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Editorial 

Breaking Barriers: Delivering Therapeutics to the Brain in Alzheimer’s 

Disease 
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Despite major advances in understanding the molecular pathol-

gy of neurological disorders, therapeutic progress has lagged be-

ind —particularly for diseases like Alzheimer’s. Antibodies, proteins,

nd genetic medicines hold tremendous promise, yet their clinical effi-

acy in brain disorders has been modest at best. A central obstacle is

he blood–brain barrier (BBB), a highly selective endothelial interface

hat prevents over 98 % of small molecules, ( > 500 Da), and virtually

ll large biologics from reaching the brain parenchyma [ 1 ]. 

This barrier, formed by tightly sealed brain capillary endothelial cells

nd supported by pericytes and astrocytic end-feet, spans an estimated

2–18 m2 in the human brain. Its protective function is essential for

eural homeostasis —but it comes at a cost. Most Alzheimer’s disease

AD) therapeutics, including monoclonal antibodies like aducanumab,

ecanemab, and donanemab, cross the BBB inefficiently. While some re-

orts suggest up to 1 % of administered antibodies reach the brain, rig-

rous pharmacokinetic analyses more commonly estimate this at 0.01–

.1 % [ 1 , 2 ]. This minimal uptake necessitates high systemic doses, in-

reasing the risk of off-target effects and side effects such as amyloid-

elated imaging abnormalities (ARIA). 

In this issue, Lotte de Koning [ 7 ] et al. provide a timely and com-

rehensive review of emerging strategies to overcome the BBB. Among

he three approaches discussed, receptor-mediated transcytosis (RMT)

s arguably the most mechanistically grounded. RMT exploits native

ransport systems —such as the transferrin receptor (TfR1) —to ferry

herapeutics across the endothelium. Advances in antibody engineer-

ng have made this a tractable strategy, as demonstrated by Roche’s

rainshuttleTM platform. This approach attaches a TfR1-targeting moi-

ty to a therapeutic antibody, enabling efficient uptake and transcytosis

ithout interfering with physiological iron transport. 

Other methods reviewed by the authors are more empirical. Fo-

used ultrasound (FUS), which transiently opens the BBB in specific

egions using circulating microbubbles and acoustic pressure, was first

onceptualized [ 3 ] in oncology but is now under investigation in AD.

he third strategy, nanocarrier-based delivery systems —including li-

osomes, nanoparticles, and exosomes —has a longer history, dating

ack to Juliano and Stamp (1975) [ 4 ]. While conceptually appealing,

anocarrier delivery faces persistent hurdles: variability in composition,

ncertain release kinetics, and limited targeting precision have so far

indered clinical translation. 

These delivery systems must also overcome a second, often underap-

reciated challenge: cellular uptake and intracellular trafficking. Cross-

ng the BBB is only the first step. Once in the brain, therapeutics must

e taken up by the intended cell type and escape endosomal compart-
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ents to reach their intracellular targets. For some targets, such as

ACE1 [ 2 , 5 ], which resides in endosomes, this may be sufficient. For

thers —such as antisense oligonucleotides (ASOs) that require cytoso-

ic access —endosomal escape remains a critical bottleneck. 

Alternative approaches such as intrathecal or intranasal delivery by-

ass the BBB altogether but carry their own limitations, including in-

asiveness, dosing constraints, and limited distribution in the human

rain’s larger volume compared to rodents. 

Among these strategies, trontinemab —a re-engineered version of

antenerumab —exemplifies the promise of BBB shuttles. By incorpo-

ating TfR1-binding modules into a bispecific antibody format, Roche’s

rainshuttleTM enabled dramatic enhancement of brain uptake and

apid amyloid clearance within [ 6 , 7 ] months —at much lower doses than

raditional anti-amyloid therapies and with minimal ARIA risk. Tron-

inemab’s clinical performance contrasts starkly with gantenerumab’s

arlier failure, underscoring the transformative potential of improved

elivery rather than just better targets. 

The TfR1 program with trontinemab is associated with side-effects in

dministration and chronic use. Infusion reactions are common, affect-

ng up to 50 % of patients and currently require prophylactic treatment

ith corticosteroids prior to dosing. Trontinemab is also associated with

nemia caused by reductions in ferritin which can be manged by oral

ron supplementation. It is unclear to what degree these side-effects can

e overcome and if not, how might this impact the uptake of this promis-

ng treatment in clinical practice? 

There are also questions about the pattern of distribution of tron-

inemab in the brain that may help explain the much lower rates of

RIA. A model has been developed showing diffuse capillary uptake

f drug that bypasses early binding to amyloid deposits in meningeal

essels. This hypothesis requires further exploration. We agree with de

oning and colleagues that better quantitative methods are needed to

easure the amount and topographic pattern of drug reaching the brain.

The success of the trontinemab TfR1 program has galvanized broader

nterest. Denali Therapeutics and other groups are developing bis-

ecific antibodies and conjugates for neurodegenerative and lysoso-

al storage diseases. Some gene and RNA therapies are now be-

ng engineered with BBB-targeting moieties to enable systemic deliv-

ry, such as the recent attempt to deliver an ASO over the BBB us-

ng the TfR receptor (6). These advances hold great promise for fu-

ure drug development, but more work is needed to develop more

rain-specific shuttles, overcoming the peripheral side effects, explor-

ng short and long term safety and determining the right payload

or the right indication. Pharma interest seems huge, exemplified by
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he recent acquisition of Aliada Tx, who developed a p-glu mAb

gainst AD coupled with their own proprietary shuttle, by AbbVie for

.4B USD ( https://news.abbvie.com/2024-12-11-AbbVie-Completes-

cquisition-of-Aliada-Therapeutics?utm_source = chatgpt.com ). On the

ther hand the field is very young. Of the 20 + companies developing

huttled programs against neurological disorders, as of March 2025,

nly one got FDA approval (IZCARGO, by JCR Pharmaceuticals who de-

eloped a shuttled enzyme replacement drug for Hunter Syndrome). All

hese data however, do suggest that coupling CNS-active agents with

BB transit mechanisms could become a generalizable solution across

rain diseases. 

As trontinemab enters Phase III trials, the field awaits the key ques-

ion: will enhanced brain delivery translate into meaningful and durable

linical benefit? If so, it may signal a transformative paradigm shift —not

nly for AD, but for how we design, deliver, and evaluate therapies in

ll CNS disorders. What was once an impermeable barrier may soon

ecome a gateway to precision brain therapeutics. 

eclaration of generative AI and AI-assisted technologies in the 

riting process 

During the preparation of this work, Bart de Strooper used Chat GPT

.0 to improve writing. After using this tool, the authors reviewed and

dited the content, as needed, and take full responsibility for the content

f the publication. 
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