schedule,
but patients with asymptomatic moderate or severe radiographic
ARIA-E (SSAE-3 > 1) had dosing suspended (Figure S1).27 Using the
SSAE-3 and SSAE-5 in clinical practice would allow for easier ARIA-E
characterization. The Post-GRADUATE (NCT04374253)2! and SKY-
LINE (NCT05256134)22 ongoing clinical trials of gantenerumab are
currently using the SSAE-5 for the radiographic severity assessment
of ARIA-E, and this scale is potentially more clinically valuable than
the SSAE-3 due to a greater range of dosing intervention options
available.

Validation analyses showed that both the BGTS and the SSAE-3
have high intra- and inter-rater agreement.’® Because these scales
have been used independently in clinical trials, being able to show
treatment decision translatability among the BGTS, SSAE-3, and SSAE-
5 scores would be useful for comparing different datasets, and in
the future, for harmonizing ARIA-E management recommendations.
We previously used the median score across three readers and its
interquartile range to align BGTS scores with SSAE-3 and SSAE-5.23
Here we assess the inter- and intra-reader correlation among the
SSAE-3, SSAE-5, and BGTS.

Disease Monitoring

2 | METHODS
2.1 | Study design

MRI scans were collected from a sample of 75 participants, from the
double-blind and OLE phases of SR and MR, with mild cognitive impair-
ment due to AD (SR), or mild AD dementia (MR; 70 with previously
detected ARIA-E, 5 without ARIA-E from original BGTS assessment).
Participants without ARIA-E were included to provide blinding for the
readers. Only the baseline MRI scan and a second scan taken after the
incident detection of ARIA-E (for those cases included in the analysis
with ARIA-E) were used for this study. The sample was chosen to be
representative of the original BGTS distribution seen in SR and MR
double-blind and OLE study participants, and is enriched for ARIA-E;
therefore, it is not reflective of the gantenerumab ARIA-E incidence
rate (30.5% and 31.9% in the SR and MR OLEs, respectively [Roche data
on file]). ARIA-E severity was assessed using the SSAE-3, SSAE-5, and
BGTS by three neuroradiologists experienced with detection of ARIA-
E, who were blinded to prior read results. Assessment was performed
independently by the three readers, with no discussion or consensus
in case of disagreement. The readers were provided with paired T2-
FLAIR and T2*-gradient echo MRI scans (5 mm axial slice, no gaps,
256 x 256 matrix) taken at baseline and at a follow-up visit, for the
70 study participants for whom ARIA-E was reported during on-study
monitoring, and for the 5 study participants with no ARIA-E reported.

2.2 | Treatment management threshold

ARIA-E ratings were dichotomized (BGTS/SSAE-3 higher than a cer-
tain threshold) and the concordance in these dichotomized ratings was
assessed quantitatively for a range of BGTS thresholds.

Leveraging the availability of both BGTS and SSAE-3 ratings for each
scan by three experienced readers, and looking for the optimal BGTS
severity cut-off to match a cut-off of > 1 on the SSAE-3 and SSAE-5
scales, comparisons were made: between readers (i.e., how many times
two readers rating the same scan would give the same dichotomized
rating by using either the BGTS or SSAE-3); and within reader (i.e., how
many times a given reader would give the same dichotomized rating by
using the BGTS and SSAE-3). Because scores of 0 and 1 are identical
for both SSAE-3 and SSAE-5, the dichotomization threshold is the same
for both scales using the cut-offs of SSAE-3/SSAE-5 > 1. Comparison of
dichotomized ratings of BGTS scores with SSAE-3 scores can therefore

be considered equivalent to BGTS scores versus SSAE-5 scores.
2.3 | Statistical analysis
Agreement between and within readers was quantified for a range of

BGTS thresholds by computing confusion matrices of dichotomized

rating (score higher than a certain threshold: yes/no), then deriving
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accuracy (95% confidence interval [Cl]) as the ratio of the trace of the
confusion matrix to the sum of all matrix elements. Cohen’s kappa
statistic was also calculated from the same confusion matrix. The
primary analysis quantified the treatment management agreement
for the BGTS and SSAE thresholds used in past studies (BGTS > 3,
SSAE-3 > 1), but a receiving operator characteristic analysis was
also performed to consider agreement using other possible BGTS
thresholds against the SSAE > 1 threshold. Additionally, we assessed
agreement between BGTS and SSAE ratings (both 3-point and 5-
point) for each reader separately using Spearman’s rank correlation

coefficient and Cohen’s kappa statistic.

3 | RESULTS
3.1 | Baseline characteristics

Baseline demographic characteristics of the 75 participants were
generally well balanced across the SR and MR groups (Table S2 in
supporting information). Of the 75 participants, the mean (standard
deviation [SD]) age was 70.2 (7.8) years; 54.7% were female; 88.0%
were White. In the SR cases, 21 participants (75.0%) were apolipopro-
tein E (APOE) 4 allele carriers, compared with 33 (70.2%) in the MR
cases; overall, 54/75 (72.0%) participants in this analysis were APOE ¢4
allele carriers. Thirteen participants (17.3%) had ARIA-H at baseline.

3.2 | Descriptive summaries of ARIA rating scales

The mean (SD) BGTS severity scores for the readers 1, 2, and 3, respec-
tively, were: 5.92 (5.94),4.48 (4.69),and 6.24 (6.42). The BGTS, SSAE-3,
and SSAE-5 had high inter-rater intra-class correlation (ICC) values:
inter-rater ICCs (lower bound, upper bound) for the BGTS, SSAE-3, and
SSAE-5 were 0.88 (0.84-0.91),0.87 (0.83-0.91), and 0.86 (0.81-0.90),
respectively. There was close agreement between all readers for both
SSAE-3 and SSAE-5 compared with the BGTS (Figure S2 in supporting
information).

Numbers and percentages of scans scored in each category for both
SSAE-3 and SSAE-5 for each reader are reported in Table S3 in the sup-
porting information. Of the lesions scored as moderate (SSAE-3 = 2),
on average 57.3% of them were multifocal and less than 5 cm in extent
(69.2%,51.4%, and 51.4% for readers 1, 2, and 3, respectively), whereas
on average 7.4% of lesions were monofocal and 5 to 10 cm in extent
(2.6%, 8.1%, and 11.4% for readers 1, 2, and 3, respectively).

3.3 | Correlation between the SSAE-3/5 and BGTS

SSAE-3 and SSAE-5 scores correlated well with BGTS scores (Figure 1):
Spearman’s rank correlations (95% Cls) between the SSAE-3 and BGTS
were 0.87 (0.80-0.91),0.82 (0.72-0.88),and 0.87 (0.80-0.92) for read-
ers 1, 2, and 3, respectively; Spearman’s rank correlations (95% Cls)
between the SSAE-5 and BGTS were 0.90 (0.84-0.93), 0.82 (0.73-
0.88),0.91(0.87-0.94) for readers 1, 2, and 3, respectively. Comparison

of median BGTS scores to SSAE-3 and SSAE-5 scores is reported in the
supporting information.

34 | Agreement in treatment management
thresholds

As the thresholds for treatment management of SSAE-3 and SSAE-
5 are identical, only the agreement in dichotomized ratings between
the BGTS and SSAE-3 was analyzed. There was high agreement in
dichotomized ratings for the SSAE-3 > 1 threshold versus BGTS > 3 for
all three readers, with accuracies ranging from 0.85 to 0.93 (Table 2).
The highest concordance in dichotomized ratings based on SSAE-3 > 1
and BGTS was achieved with BGTS > 3, for all three readers (Figure 2),
indicating that treatment management decisions with the two rat-
ing scales would be consistent at the selected threshold. Cohen’s
kappa statistics were 0.87, 0.71, and 0.79 for readers 1, 2, and 3,
respectively. Intra-reader SSAE-3 > 1 threshold versus BGTS > 3
dichotomized rating true positive and false negative rates were high
and low, respectively (Figure S3 in supporting information).

Comparing dichotomized ratings between two readers using the
same scale, there was also a high agreement, using either BGTS > 3 or
SSAE-3 > 1 (Table 3). The agreement in dichotomized rating between
two readers using the same scale (Table 3) is similar to the agreement
in dichotomized rating between a single reader using BGTS versus
SSAE-3 scales (Table 2).

Comparing dichotomized ratings based on BGTS and SSAE-3 for
individual readers, accuracies (95% Cl) for the SSAE-3 > 1 thresh-
old versus BGTS > 3 were 0.93 (0.83-0.97), 0.85 (0.75-0.92), and
0.89 (0.80-0.95) for readers 1, 2, and 3, respectively (Figure 2).
Cohen’s kappa statistics were 0.84,0.71, and 0.79 for readers 1, 2, and
3, respectively. Intra-reader concordance in dichotomized ratings at
SSAE-3 > 1 and BGTS > 3 was similar to inter-reader concordance in
dichotomized ratings at BGTS > 3 (Table 3).

As expected, there is not a perfect dichotomized rating agree-
ment between the BGTS and SSAE-3 scales. False positive rates range
between 11% and 23%, while false negative rates range between 3%
and 10% for the three readers (Table 2). The frequencies of discrepant
cases were 8%, 15%, and 11% for readers 1, 2, and 3, respectively.

Examples of BGTS and SSAE cases that could result in concordant
and discrepant treatment management are shown in Figure 3. The top
row shows five concordant cases in which the SSAE-5 score of each
case resulted in a BGTS score near the mean for that corresponding
distribution as seen in Figure 1. The bottom row shows four examples
of discrepant cases. In the two cases on the bottom left, a potential
treatment management discrepancy is caused by two distinct, but very
small, areas of parenchymal hyperintensities in the left and right frontal
lobes, each less than 5 cm in size, corresponding to an SSAE-5 sever-
ity of 2, but only a score of 3 and 2 on BGTS, respectively. In the third
example on the bottom row, a single < 5 cm area of parenchymal hyper-
intensity in the right parieto-occipital lobe corresponds to an SSAE-5
severity of 1, but because it is more than 4 cm in size, leads to a BGTS
score of 7. Finally, the fourth discrepant case shows a single < 5 cm
area of ARIA-E in the right occipital lobe, corresponding to an SSAE
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FIGURE 1 Comparison of individual readers using the BGTS and SSAE-3 (A) and using the BGTS and SSAE-5 (B). Treatment thresholds of
BGTS > 3 and SSAE-3/ SSAE-5 > 1 are marked in red. ARIA-E, amyloid-related imaging abnormalities-edema; BGTS, Barkhof Grand Total Scale;
SSAE, Severity Scale of ARIA-E

TABLE 2 Highagreement in dichotomized ratings between BGTS > 3 and SSAE-3 > 1

SSAE-3 > 1vs.BGTS > 3 Reader 1 Reader 2 Reader 3
Accuracy (95% Cl) 0.93(0.83-0.97) 0.85(0.75-0.92) 0.89(0.80-0.95)
False positive rate® 0.11 0.23 0.11

False negative rate? 0.03 0.06 0.10

Abbreviations: ARIA-E, amyloid-related imaging abnormalities-edema; BGTS, Barkhof Grand Total Scale; Cl, confidence interval; SSAE, Severity Scale of
ARIA-E.

2In the context of this analysis, a false positive means SSAE-3 > 2 but BGTS < 4 (which would lead to a decision to suspend dosing according to SSAE-3 but not
BGTS), whereas a false negative means SSAE-3 < 2 but BGTS > 3 (which would lead to a decision to continue dosing according to SSAE-3 but not to BGTS).

TABLE 3 Highagreement in dichotomized ratings between pairs of readers using BGTS > 3 or SSAE-3> 1

Accuracy (95% Cl) Reader 1vs. 2 Reader 1vs. 3 Reader 2vs. 3
BGTS >3 0.89(0.80-0.95) 0.93(0.85-0.98) 0.91(0.82-0.96)
SSAE-3>1 0.95(0.87-0.99) 0.92(0.83-0.97) 0.92(0.83-0.97)

Abbreviations: ARIA-E, amyloid-related imaging abnormalities-edema; BGTS, Barkhof Grand Total Scale; Cl, confidence interval; SSAE, Severity Scale of
ARIA-E.
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FIGURE 2 Concordance in dichotomized ratings comparing SSAE-3 > 1 threshold with possible BGTS thresholds for individual readers.
ARIA-E, amyloid-related imaging abnormalities-edema; BGTS, Barkhof Grand Total Scale; SSAE, Severity Scale of ARIA-E

severity of 1, but scoring 4 on the BGTS due to the size between
2and 4 cm.

4 | DISCUSSION

The ability to assess ARIA-E semi-quantitatively in a research set-
ting and in clinical practice is necessary for managing treatment with
anti-AB mAbs. Although the BGTS is a valuable tool in a research set-
ting, with the recent and future marketing approvals of A mAbs, a
simple, practical scale for real-world clinical use is needed. During clin-
ical trials, scans are read centrally by neuroradiologists experienced
in detection and scoring of ARIA-E; however, in clinical practice, it is
anticipated that reading will be performed by local neuroradiologists
or general radiologists who would need to assess ARIA-E presence and
severity accurately as part of their practice.'224 While BGTS scoring
requires that all brain locations be evaluated separately, distinguishing
between, and individually scoring, sulcal hyperintensities, parenchy-
mal hyperintensities, and swelling, the SSAE-3 and SSAE-5 scales only
require a global assessment and minimal spatial characterization to cal-
culate the final score. Although this study did not record actual time

required to perform the ARIA-E assessments, which could be a topic

for future research, the readers in this study estimate that the BGTS
assessment, including time required to complete a report, requires
approximately three times as long as for the SSAE scales. The time
required to train on the BGTS is also significantly longer than for the
SSAE scales. As such, the SSAE-3 and SSAE-5 are easier to administer
for practical use in a clinical setting than the BGTS, potentially allow-
ing for a more direct characterization of ARIA-E. Furthermore, to avoid
confusion among radiologists, to simplify training, and to streamline
the workflow in radiology settings, it is important to implement stan-
dardized ARIA-E severity scales, such as the SSAE scales, that could be
used similarly for all anti-AB mAb therapies.

This study has shown that the SSAE-3 and SSAE-5 scales are well
correlated with the BGTS, with concordance on a treatment man-
agement threshold of SSAE-3 > 1 corresponding to a threshold of
BGTS > 3 for all readers considered. This allows for a direct and rou-
tine translation of ARIA-E management rules between scales. High
rates of false negatives would be of concern for a transition from
BGTS to SSAE-3 that safeguards patient safety. However, the pro-
posed cut-off of SSAE-3 > 1 shows false positive rates higher than false
negative rates consistently across readers, allowing for treatment man-
agement aligned with (and in many cases even more conservative than)
BGTS > 3.
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FIGURE 3 Examples where BGTS and SSAE ratings are concordant (top row) and discrepant (bottom row). BGTS, Barkhof Grand Total Scale;

SSAE, Severity Scale of amyloid-related imaging abnormalities-edema

As expected, there is not perfect agreement between the BGTS and
SSAE scales given the differences in extent thresholds and in lobu-
lar anatomical characterization of ARIA-E lesions. Multifocal ARIA-E
occurrence would be scored as SSAE-3 = 2 (leading to treatment inter-
ruption), whereas it may be scored as < 3 on the BGTS if the extent
of each focus is less than 2 cm. Inversely, a monofocal ARIA-E occur-
rence of less than 5 cm would be scored as SSAE-3 = 1, whereas it
could be > 3 on the BGTS if its size is between > 4 cm and < 5 cm or
if it extends over multiple adjacent anatomical locations. The separate
assessment of different brain lobes in the BGTS causes a wide range of
scores that correspond to SSAE-3 = 2 without improving the treatment
management.

The SSAE-3 and SSAE-5 provide an alternative when making deci-
sions regarding treatment management for patients with ARIA-E, using
scales that may be easier to use compared with the BGTS in a clinical
environment. Both SSAE-3 and SSAE-5 scores showed a high degree
of inter-reader agreement and correlation with the BGTS, when scor-
ing ARIA-E severity. ICC inter-reader agreement was similar using the
SSAE-3 (ICC =0.87) or SSAE-5 (ICC = 0.86). The greater granularity of
the SSAE-5 compared with the SSAE-3 could allow a greater spectrum
of clinical intervention. This hypothesis is being explored in the ongoing
Post-GRADUATE OLE study of gantenerumab.??

A limitation of the study is that the rating scales have only been
validated in terms of inter-rater agreement by three specialized and
experienced readers. Further validation of the SSAE-3 and SSAE-5

visual rating is needed in a more heterogeneous group of raters in

terms of expertise. This is also highlighted as a limitation by Barkhof
et al. evaluating the BGTS.12 Another limitation may be that the SSAE
treatment management thresholds are based around ARIA-E lesions of
5 to 10 cm, whereas the BGTS thresholds are based around lesions of
2 to 4 cm. Future work could explore potential alternative treatment

management thresholds for SSAE.

5 | CONCLUSION

This study shows that both SSAE-3 and SSAE-5 are highly correlated
with the BGTS; when ARIA-E ratings are dichotomized, the thresholds
of BGTS > 3, SSAE-3 > 1, and SSAE-5 > 1 ensure maximum concor-
dance among the scales. Therefore, there is potential for a direct and
routine translation of the current BGTS-based rule for ARIA-E-related
dosing suspension in the GRADUATE trials, into a new rule based on
the SSAE-3 or SSAE-5. Overall, the SSAE-3 and SSAE-5 may provide
a simpler alternative to the BGTS in a clinical setting, with the SSAE-
5 providing greater granularity than the SSAE-3 for characterizing
radiographically moderate ARIA-E, potentially allowing for a greater

spectrum of clinical intervention.
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