
Volume 2, Issue 1  

Research Article 

   1 

Date of Submission: 02 January 2026 

Date of Acceptance: 20 February 2026 

Date of Publication: 23 February 2026 

 

Med Pharmacol Open Access 

Understanding Brain Metastasis: From Molecular Mechanisms to 
Treatment Advances  
 
Valeria La Rosa Sanchez1* and Angela Anaid Rios Angulo2  

1Colegio Peruano Britanico, Surco, Lima, Perú 
2Neuroscience Graduate Program, University of Michigan, Ann Arbor, MI, USA 
 
*Corresponding Author: Valeria La Rosa Sanchez, Colegio Peruano Britanico, Surco, Lima, 
Perú. 
 
Citation: Sanchez, V, L, R., Angulo, A, A, R. (2026). Understanding Brain Metastasis: From 
Molecular Mechanisms to Treatment Advances. Med Pharmacol Open Access. 2(1), 01-09. 
 
Abstract 
Brain cancer metastasis is one of the most common neurological complications associated with 
various types of cancer, particularly lung cancer, breast cancer, and melanoma. Approximately 
20% of cancer patients develop brain metastasis. Current therapeutic strategies are limited and 
often lack effectiveness, with patient survival typically averaging less than 15 months. As a 
result, brain metastasis remains one of the leading causes of cancer-related mortality 
worldwide. Therefore, understanding the mechanisms behind brain metastasis is crucial for 
improving treatment outcomes. In this review, we provide an overview of the epidemiology, 
mechanisms, diagnostic approaches, prognostic factors, and treatment strategies associated 
with brain cancer. 
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An Overview of Brain Metastasis  
Brain metastases are secondary tumors that develop when cancer cells spread from their 
primary site to the brain. These metastases are commonly associated with cancers of the lung, 
breast, colon, kidney, and melanoma, making them one of the most frequent neurological 
complications of primary malignancies. Brain metastasis represents the most common type of 
brain tumor, affecting approximately 20% of all cancer patients, and they are a leading cause 
of morbidity and mortality worldwide [1]. Patients diagnosed with brain metastases often 
experience a range of debilitating symptoms, including headaches, seizures, fatigue, and 
cognitive deficits, all of which significantly impact their quality of life and daily functioning  [2]. 
Treatment strategies for brain metastasis generally involve a combination of radiation therapy, 
chemotherapy, immunotherapy, and surgery. Despite these interventions, the overall survival 
rate remains poor, with most patients surviving less than two years after diagnosis [3]. For this 
reason, early diagnosis and accurate prognostication are essential for personalized treatment 
strategies and improved patient outcomes. 
 
Epidemiology  
Brain metastases typically occur in patients who have survived primary cancers, often arising 
as a complication during the advanced stages of the disease. These metastases represent a 
hallmark of late-stage malignancy, with cancer cells spreading to the brain from other organs. 
In the United States, approximately 40,000 new cases of brain metastases are reported 
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annually [4]. In countries such as Peru, there is currently no established database to track the 
annual incidence of brain metastasis cases. However, the most recent study was to determine 
the characteristics of breast cancer patients with brain metastasis [5]. 
 
Epidemiologically, brain metastasis affects 20-40% of adults with malignant neoplasms, while 
the incidence in pediatric patients ranges from 6-10% [6]. In adults, the most common primary 
cancers leading to the development of brain metastasis include breast cancer, melanoma, non-
small-cell lung cancer (NSCLC), and colon cancer. On the other hand, in pediatric populations, 
sarcomas, melanomas, and neuroblastomas are more frequently associated with brain 
metastasis. These differences underscore the distinct malignancies contributing to brain 
metastasis across age groups [1,4,7]. 
 
Several key factors influence the development of brain metastases, including gender, age, and 
the stage of the primary disease. Gender plays a notable role: men with lung cancer are most 
likely to develop brain metastases, while breast cancer is the leading cause in women [2]. Age 
also significantly affects the likelihood of brain metastasis. Women with breast cancer, 
especially those aged 20-39, are at a higher risk of developing brain metastases, while lung 
cancer patients typically present with brain metastasis between the ages of 40-49. For 
melanoma patients, brain metastasis most commonly occurs in individuals aged 50-59 years 
[2].  
 
Mechanisms 
Brain metastasis is a process involving the spread of cancer cells from a primary tumor to the 
brain. First the cancer cells from the primary tumor have to invade the bloodstream, this process 
is known as intravasation. The cancerous cells pass through the walls of the blood vessels 
thanks to factors such as the degradation of the extracellular matrix (ECM) and the influence 
of matrix metalloproteinases (MMPs). As a result, circulating tumor cells (CTCs) enter the 
systemic circulation and travel to different organs including the brain [8]. 
 
Once in the bloodstream, CTCs must cross the blood-brain barrier (BBB), a highly selective 
permeability barrier that protects the brain from harmful substances, maintains brain 
homeostasis and proper neuronal function  [9]. The blood-brain barrier is formed by tight 
junctions (TJs) between endothelial cells, these junctions are transmembrane proteins such as 
occludin, claudins, tricellulin/marvelD2, marvelD3. These junctions hinder the passage of many 
substances, including cancer cells [9]. However, certain tumor cells have evolved mechanisms 
to cross the BBB through endothelial transcytosis, a process in which cancer cells are 
transported across endothelial cell barriers by vesicle-mediated processes [10]. Once the cancer 
cells extravasate, when they leave the bloodstream, they penetrate the brain tissue and form 
micrometastases. Likewise, it has been reported that astrocytes facilitate the migration of 
circulating cells across the BBB [11,12]. 
 
After extravasation, tumor cells face the challenge of establishing themselves in the brain 
environment. Successful colonization depends on several factors, including the interaction 
between the tumor cells and the brain microenvironment. However, it is still unclear how brain-
tropic cancer cells adapt to the brain's unique microenvironment. It is known that tumor cells 
undergo various events, such as an angiogenic switch, in which tumors induce the formation 
of new blood vessels to supply the growing metastatic tumor. Tumor cells secrete angiogenic 
factors such as vascular endothelial growth factor (VEGF) to promote blood vessel formation 
within brain tissue [13]. Likewise, the interaction between astrocytes and tumor cells has been 
demonstrated, where astrocytes supply arachidonic acid (AA, 20:4) and mead acid (20:3) to 
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tumor cells, activating PPARγ signaling and increasing their proliferation in the brain [14]. 
Additionally, cancer cells may exploit the brain’s innate immune responses, sometimes evading 
immune surveillance and adapting to the immunosuppressive brain environment [15]. 
 
After the establishment of cancer cells in the brain, the most common symptoms of brain 
metastasis are severe headaches, dizziness, seizures as well as movement and speech 
difficulties. 
 
Diagnosis  
Neuroimaging is the primary method for detecting brain metastases, with magnetic resonance 
imaging (MRI) using gadolinium contrast considered the gold standard. This technique provides 
superior resolution and sensitivity compared to computed tomography (CT), enabling precise 
localization of lesions, including their number and size, even those smaller than 5 mm  [16]. 
 
Advanced MRI techniques, such as diffusion-weighted imaging (DWI), visualize the movement 
of water molecules within brain tissue. This enables differentiation between various brain 
lesions, such as gliomas and cerebral infarcts, while also helping assess tumor activity and 
predict treatment response [17]. Another MRI technique is perfusion-weighted imaging (PWI), 
which provides information about cerebral hemodynamics, including blood flow and volume. 
This technique is useful for assessing the vascularity of lesions [18]. Finally, magnetic resonance 
spectroscopy (MRS) offers biochemical and metabolic insights into brain tissue, aiding in the 
differentiation between brain metastases and primary tumors such as gliomas [19]. 
 
Early and accurate diagnosis of brain metastases relies heavily on advanced imaging and 
emerging molecular tools.  
 
Prognosis  
As mentioned, the prognosis of patients with brain metastases is influenced by multiple factors, 
including patient age, number of brain lesions, type of primary tumor, and molecular 
characteristics. One of the most widely used prognostic tools is the Graded Prognostic 
Assessment (GPA), which incorporates variables such as primary cancer type, patient functional 
status, and presence of extracranial metastases to generate a personalized score. The GPA 
ranges from 0 to 4, with 0 indicating the poorest prognosis and 4 the most favorable [20,21]. 
 
Another widely used method is Recrudescent Partition Analysis (RPA), originally developed by 
Gaspar and colleagues using trial data from the Radiation Therapy Oncology Group (RTOG) 
[22,23]. The RPA stratifies patients based on key clinical factors, such as age (older or younger 
than 65 years) and presence of extracranial metastases. Based on these variables, patients are 
classified into three prognostic classes with different median overall survival rates: Class I (~7.1 
months), Class II (~4.2 months) and Class III (~2.3 months). Despite its simplicity and wide 
adoption, the RPA does not incorporate important prognostic factors such as the number of 
brain metastases or molecular characteristics of the tumor [22,24,25]. 
 
While traditional prognostic models, such as RPA, have provided a practical framework, newer 
tools that integrate genomic and treatment response data offer a more nuanced and 
individualized approach. Thus, accurate prognostic assessment is essential not only to guide 
therapeutic decisions, but also to inform patients' expectations and optimize their quality of life. 
 
 
Treatments Strategies  
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Treatment strategies for brain metastases require a personalized, multidisciplinary approach 
tailored to the tumor’s molecular characteristics, the primary cancer type, and the patient’s 
overall health status. Management typically involves a multimodal regimen that may include 
systemic therapy, radiation therapy, surgical resection, and supportive care [26]. 
 
Systemic therapy, including targeted therapy, immunotherapy, and chemotherapy, has 
advanced considerably in recent years and now plays a central role in the treatment of brain 
metastasis, particularly in selected molecular subgroups [27]. Targeted therapies demonstrate 
tumor-specific efficacy in genetically defined populations. For example, BRAF and MEK inhibitors 
(such as dabrafenib and trametinib) have significantly improved survival outcomes in patients 
with melanoma brain metastases, especially when combined with stereotactic radiosurgery 
(SRS) [28]. Similarly, in HER2-positive breast cancer, HER2-targeted agents such as 
trastuzumab deruxtecan have shown promising intracranial response rates, including in patients 
with leptomeningeal involvement [29]. 
 
Immunotherapy, particularly immune checkpoint inhibitors targeting PD-1 and CTLA-4 (e.g., 
nivolumab and ipilimumab), has demonstrated high intracranial response rates and prolonged 
progression-free survival in patients with melanoma and non-small cell lung cancer (NSCLC) 
harboring specific mutations. These outcomes are further enhanced when immunotherapy is 
used in combination with SRS [30]. 
 
Although the efficacy of chemotherapy is generally limited by the presence of the blood–brain 
barrier, it remains a relevant option for chemosensitive tumors such as small cell lung cancer 
[26]. 
 
Radiation therapy remains a cornerstone in the management of brain metastases [31]. Whole-
brain radiation therapy (WBRT) has traditionally been employed in patients with multiple brain 
metastases or leptomeningeal disease. However, WBRT is associated with significant 
neurocognitive decline, affecting up to 50% of patients within six months of treatment [26]. To 
address this, advances such as hippocampal-sparing WBRT and the concurrent use of 
neuroprotective agents like memantine have shown promise in reducing cognitive side effects 
[32]. 
 
Stereotactic radiosurgery (SRS) has emerged as the preferred approach for patients with a 
limited number of metastases, offering high rates of local tumor control and reduced long-term 
neurotoxicity [33]. SRS delivers high-dose, targeted radiation to lesions typically less than 3 cm 
in diameter, and its combination with surgical resection has been shown to improve both 
survival outcomes and local disease control [34]. For larger lesions, fractionated SRS is 
increasingly utilized, providing effective tumor management while minimizing radiation-induced 
toxicity [35]. 
 
Surgical resection plays a pivotal role in the management of brain metastases, particularly in 
patients with a limited number of lesions, large tumors causing significant mass effect, or when 
histopathological diagnosis is required. It is most beneficial for individuals with a single, 
surgically accessible metastasis associated with neurological symptoms or elevated intracranial 
pressure. Tumor removal can provide rapid symptomatic relief from headaches, neurological 
deficits, or seizures resulting from mass effect. 
 
Outcomes are significantly improved when surgical resection is followed by adjuvant 
stereotactic radiosurgery (SRS). Studies have shown that this combined approach results in 
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longer median survival (approximately 15.2 months) and lower local recurrence rates, with only 
20.5% of patients experiencing recurrence at one year. In contrast, surgical intervention is less 
commonly recommended for patients with multiple brain metastases, due to increased 
procedural risk and limited overall survival benefit. 
 
Minimally invasive alternatives, such as laser interstitial thermal therapy (LITT), offer an option 
for patients with deep-seated, inoperable, or recurrent tumors. LITT employs MRI-guided laser 
ablation to thermally destroy tumor tissue and has shown promise in select patient populations 
[36]. 
Supportive care is a critical component of brain metastases management, aiming to improve 
quality of life by alleviating symptoms and minimizing treatment-related side effects. 
Corticosteroids, particularly dexamethasone, are commonly administered to reduce vasogenic 
edema and intracranial pressure in symptomatic patients. Typical starting doses range from 4–
8 mg/day for mild symptoms and up to 16 mg/day for severe presentations. Approximately 
75% of patients experience rapid symptom relief within 24 to 72 hours. However, 
corticosteroids should be tapered as soon as clinically feasible to minimize adverse effects such 
as hyperglycemia, myopathy, and immunosuppression. Importantly, their use is not 
recommended in asymptomatic individuals [16]. 
 
Antiepileptic drugs represent another essential element of supportive care but are reserved for 
patients with a documented history of seizures. There is no evidence supporting prophylactic 
use in seizure-naïve patients, and unnecessary administration may expose individuals to 
avoidable side effects [16]. 
 
Memantine, an N-methyl-D-aspartate (NMDA) receptor antagonist, has demonstrated efficacy 
in preserving cognitive function in patients undergoing whole-brain radiation therapy (WBRT). 
It has been shown to slow declines in processing speed and other cognitive domains, 
contributing to improved neurocognitive outcomes during treatment [37]. 
 
Overall, supportive care strategies must be individualized, taking into account tumor burden 
(number, size, and location of metastases), primary cancer type, and the patient’s general 
performance status. 
 
Future Directions in Research   
Exosomes are a promising area of research in brain metastasis, they represent potential 
applications in both diagnosis and treatment. These nano-sized extracellular vesicles (30–150 
nm), produced by most cells and present in body fluids like blood plasma and urine, are formed 
through the inward budding of endosomal membranes, resulting in intraluminal vesicles (ILVs) 
within multivesicular bodies (MVBs), which are then released as exosomes [38]. 
 
 Once believed to function mainly in cellular waste removal, exosomes are now understood to 
play a key role in intercellular communication, especially in the spread and development of 
cancer [39]. In brain metastasis, exosomes help prepare distant organs for tumor colonization 
by shaping the pre-metastatic niche. Their involvement in tumor signaling makes them valuable 
as potential therapeutic targets, drug delivery vehicles, and biomarkers. Current research is 
exploring how these vesicles can be harnessed to develop innovative and more effective 
treatment strategies for brain metastases [39]. 
 
The brain tumor microenvironment (BrTME) is composed of specialized cells, including 
astrocytes, microglia, and endothelial cells, which interact with metastatic cancer cells to create 
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an immunosuppressive niche that supports tumor growth and survival [40]. Additionally, Tumor 
cells can manipulate microglia and tumor-associated macrophages, reprogramming them to 
suppress effective immune responses and helping cancer cells evade immune surveillance 
within the central nervous system [41]. Emerging research is increasingly focused on disrupting 
these interactions by modulating microglial activation and enhancing T cell infiltration into the 
brain. These strategies aim to weaken the protective environment that allows metastases to 
thrive. Furthermore, immunotherapies such as checkpoint inhibitors are being adapted 
specifically for brain metastases, offering new possibilities to counteract the unique immune 
resistance mechanisms of the BrTME [42].   
 
Genomic and molecular profiling has revealed that brain metastases often possess distinct 
genetic and epigenetic alterations compared to their corresponding primary tumors. These 
include unique mutations, pathway activations, and copy number variations that may contribute 
to brain tropism and therapeutic resistance [43]. Studies that had analyzed matched primary 
and metastatic samples showed that brain metastasis can harbor actionable driver mutations 
absent in the primary tumor or in extracranial metastases, underscoring the importance of site 
specific molecular testing for precision oncology [43]. Liquid biopsy approaches, such as the 
detection of circulating tumor DNA (ctDNA) in cerebrospinal fluid, are expanding the capacity 
to monitor these alterations non-invasively, allowing for real-time insights into tumor evolution 
and treatment response [44]. These molecular insights are accelerating the development of 
brain-penetrant targeted therapies aimed at overcoming resistance mechanisms and addressing 
the unique challenges posed by the blood–brain barrier.  
 
Conclusion 
Brain metastasis remains one of the most challenging diseases in the medical field due to its 
high prevalence, complex biology, and limited therapeutic options. Despite advances in 
imaging, molecular profiling, and targeted therapies, patient outcomes remain poor, 
underscoring the urgent need to investigate the mechanisms driving brain metastasis. The 
interaction between tumor cells and the brain microenvironment, including the blood-brain 
barrier and immune components, plays a critical role in metastatic colonization and treatment 
resistance. Emerging research on exosomes, immune modulation, and genomic alterations 
offers promising avenues for new diagnostic and therapeutic strategies. Looking ahead, the 
integration of multidisciplinary approaches—combining precise molecular characterization, 
innovative systemic therapies, and refined local treatments—will be essential to improving 
personalized care and increasing survival and quality of life for patients with brain metastases, 
especially those who are resistant to treatment. The ongoing exploration of the unique biology 
of brain metastases will ultimately pave the way for more effective and personalized 
interventions in this challenging clinical setting. 
 
References 

1. Nayak L, Lee EQ, Wen PY. Epidemiology of brain metastases. Curr Oncol Rep. 
2012;14(1):48–54. 

2. Achrol AS, Rennert RC, Anders C, Soffietti R, Ahluwalia MS, Nayak L, et al. Brain 
metastases. Nat Rev Dis Primers. 2019 Jan 17;5(1):5.  

3. Sperduto PW, Mesko S, Li J, Cagney D, Aizer A, Lin NU, et al. Survival in Patients With Brain 
Metastases: Summary Report on the Updated Diagnosis‑Specific Graded Prognostic 
Assessment and Definition of the Eligibility Quotient. J Clin Oncol. 2020 Oct 
11;38(32):3773–3784.  

4. Singh R, Stoltzfus KC, Chen H, Louie AV, Lehrer EJ, Horn SR, et al. Epidemiology of 
synchronous brain metastases. JAMA Netw Open. 2020 Feb 5;3(2):e200022.  

https://glintopenaccess.com/Medical/Home


 

   7 Med Pharmacol Open Access 

5. Bustamante E, Casas F, Luque R, Piedra L, Barros-Sevillano S, Chambergo-Michilot D, et 
al. Brain metastasis in triple-negative breast cancer. Breast J. 2024 Sep 
30;2024:8816102. 

6. Bertolini F, Spallanzani A, Fontana A, Depenni R, Luppi G. Brain metastases: an overview. 
CNS Oncol. 2015 Feb;4(1):37–46.  

7. Fox BD, Cheung VJ, Patel AJ, Suki D, Rao G. Epidemiology of metastatic brain tumors. 
Neurosurg Clin N Am. 2011 Jan;22(1):1–6, v.  

8. Gray JJ, Moughon SE, Kortemme T, Schueler‑Furman O, Misura KMS, Morozov AV, et al. 
Protein–protein docking predictions for the CAPRI experiment. Proteins. 2003 
Jul 1;52(1):118–22. 

9. Luissint AC, Artus C, Glacial F, Ganeshamoorthy K, Couraud PO. Tight junctions at the 
blood brain barrier: physiological architecture and disease‑associated dysregulation. 
Fluids Barriers CNS. 2012 Nov 9;9(1):23. 

10. Wilhelm I, Molnár J, Fazakas C, et al. Role of the blood–brain barrier in the formation of 
brain metastases. Int J Mol Sci. 2013 Jan 14;14(1):1383–1411.  

11. Shumakovich MA, Mencio CP, Siglin JS, Moriarty RA, Geller HM, Stroka KM. Astrocytes 
from the brain microenvironment alter migration and morphology of metastatic breast 
cancer cells. FASEB J. 2017 Nov;31(11):5049–5067.  

12. Klein A, Schwartz H, Sagi‑Assif O, Meshel T, Izraely S, Ben Menachem S, et al. Astrocytes 
facilitate melanoma brain metastasis via secretion of IL‑23. J Pathol. 2015 
May;236(1):116–27. 

13. Kerbel RS. Tumor angiogenesis. N Engl J Med. 2008 May 8;358(19):2039–49.  
14. Zou Y, Watters A, Cheng N, Perry CE, Xu K, Alicea GM, et al. Polyunsaturated fatty acids 

from astrocytes activate PPARγ signaling in cancer cells to promote brain metastasis. 
Cancer Discov. 2019 Dec;9(12):1720–1735. 

15. Leibold AT, Monaco GN, Dey M. The role of the immune system in brain metastasis. Curr 
Neurobiol. 2019 Jul;10(2):33–48. 

16. Lin X, DeAngelis LM. Treatment of brain metastases. J Clin Oncol. 2015 Aug 
17;33(30):3475–84. 

17. Jung WS, Park CH, Hong C‑K, Suh SH, Ahn SJ. Diffusion‑weighted imaging of brain 
metastasis from lung cancer: correlation of MRI parameters with the histologic type and 
gene mutation status. AJNR Am J Neuroradiol. 2018 Feb;39(2):273–279.  

18. Kerkhof M, Ganeff I, Wiggenraad RGJ, Lycklama À Nijeholt GJ, Hammer S, Taphoorn 
MJB, et al. Clinical applicability of and changes in perfusion MR imaging in brain 
metastases after stereotactic radiotherapy. J Neurooncol. 2018 May;138(1):133–139.  

19. Horská A, Barker PB. Imaging of brain tumors: MR spectroscopy and metabolic imaging. 
Neuroimaging Clin N Am. 2010 Aug;20(3):293–310.  

20. Chaung Z, Barnett GC, Knox SJ, Fillipi C, Fine HA, Wen PY, et al. Limited brain 
metastases: a narrative review. Ann Palliat Med (NY). 2021 Jun;10(6):5850–5866.  

21. Sperduto PW, Berkey B, Gaspar LE, Mehta M, Curran W. A new prognostic index and 
comparison to three other indices for patients with brain metastases: an analysis of 
1,960 patients in the RTOG database. Int J Radiat Oncol Biol Phys. 2008 Feb 
1;70(2):510–514.  

22. Gaspar L, Scott C, Rotman M, Asbell S, Phillips T, Wasserman T, McKenna WG, Byhardt 
R. Recursive partitioning analysis (RPA) of prognostic factors in three Radiation Therapy 
Oncology Group (RTOG) brain metastases trials. Int J Radiat Oncol Biol Phys. 1997 
Mar 1;37(4):745–51. 

23. Gupta S, Singh S, Chophy A, Nair S, Ahuja R, Kusum K, et al. Analysis of prognostic 
factors in patients with brain metastases affecting survival. J Egypt Natl Canc Inst. 2022 
Nov;34(1):45. doi:10.1186/s43046-022-00146-z.  

https://glintopenaccess.com/Medical/Home


 

   8 Med Pharmacol Open Access 

24. Gaspar LE, Scott C, Murray K, Curran W. Validation of the RTOG recursive partitioning 
analysis (RPA) classification for brain metastases. Int J Radiat Oncol Biol Phys. 2000 Jul 
1;47(4):1001–6. 

25. Bipath P, Stopforth LW, Naicker S, Govender P, Sibanda W, Walker L. Establishing the 
utility of Recursive Partitioning Analysis for patients with intra‑cranial metastases 
managed in a KwaZulu‑Natal state sector Oncology unit. S Afr J Oncol. 2021 Nov 
23;5(0):a175. 

26. Brenner AW, Patel AJ. Review of current principles of the diagnosis and management of 
brain metastases. Front Oncol. 2022 May 24;12:857622.  

27. Vogelbaum MA, Brown PD, Messersmith H, Brastianos PK, Burri S, Cahill D, et al. 
Treatment for brain metastases: ASCO‑SNO‑ASTRO guideline. J Clin Oncol. 2022 
Feb 10;40(5):492–516. 

28. Rubino S, Oliver DE, Tran ND, Vogelbaum MA, Forsyth PA, Yu HM, et al. Improving brain 
metastases outcomes through therapeutic synergy between stereotactic radiosurgery 
and targeted cancer therapies. Front Oncol. 2022;12:854402.  

29. Bailleux C, Eberst L, Bachelot T. Treatment strategies for breast cancer brain metastases. 
Br J Cancer. 2021 Jan;124(1):142–155. 

30. Fecci PE, Champion CD, Hoj J, McKernan CM, Goodwin CR, Kirkpatrick JP, et al. The 
evolving modern management of brain metastasis. Clin Cancer Res. 2019 
Nov 15;25(22):6570–6580. 

31. Owonikoko TK, Arbiser J, Zelnak A, Shu HK, Shim H, Robin AM, et al. Current approaches 
to the treatment of metastatic brain tumours. Nat Rev Clin Oncol. 2014 Apr;11(4):203–
22. 

32. Badiyan SN, Regine WF, Mehta M. Stereotactic radiosurgery for treatment of brain 
metastases. J Oncol Pract. 2016 Aug;12(8):703–12.  

33. Oliveira FD, Macedo‑Pereira A, Lima J, Sarmento B. Exosomes and brain metastases: a 
review on their role and potential applications. Int J Mol Sci. 2022 Oct 29;22(19):10899.  

34. Ene CI, Ferguson SD. Surgical management of brain metastasis: challenges and 
nuances. Front Oncol. 2022 Mar 14;12:847110. 

35. Sarmey N, Kaisman‑Elbaz T, Mohammadi AM. Management strategies for large brain 
metastases. Front Oncol. 2022 Feb 18;12:827304. 

36. Salehi A, Kamath AA, Leuthardt EC, Kim AH. Management of intracranial metastatic 
disease with laser interstitial thermal therapy. Front Oncol. 2018 Oct 31;8:499. 

37. Rappaport J, Malka J, Khatib A, Amir M, Ganor O, Shir A, et al. Management of melanoma 
brain metastases in the era of immunotherapy and targeted therapy. Melanoma Res. 
2019 Dec;29(6):614–622. 

38. Ye L, Wu Y, Zhou J, et al. Influence of exosomes on astrocytes in the pre-metastatic 
niche of lung cancer brain metastases. Biol Proced Online. 2023 Mar;25:5. 

39. Oliveira FD, Castanho MARB, Neves V, et al. Exosomes and brain metastases: a review 
on their role and potential applications. Int J Mol Sci. 2021 Oct 8;22(19):10899. 

40. Zhou T, Yan Y, Lin M, Zeng C, Mao X, Zhu Y, Han J, Li D-D, Zhang J. Astrocyte 
involvement in brain metastasis: from biological mechanisms to therapeutic strategies. 
Cancer Metastasis Rev. 2025 Jul 15;44(3):60.  

41. Li S, Shen Y, Dong C, Yin S, Zhou D, Zhou A. The molecular and immune 
microenvironmental landscape of brain metastases: implications for novel treatment 
options. Preprint. 2023 Jun 20. 

42. Strickland MR, Alvarez-Breckenridge C, Gainor JF, Brastianos PK. Tumor immune 
microenvironment of brain metastases: toward unlocking antitumor immunity. Cancer 
Discovery. 2022 May 2;12(5):1199–1216.  

https://glintopenaccess.com/Medical/Home


 

   9 Med Pharmacol Open Access 

43. Neagu MR, Gill CM, Batchelor TT, Brastianos PK. Genomic profiling of brain metastases: 
current knowledge and new frontiers. Chin Clin Oncol. 2015 Jun 25;4(2). 

44. Han CH, Brastianos PK. Genetic characterization of brain metastases in the era of 
targeted therapy. Front Oncol. 2017 Sep 25;7:230. 

 
 
 
 
 
 
 

https://glintopenaccess.com/Medical/Home

