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Letter to the Editor

Blood-brain barrier water exchange and paramagnetic
susceptibility alterations during anti-amyloid therapy:
preliminary MRI findings

To the Editor,

Anti-amyloid-f (Af) monoclonal antibodies, including lecanemab,
have demonstrated efficacy in reducing amyloid burden and slowing
cognitive decline in early Alzheimer’s disease (AD) [1]. However, their
administration is often accompanied by amyloid-related imaging abnor-
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malities (ARIA), such as ARIA-H (hemosiderin deposition) and ARIA-E
(edema or effusion), which complicate treatment safety and monitoring
[2]. Given the role of the blood-brain barrier (BBB) in Ap transport and
ARIA pathogenesis (Supplementary Figure 1), [3] non-invasive imaging
of BBB function and vascular integrity may offer valuable insights for
optimizing therapy.

In our prospective, observational study (UMIN000055333), 31 pa-
tients with early AD received biweekly intravenous lecanemab. MRI and
cognitive assessments were performed monthly over a 3-month period
(Supplementary Figure 2). We employed diffusion-prepared pseudo-

Fig. 1. Representative images. Longitudi-
nal changes in representative BBB k, maps
(Fig. 1A) and the corresponding paramagnetic
(Fig. 1B) and diamagnetic susceptibility maps
(Fig. 1C) are presented from an eligible partic-
ipant who developed ARIA-H accompanying
microbleeds detected on T2*-weighted imag-
ing (Fig. 1D) in the left lateral temporal lobe
at 2 months post-treatment of anti-Af mono-
<0 clonal antibodies. Yellow bounding boxes are
10 x magnified to visualize the microbleeds.
BBB k,, values transiently increased before the
onset of ARIA-H, and this increase was more
pronounced in regions exhibiting ARIA-H than
in unaffected areas (yellow arrowheads). Para-
magnetic susceptibility maps taken after the
manifestation of ARIA-H exhibited increases in
paramagnetic susceptibility values compared
to those without ARIA-H (yellow arrows).
Meanwhile, diamagnetic susceptibility values
remained relatively stable across the images
over time. ARIA-H = ARIA with hemosiderin
deposits, BBB = blood-brain barrier, R = right.
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continuous arterial spin labeling (DP-pCASL) to quantify BBB water
exchange rate (k,), [4] and quantitative susceptibility mapping with
source separation (QSM-ARCS) to distinguish paramagnetic (e.g., iron)
and diamagnetic (e.g., myelin) tissue components [5].

ARIA-H developed asymptomatically in 3 of 31 participants (10 %),
all of whom were APOE ¢4 carriers (Supplementary Table 1). Notably,
each exhibited a transient increase in k,, prior to ARIA-H onset and sus-
tained elevation of paramagnetic susceptibility thereafter (Fig. 1 and
Supplementary Figure 3). These dynamic imaging patterns were not ob-
served in participants without ARIA-H. Diamagnetic susceptibility val-
ues remained stable across the cohort.

Linear mixed-effects models (Supplementary Table 2) revealed that
Montreal Cognitive Assessment (MoCA) scores were positively corre-
lated with k,, in the frontal (8 = 0.471; FDR-corrected P = 0.019)
and medial temporal lobes (f = 0.419; FDR-corrected P = 0.038),
and negatively correlated with paramagnetic susceptibility in the me-
dial (f = —0.524; P = 0.005) and lateral temporal lobes (f = —0.438;
P = 0.027). These associations suggest that increased BBB permeability
may reflect glymphatic activity or vascular health, while elevated para-
magnetic susceptibility may mark subclinical vascular damage or iron
deposition.

Our findings support the feasibility of using DP-pCASL and QSM-
ARCS for real-time monitoring of treatment-related neurovascular
changes. The k,, metric may serve as a sensitive early indicator of ARIA
risk, and paramagnetic susceptibility may track iron-related pathology.
Together, these biomarkers show potential for guiding individualized
treatment and safety protocols.

While limited by sample size and follow-up duration, this study pro-
vides proof-of-concept for integrating advanced MRI into clinical work-
flows for AD. Future multicenter trials with larger cohorts are needed to
confirm these observations and define clinically actionable thresholds.

In conclusion, advanced MRI biomarkers of BBB function and mag-
netic susceptibility represent a promising approach for improving safety
monitoring, elucidating the mechanisms of ARIA, and personalizing
anti-amyloid therapy in patients with AD.
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