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“We have demonstrated 
how metastatic cells in 
the brain rewire the 
microenvironment, inducing 
the appearance of specific 
pro-tumour subpopulations 
of microglia/macrophages, 
which additionally create a 
therapeutic vulnerability.”

OVERVIEW

Brain metastasis is the most common neurological complication 
of cancer and, in spite of the progress made with local (i.e., surgery 
and radiation) and systemic (i.e., targeted therapy, immunotherapy) 
therapies, prognosis remains poor. Indeed, the increased incidence 
of brain metastases is partially due to systemic therapies that work 
extra-cranially but do not provide the same therapeutic benefit in 
the brain. We study why and how cells from different cancer types 
(breast cancer, lung cancer, and melanoma) are able to access the 
brain, survive, and colonise this vital organ. We dissect the biology 
of these processes in vivo using experimental models and patient-
derived material to challenge this unmet clinical need. Our research 
has identified novel brain metastasis mediators, characterised 
the metastasis-associated microenvironment, designed better 
experimental models, and explored novel methods to target brain 
metastasis as well as to prevent or revert the frequent impact of 
metastasis on brain function.
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RESEARCH HIGHLIGHTS

Anti-tumour to pro-tumour transition in the brain 
metastasis microenvironment

How do metastases induce changes in the organs they colonise to 
favour their own growth? We found that an interferon-mediated 
inflammatory response together with the secretion of a protein 
by metastatic cells can rewire signalling pathways in a specific 
subpopulation of macrophages and microglia (mac/mic). These 
subpopulations of mac/mic are characterised by the expression 
of CD74. Once a chaperone for MHC class II, CD74 adopts a new 
role upon binding to cancer cell-derived MIF that activates a non-
canonical pathway, inducing NFκB protumorigenic activities in 
this compartment of the microenvironment. These functionally 
relevant CD74+ subpopulations of mac/mic are also the target of 
a new therapeutic vulnerability validated in experimental brain 
metastases from mice and humans, which could be guided using 
a liquid biopsy. Remarkably, the CD74+ mac/mic signature of 
poor prognosis derived from brain metastases is also present in 
Alzheimer’s disease and multiple sclerosis, which suggests our 
findings might be a landmark of brain disorders.

New vulnerabilities in triple-negative breast cancer brain 
metastases

A subpopulation of pro-metastatic pSTAT3+ astrocytes was found 
to be particularly enriched in triple-negative breast cancer brain 
metastases from mice and patients. The use of STAT3 inhibitor 
in this subtype of breast cancer, characterised by its aggressive 
behaviour and limited therapeutic opportunities, showed positive 
responses in experimental brain metastases.

CIMARa: an international consortium for promoting brain 
metastasis research and clinical efforts

With more than 120 members, the Consortium for Intracranial 
Metastasis Academic Research was formalised in June 2021 as an 
inclusive group of multidisciplinary clinical investigators, research 
scientists, and advocates who share the collective goal of improving 
outcomes for patients with BrM.

Novel brain-optimised anti-HER2 antibody for breast 
cancer brain metastases

We report the synthesis, characterisation, and evaluation of site-
specific mAb–brainshuttle antibody conjugates (ASCs) based 
on the anti-HER2 mAb trastuzumab (Tz) and four molecules of 
MiniAp-4. Our findings showed preferential transport across the 
blood–brain barrier/blood–tumour barrier, displaying a marked 
therapeutic effect and protecting against metastasis development.

The current landscape of brain metastasis

The aim of this review is to provide an updated synthesis of these 
developments, integrating insights from genomics, single-cell and 
spatial technologies, neuroimmunology, cancer neuroscience, and 
metabolism with translational advances in modelling, prevention, 
and therapy. As highlighted throughout this review, a new era 
is emerging—one that recognises BrM not only as biologically 
distinct, but also as a treatable and, in some cases, preventable 
manifestation of systemic cancer. Nonetheless, these advances 
have also illuminated remaining challenges and areas primed for 
further discovery. s

FIGURE  1 A subpopulation of 
microglia/macrophages expressing 
CD74 can be targeted with ibudilast 
(a), demonstrating the therapeutic 

benefit of blocking the pro-tumoral 
microenvironment in experimental (b, 
c) and human brain metastases.
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