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Blood-brain barrier The incidence of brain metastasis has risen dramatically over the
last decades and has equaled that of primary brain tumors [1]. At first sight this increase
seems in contradiction with improved treatment options for cancer. Although screening
strategies, early detection, and better surgical, pharmacological, and radiation interventions
have led to better survival rates for many cancer types [2], incidences of cerebral metastasis
did not drop concurrently. Apart from the extension of life expectancy, leading to increased
numbers of cancer cases, there are other explanations for this contradiction. The successful
treatment regimens for breast cancer have led to better control of the primary tumors but
the time window for potential development of brain metastases increased. Further, there
may be effects of chemotherapy-induced selection of particular tumor clones with a higher
affinity for the brain. There are several trials conducted on the effects of particular drugs
on established brain metastasis [3,4]. The prevention of tumor cells reaching the brain
is another current topic [5,6]. In most studies tumors are characterized, traditionally, by
the organ of origin, by classic histology, and immune-phenotyping. In some recent trials,
however, the characterization is substituted by genetic parameters [7,8]. An important
issue is the similarity of the brain metastasis with its parental tumor. In fact, an even more
essential question is whether particular metastases arise from the primary tumor, or repre-
sent seeding from another metastasis. It seems that driver mutations usually remain to be
present in the metastatic tumor cells, but that the latter may differ significantly in additional
genetic make-up. Then follows the important question about suitable chemotherapy for
the metastatic tumor cells.

It has been known for a long time that cancers arising in various organs have different
affinities for the brain [9]. Lung cancers usually give rise to brain tumors relatively soon
after the diagnosis is made. Brain metastases originating from breast cancers usually arise
late in the course of the disease. Triple negative breast tumors usually disseminate quickly
to various organs, including the brain. Other tumors with well-known predilection for
cerebrum are melanomas and, to a lesser extent, renal cell carcinomas. In order to study the
essentials of each individual step of the metastatic cascade, various experimental models
have been developed [10]. Various cell lines, to be used as representatives of different
cancers are available, by now [11]. Apart from the molecular level, also biomechanical
forces are operative at the sites where tumor cells land [12]. Repertoires of gene expression
and molecular pathways specifically involved in passage through the blood-brain barrier
(BBB) are topics of current research [13,14]. The effects of immune cells on the primary
tumor may also be relevant for the rise of brain metastases: T-cell interactions with tumor
cells change the expressional repertoires of tumor cells that seem to facilitate their capacity
to pass the BBB [15]. While this effect was found in estrogen receptor-negative breast
cancers, no such mechanism seems to be prominent in lung cancer. The expression of
sets of microRNAs are operative in the metastatic cascade to the brain as well [16] and
micro-environmental factors and interactions between the residential and metastatic cells
are topics of current research [17,18]. Part of the molecular mechanisms underlying the
passage of tumor cells through the BBB implicate motility of the tumor cells [19]. Another
part involves extracellular vesicles, steered by microRNAs, that breach the intactness of the
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BBB [20–22]. Once the cancer cells have passed through the BBB they enter the perivascular
space of the cerebral blood vessels, where they may reside for variable lengths of time to
ultimately migrate into the brain tissue [23]. The creation of, and interaction with, newly
formed blood vessels plays a large role in the progress of invasion. The outgrowth of
tumor cells in the brain is dependent on the expressional repertoire of the tumor cells and
their interactions with cells in the brain micro-environment, including representatives of
the local immune response [24,25]. The parts played by either the innate or the acquired
immune response on outgrowth are topics of current explorations [26]. The innate immune
system represented by perivascular microglia and macrophages interact with the tumor
cells, and immune modulation is being scrutinized as prophylaxis for the rise of brain
metastases [27]. For the development of therapeutic or preventive strategies it is important
to delineate and scrutinize the various stages of brain metastasis, and their diversity among
and between various cancer types.

References
1. Sacks, P.; Rahman, M. Epidemiology of Brain Metastases. Neurosurg. Clin. N. Am. 2020, 31, 481–488. [CrossRef] [PubMed]
2. Thurmaier, J.; Heinemann, V.; Engel, J.; Schubert-Fritschle, G.; Wiedemann, M.; Nüssler, N.C.; Ruppert, R.; Kleeff, J.; Schepp, W.;

Löhe, F.; et al. Patients with colorectal cancer and brain metastasis: The relevance of extracranial metastatic patterns predicting
time intervals to first occurrence of intracranial metastasis and survival. Int. J. Cancer 2020. [CrossRef]

3. Costa, D.B.; Shaw, A.T.; Ou, S.H.I.; Solomon, B.J.; Riely, G.J.; Ahn, M.J.; Zhou, C.; Shreeve, S.M.; Selaru, P.; Polli, A.; et al. Clinical
experience with crizotinib in patients with advanced alk-rearranged non-small-cell lung cancer and brain metastases. J. Clin.
Oncol. 2015, 33, 1881–1888. [CrossRef] [PubMed]

4. Costa, R.; Carneiro, B.A.; Wainwright, D.A.; Santa-Maria, C.A.; Kumthekar, P.; Chae, Y.K.; Gradishar, W.J.; Cristofanilli, M.; Giles,
F.J. Developmental therapeutics for patients with breast cancer and central nervous system metastasis: Current landscape and
future perspectives. Ann. Oncol. 2017, 28, 44–56. [CrossRef] [PubMed]

5. Eberst, L.; Bailleux, C.; Bachelot, T. Prevention of brain metastases in human epidermal growth factor receptor 2-positive breast
cancer. Curr. Opin. Oncol. 2020, 32, 555–560. [CrossRef]

6. McMahon, J.T.; Faraj, R.R.; Adamson, D.C. Emerging and investigational targeted chemotherapy and immunotherapy agents for
metastatic brain tumors. Expert Opin. Investig. Drugs 2020, 1–18. [CrossRef]

7. Romero, A.; Jantus-Lewintre, E.; García-Peláez, B.; Royuela, A.; Insa, A.; Cruz, P.; Collazo, A.; Pérez Altozano, J.; Vidal, O.J.; Diz,
P.; et al. Comprehensive cross-platform comparison of methods for non-invasive EGFR mutation testing: Results of the RING
observational trial. Mol. Oncol. 2020. [CrossRef]

8. Fisher, J.G.; Tait, D.; Garrett-Mayer, E.; Halabi, S.; Mangat, P.K.; Schink, J.C.; Alvarez, R.H.; Veljovich, D.; Cannon, T.L.; Crilley, P.A.;
et al. Cetuximab in patients with breast cancer, non-small cell lung cancer, and ovarian cancer without KRAS, NRAS, or BRAF
mutations: Results from the targeted agent and profiling utilization registry (TAPUR) study. Target. Oncol. 2020, 15, 733–741.
[CrossRef]

9. Cagney, D.N.; Martin, A.M.; Catalano, P.J.; Redig, A.J.; Lin, N.U.; Lee, E.Q.; Wen, P.Y.; Dunn, I.F.; Bi, W.L.; Weiss, S.E.; et al.
Incidence and prognosis of patients with brain metastases at diagnosis of systemic malignancy: A population-based study. Neuro
Oncol. 2017, 19, 1511–1521. [CrossRef]

10. Pantazi, P.; Carollo, E.; Carter, D.R.F.; Brooks, S.A. A practical toolkit to study aspects of the metastatic cascade in vitro. Acta
Histochem. 2020, 122, 151654. [CrossRef]

11. Valiente, M.; Van Swearingen, A.E.; Anders, C.K.; Bairoch, A.; Boire, A.; Bos, P.D.; Cittelly, D.M.; Erez, N.; Ferraro, G.B.; Fukumura,
D.; et al. Brain metastasis cell lines panel: A public resource of organotropic cell lines. Cancer Res. 2020, 80, 4314–4323. [CrossRef]
[PubMed]

12. Follain, G.; Osmani, N.; Azevedo, A.S.; Allio, G.; Mercier, L.; Karreman, M.A.; Solecki, G.; Leòn, M.J.G.; Lefebvre, O.; Fekonja,
N.; et al. Hemodynamic forces tune the arrest, adhesion, and extravasation of circulating tumor cells. Dev. Cell 2018, 45, 33–52.
[CrossRef] [PubMed]

13. Blazquez, R.; Wlochowitz, D.; Wolff, A.; Seitz, S.; Wachter, A.; Perera-Bel, J.; Bleckmann, A.; Beißbarth, T.; Salinas, G.; Riemen-
schneider, M.J.; et al. PI3K: A master regulator of brain metastasis-promoting macrophages/microglia. Glia 2018, 66, 2438–2455.
[CrossRef] [PubMed]

14. Fares, J.; Kanojia, D.; Rashidi, A.; Ulasov, I.; Lesniak, M.S. Genes that mediate metastasis across the blood-brain barrier. Trends
Cancer 2020, 6, 660–676. [CrossRef]

15. Mustafa, D.A.M.; Pedrosa, R.M.; Smid, M.; van der Weiden, M.; de Weerd, V.; Nigg, A.L.; Berrevoets, C.; Zeneyedpour, L.;
Priego, N.; Valiente, M.; et al. T lymphocytes facilitate brain metastasis of breast cancer by inducing Guanylate-Binding Protein 1
expression. Acta Neuropathol. 2018, 135, 581–599. [CrossRef]

16. Sereno, M.; Videira, M.; Wilhelm, I.; Krizbai, I.A.; Brito, M.A. miRNAs in health and disease: A focus on the breast cancer
metastatic cascade towards the brain. Cells 2020, 9, 1790. [CrossRef]

http://dx.doi.org/10.1016/j.nec.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32921345
http://dx.doi.org/10.1002/ijc.33364
http://dx.doi.org/10.1200/JCO.2014.59.0539
http://www.ncbi.nlm.nih.gov/pubmed/25624436
http://dx.doi.org/10.1093/annonc/mdw532
http://www.ncbi.nlm.nih.gov/pubmed/28177431
http://dx.doi.org/10.1097/CCO.0000000000000682
http://dx.doi.org/10.1080/13543784.2020.1836154
http://dx.doi.org/10.1002/1878-0261.12832
http://dx.doi.org/10.1007/s11523-020-00753-7
http://dx.doi.org/10.1093/neuonc/nox077
http://dx.doi.org/10.1016/j.acthis.2020.151654
http://dx.doi.org/10.1158/0008-5472.CAN-20-0291
http://www.ncbi.nlm.nih.gov/pubmed/32641416
http://dx.doi.org/10.1016/j.devcel.2018.02.015
http://www.ncbi.nlm.nih.gov/pubmed/29634935
http://dx.doi.org/10.1002/glia.23485
http://www.ncbi.nlm.nih.gov/pubmed/30357946
http://dx.doi.org/10.1016/j.trecan.2020.04.007
http://dx.doi.org/10.1007/s00401-018-1806-2
http://dx.doi.org/10.3390/cells9081790


Cancers 2021, 13, 65 3 of 3
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