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Brain metastasis (BM) from renal cell carcinoma (RCC) represent a significant clinical challenge,
associated with high morbidity and poor prognosis. The advent of targeted therapies and immune
checkpoint inhibitors (ICIs) has transformed the management of metastatic RCC (mRCC), yet
patients with brain metastasis remain underrepresented in clinical trials, and optimal management
strategies are still evolving. The findings indicated that brain metastasis occur in approximately
5-15% of patients with mRCC, with clear cell histology and the presence of extracranial metastases
as key risk factors. The pathophysiology involves complex molecular mechanisms, including
hematogenous dissemination and genetic alterations. Clinical presentation is often symptomatic,
with headaches, focal deficits, and seizures, but a substantial proportion of cases are detected
incidentally. Magnetic resonance imaging (MRI) remains the gold standard for diagnosis, though
screening is typically reserved for symptomatic or high-risk patients. Treatment is multimodal:
surgery and stereotactic radiosurgery (SRS) are mainstays for local control, while systemic therapies,
particularly cabozantinib and ICI-based regimens, have shown promising intracranial activity.
Prognosis remains guarded, with median survival after BM diagnosis ranging from 10 to 18 months,
but outcomes have improved in the ICI era. In conclusion, the management of RCC brain metastases
requires a multidisciplinary, individualized approach. Advances in systemic and local therapies have
improved survival, but significant challenges remain, including the risk of intracranial hemorrhage
and the need for better screening and surveillance strategies. Ongoing research into molecular
mechanisms and novel therapeutics holds promise for further progress in this high-risk population.

Implication for health policy/practicelresearch/medical education:

Brain metastasis (BM) from renal cell carcinoma (RCC) remain a challenging complication marked by high morbidity and historically limited
survival, though outcomes have improved with advances in surgery, radiotherapy, and modern systemic therapies such as cabozantinib and
immune checkpoint inhibitors (ICIs). Optimal care relies on early detection, timely local treatment for symptomatic or limited disease, and
thoughtful integration of effective systemic agents. Important gaps persist, including the need for improved surveillance, better management
of complications like intracranial hemorrhage, and greater inclusion of these patients in clinical trials.
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Introduction

Renal cell carcinoma (RCC) is the most common primary
malignancy of the kidney, accounting for approximately
3-5% of all adult cancers (1-3). The global incidence of
RCC has been rising, with over 80,000 new cases and more
than 14,000 deaths estimated in the United States in 2024
alone (1,4). While localized RCC is often curable with
surgical resection, most patients present with or eventually
develop metastatic disease (mRCC) (1,5,6). Among the

various sites of RCC metastasis, the brain is particularly
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ominous, conferringsignificantmorbidityand ahistorically
poor prognosis (7). Brain metastasis (BM) from RCC
occur in approximately 5%—25% of patients with mRCC,
though the true incidence may be underestimated due to
limited screening of asymptomatic individuals (8,9). The
clinical management of RCC-BM is complicated by the
tumor’s relative resistance to conventional radiotherapy,
the blood-brain barrier’s limitation on drug delivery, and
the high risk of intracranial hemorrhage (10,11). The
therapeutic landscape has evolved dramatically in the
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past two decades, with the introduction of tyrosine kinase
inhibitors (TKIs) and immune checkpoint inhibitors
(ICIs) improving systemic disease control and, by
extension, survival outcomes for many patients; however,
patients with BM are often excluded from pivotal clinical
trials, resulting in a paucity of high-level evidence to
guide management in this subgroup (12). This narrative
review aims to provide a comprehensive synthesis of
current knowledge on RCC brain metastases, including
epidemiology, pathophysiology, clinical presentation,
diagnostic strategies, treatment modalities, prognosis, and
emerging therapies.

Search strategy

A comprehensive literature search was performed across
major scientific databases, including PubMed, Scopus, Web
of Science, the Cochrane Library, and the Google Scholar
search engine, to identify peer-reviewed English-language
studies published up to January 2026 that addressed
brain metastases arising from RCC. The search strategy
incorporated the terms (“renal cell carcinoma” OR
“kidney cancer” OR “RCC”) AND (“brain metastases”
OR “cerebral metastases” OR “intracranial metastases”),
with filters applied for English-language publications,
human studies, and article types such as reviews, clinical
trials, observational studies, case series, meta-analyses,
and clinical guidelines. No lower date limit was imposed,
while the upper limit was set at January 31, 2026.
Reference lists of key articles were manually screened
to identify additional relevant studies, and retracted or
non—peer-reviewed materials were excluded to ensure the
reliability of the evidence base.

Epidemiology

The incidence of brain metastases in RCC varies across
studies, reflecting differences in patient populations,
diagnostic practices, and definitions of synchronous
versus metachronous metastases. Large population-
based analyses and institutional cohorts estimate that
BM develops in approximately 5-25% of patients
with mRCC (8,9). In a recent analysis of the TriNetX
Oncology database, among 14,650 patients with RCC,
730 (5.0%) developed BM, with the majority (65.8%)
presenting metachronously (i.e., more than two months
after RCC diagnosis) (9). Other studies report higher
rates, particularly in cohorts enriched for advanced disease
or with systematic brain imaging, with incidences up to
28.4% (12). Clear cell RCC (ccRCC) is the predominant
histologic subtype associated with BM, accounting for
over 75% of cases (1). Non-clear cell subtypes, such as
papillary and chromophobe RCC, have a lower propensity
for brain involvement (3% and 2%, respectively). Risk
factors for BM include younger age, larger primary
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tumor size, sarcomatoid differentiation, lymph node
involvement, and the presence of lung or bone metastases
(12,13). The timing of BM development is clinically
relevant. Synchronous BM (diagnosed within two months
of RCC diagnosis) is less common but portends a worse
prognosis compared to metachronous BM; however,
survival after BM diagnosis does not significantly differ
between synchronous and metachronous cases once BM
are established (9). Advances in systemic therapies have
extended the survival of mRCC patients, potentially
increasing the cumulative incidence of BM as patients
live longer (12). This trend underscores the importance of
vigilant surveillance and tailored management strategies

for this high-risk population.

Pathophysiology

The metastatic cascade leading to RCC brain involvement
is multifactorial, involving tumor-intrinsic properties,
host microenvironment, and molecular alterations.
Hematogenous dissemination is the primary route, with
tumor cells entering the venous circulation, traversing
the pulmonary capillary bed, and ultimately seeding the
cerebral vasculature. The “cava-type” pathway, involving
the inferior vena cava and right heart, is implicated in
up to 75% of cases (1). At the molecular level, several
genetic and epigenetic alterations drive RCC metastasis.
In ccRCC, loss of chromosome 3p and mutations in
the von Hippel-Lindau (VHL) tumor suppressor gene
are foundational events, leading to dysregulation of
hypoxia-inducible factors (HIFs) and promotion of
angiogenesis (1,14). Additional mutations in PBRM1,
BAP1, SETD2, and genes involved in the PI3K/AKT/
mTOR pathway further contribute to tumor progression
and metastatic potential. In papillary RCC, MET gene
alterations are prominent, while chromophobe RCC is
characterized by distinct chromosomal losses (1). The
brain microenvironment poses unique challenges for
metastatic colonization. The blood-brain barrier restricts
the entry of many systemic agents and immune cells,
while the brain’s rich vascular network and unique stromal
components may facilitate tumor cell survival and growth
(1,15). RCC-BM are often highly vascular, predisposing
to intratumoral hemorrhage and peritumoral edema
(10). Emerging evidence highlights the role of tumor
microenvironment, immune modulation, and metabolic
reprogramming in facilitating BM. Tumor-associated
macrophages, hypoxic conditions, and altered angiogenic
signaling contribute to the establishment and progression
of BM (1). Understanding these mechanisms is critical for
the development of targeted therapies and biomarkers.

Clinical presentation
Clinical presentation of RCC brain metastases is highly
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variable, influenced by the size, number, and location
of metastatic lesions as well as the extent of associated
edema or hemorrhage, but most patients develop
neurologic symptoms (16). Headache and seizure are
common, reported in most cases, typically resulting
from increased intracranial pressure or mass effect
(17,8). Many individuals experience focal neurologic
deficits, including focal weakness or paralysis, aphasia,
or sensory disturbances (18). A significant proportion
of BM are detected incidentally during imaging for
other indications, particularly in the era of improved
systemic disease control and increased use of brain MRI
(magnetic resonance imaging). In a multicenter cohort,
a few of the mRCC patients screened for clinical trial
eligibility were found to have asymptomatic BM. Notably,
patients with asymptomatic BM detected on screening
had better survival outcomes than those diagnosed after
symptom onset (12). Intracranial hemorrhage is a notable
complication that may present acutely with headache,
neurologic deterioration, or even sudden death; the risk is
heightened in patients receiving anticoagulation or anti-
angiogenic therapies (10).

Diagnosis

Imaging modalities

Using MRI with contrast is the gold standard for
detecting and characterizing brain metastases, offering
superior sensitivity and specificity compared to computed
tomography (CT). MRl is particularly adept at identifying
small, multifocal, or posterior fossa lesions, as well as
distinguishing BM from other intracranial pathologies.
The CT scan may be used in emergent settings or when
MRI s contraindicated, but its sensitivity for small or non-
hemorrhagic lesions is limited (19,20). Advanced imaging
techniques, such as diffusion-weighted imaging (DWI),
perfusion MRI, and positron emission tomography
(PET), may provide additional information regarding
lesion biology and treatment response (1).

Screening and surveillance

Current guidelines, including those from the National
Comprehensive Cancer Network (NCCN) and European
Association of Urology (EAU), recommend brain imaging
for RCC patients only if neurologic symptoms are present
or if clinically indicated by high-risk features (e.g., multiple
extracranial metastases, clear cell histology, or lung
involvement) (21). Routine screening of asymptomatic
patients is not universally endorsed, though emerging
evidence suggests that early detection via screening MRI
may improve outcomes; in a recent cohort study, patients
with BM detected on screening MRI had significantly
smaller lesions and longer overall survival compared to
those diagnosed after symptom onset (median overall
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survival [OS] 86.7 versus 27.9 months) (12). These
findings support consideration of screening in selected
high-risk populations, though the optimal frequency and
cost-effectiveness remain to be determined.

Emerging diagnostic tools

Liquid biopsy approaches, including circulating tumor
DNA (ctDNA), circulating tumor cells, and exosomal
biomarkers, are under investigation for their potential
to detect and monitor BM non-invasively (1). While
promising, these techniques are not yet standard of care.

Treatment modalities
Surgery

e Indications and outcomes: Surgical resection
is generally reserved for patients with a limited
number of accessible BM, particularly those
causing significant mass effect, hemorrhage,
or neurologic symptoms (22). Gross total
resection can provide rapid symptom relief,
reduce intracranial pressure, and facilitate
histopathologic diagnosis. In selected patients,
surgery is associated with improved local control
and survival, especially when combined with
adjuvant radiotherapy (23).

e Fvidence: In a multi-institutional series,
neurosurgical resection was performed in 23
of 24 patients with RCC-BM, resulting in
improved Karnofsky Performance Status (KPS)
in 62.5% of cases and prolonged survival in
those with single BM, prior nephrectomy, or
systemic therapy (24). A retrospective cohort
demonstrated that the addition of surgery to
radiotherapy and systemic therapy conferred a
median OS of 21.7 months, compared to 12.3
months with radiotherapy plus systemic therapy
and 2.0 months with systemic therapy alone (20-
22).

e Complications: Surgical risks include
infection, hemorrhage, neurologic deficits, and
perioperative morbidity. Intracranial hemorrhage
is a particular concern in RCC-BM due to its

hypervascularity ~ (10).

Radiotherapy

e Principles: Stereotactic radiosurgery  (SRS)
delivers high-dose, focused radiation to discrete
intracranial targets, sparing surrounding normal
tissue. It is the preferred modality for patients
with a limited number (typically <4) of small-
to-moderate-sized BM, including those not
amenable to surgery (23).
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e  Efficacy: SRS achieves local control rates of 75—
97% in RCC BM, despite the tumor’s relative
radioresistance to conventional fractionated
radiotherapy (23). In a cohort of 43 patients
treated with single-fraction gamma knife
radiosurgery (sf~GKRS), 12- and 18-month local
control rates were 97% and 90%, respectively,
with a median OS of 15.7 months (25).

e Combination with systemic therapy: The
integration of SRS with TKIs or ICIs may
enhance efficacy via synergistic mechanisms,
though the optimal sequencing and safety profile
are under investigation (23).

e Toxicity: Adverse radiation effects (ARE),
including radionecrosis and peritumoral edema,
occur in up to 42% of patients but are seldom
symptomatic. Risk factors include larger tumor
volume, high radiation dose, and pre-existing
edema. The use of corticosteroids and low serum
albumin is associated with worse outcomes (25).

e  Whole-brain radiotherapy (WBRT): WBRT
is generally reserved for patients with multiple
(>4) or diffuse BM not amenable to focal
therapies, or as salvage therapy for widespread
intracranial progression; its use has declined due
to neurocognitive toxicity and the superior local
control achieved with SRS. Median OS with
WBRT alone is typically 3-7 months (23).

Systemic therapy

e Agents and mechanisms: TKIs targeting vascular
endothelial growth factor receptor (VEGFR)
(e.g., sunitinib, sorafenib, pazopanib, axitinib,
cabozantinib) have revolutionized mRCC
management. Their efficacy in BM is influenced
by BBB penetration and tumor biology (26).

e Efficacy: Early-generation TKIs (sunitinib,
sorafenib) demonstrated limited intracranial
activity, with low objective response rates and
short progression-free survival in BM cohorts. In
contrast, cabozantinib, a multi-kinase inhibitor
targeting VEGFR, MET, and AXL, has shown
robust intracranial responses. In a multicenter
retrospective study of 88 patients with RCC BM,
cabozantinib achieved intracranial response rates
of 47-55% and a median OS of 15-16 months,
with an acceptable safety profile (27).

e Combination with radiotherapy: TKIs may
potentiate the effects of SRS, improving local
control and survival without significantly
increasing toxicity (23). However, concurrent
use may elevate the risk of radiation necrosis,

particularly with VEGFR inhibitors (25).
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e mTOR Inhibitors: Agents such as everolimus
and temsirolimus have demonstrated safety
in patients with RCC BM, particularly those
previously treated with anti-angiogenic therapies
or radiotherapy. Their intracranial efficacy is
modest, and they are typically reserved for later-
line therapy (26).

e Agents and rationale: ICls targeting PD-1
(nivolumab, pembrolizumab), PD-L1 (avelumab,
atezolizumab), and CTLA-4 (ipilimumab) have
become the standard of care in mRCC. Their
activity in BM is supported by the immunogenic
microenvironment of RCC and the presence of
tumor-infiltrating lymphocytes (12).

e Combination strategies: The combination
of ICIs with TKIs (e.g., nivolumab plus
cabozantinib) has demonstrated improved
systemic and intracranial outcomes in mRCC,

though dedicated BM cohorts are limited (12).

Prognosis

Brain metastases from RCC are associated with a poor
prognosis, though outcomes have improved in the era
of targeted and immune therapies. Median OS after
BM diagnosis ranges from 10 to 18 months, with 1-year
survival rates of 40-60% (9,28). Prognostic factors
influencing survival include:

Performance status (KPS/ECOG): The most robust
predictor; KPS <80 is associated with worse outcomes
(23).

Number of BM: Solitary or oligometastatic disease confers
a better prognosis than multiple BM (12).

Extracranial disease burden: Absence of extracranial
metastases is favorable, though its independent prognostic
value is debated (25).

Timing of brain metastasis: Synchronous BM at RCC
diagnosis portends poorer survival than metachronous
BM, though survival after BM diagnosis is similar (9).
Treatment modality: Aggressive local therapy (surgery/
SRS) and receipt of systemic therapy (especially ICIs or
cabozantinib) are associated with improved survival (29).
Notably, patients with BM detected on screening MRI
have significantly better outcomes than those diagnosed
after symptom onset, highlighting the potential benefit of
carly detection (12). Intracranial hemorrhage remains a
significant cause of morbidity and mortality, with a 1-year
cumulative incidence of 15-35% in RCC BM patients,
particularly those receiving anticoagulation or anti-
angiogenic therapy (10).

Conclusion

Brain metastases from RCC represent a formidable
clinical challenge, associated with significant morbidity
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and historically poor prognosis. Advances in surgical,
radiotherapeutic, and systemic therapies, particularly the
advent of cabozantinib and ICIs—have improved survival
and quality of life for many patients. Early detection,
aggressive local therapy for symptomatic or oligometastatic
disease, and integration of effective systemic agents
are key components of optimal management. Despite
progress, substantial gaps remain, including the need for
better screening and surveillance strategies, management
of complications such as intracranial hemorrhage, and
inclusion of BM patients in clinical trials. Ongoing research
into the molecular mechanisms of metastasis, novel
therapeutics, and personalized approaches holds promise
for further advances. Multidisciplinary collaboration and
individualized care remain the cornerstones of effective
management for RCC patients with brain metastases.

Authors’ contribution

Conceptualization: Farzaneh Futuhi and Zahra Sahraei.
Data curation: Nayyereh Akbari and Zahra Sahraei.
Investigation: Farzanch Futuhi and Nayyereh Akbari.
Supervision: All authors.

Validation: Nayyereh Akbari.

Visualization: Zahra Sahraei.

Weriting—original draft: All authors.

Writing—review and editing: All authors.

Conflicts of interest
The authors declare that they have no competing interests.

Declaration of generative Al and Al-assisted technologies
in the writing process

During the preparation of this work, the authors utilized
Grammarly and Copilot to refine grammar points and
language style in writing. Subsequently, the authors
thoroughly reviewed and edited the content as necessary,
assuming full responsibility for the accuracy and content
of the publication.

Ethical issues

Ethical issues (including plagiarism, data fabrication, and
double publication) have been completely observed by the
authors.

Funding/Support

None.

References

1. Li X, Xiong W, Xiong Z, Zhang X. Molecular mechanisms
of renal cell carcinoma metastasis and potential targets
for therapy. Front Cell Dev Biol. 2025;13:1521151. doi:
10.3389/fcell.2025.1521151.

2. Snyder E, Taftii D, Zhao JM, Walker K, Schwope RB.

https:/ /nephropathol.com

10.

11.

12.

13.

14.

15.

Kidney cancer metastasis

Bilateral ovarian metastasis of clear-cell renal cell carcinoma:
A case report. Clin Imaging. 2021;69:91-3. doi: 10.1016/j.
clinimag.2020.06.042.

Huang Y, Wu Y, Zeng L, Shan W, Huang L. The tumor
suppressor role of microRNA-338-3p in renal cell carcinoma.
Oncol Lett. 2018;16:2195-200. doi: 10.3892/01.2018.8914.
Singla A, Sharma U, Makkar A, Masood PE, Goel HK,
Sood R, et al. Rare metastatic sites of renal cell carcinoma:
a case series. Pan Afr Med J. 2022;42:26. doi: 10.11604/
pam;j.2022.42.26.33578.

Chang AJ, Zhao L, Zhu Z, Boulanger K, Xiao H, Wakefield
MR, et al. The Past, Present and Future of Immunotherapy
for Metastatic Renal Cell Carcinoma. Anticancer Res.
2019;39:2683—7. doi: 10.21873/anticanres.13393.
Zhang H, Zhu G. Predictive Biomarkers and Novel Targets
in the Treatment of Metastatic Renal Cell Carcinoma. Curr
Med Chem. 2021;28:5213-27. doi: 10.2174/09298673286
66201223124813.

Gulati S, Barata PC, Elliotr A, Bilen MA, Burgess EE
Choueiri TK, et al. Molecular analysis of primary and
metastatic sites in patients with renal cell carcinoma. J Clin
Invest. 2024;134:¢176230. doi: 10.1172/jcil76230.
Parmar A, Ghosh S, Sahgal A, Lalani AA, Hansen AR,
Reaume MN, et al. Evaluating the impact of early
identification of asymptomatic brain metastases in metastatic
renal cell carcinoma. Cancer Rep (Hoboken). 2023;6:¢1763.
doi:  10.1002/cnr2.1763.

Patker M, Arbuiso A, Jiang K, Mukherjee D, Kamson
DO, Redmond K]J, et al. Brain metastases from renal cell
carcinoma: a large retrospective claims-based oncology cohort
analysis of prevalence, chronicity, and survival outcomes.
Neuro-Oncology Advances. 2025;7:ii17-ii. doi: 10.1093/
noajnl/vdaf123.062.

Hamulydk EN, Yust-Katz S, Leader A. Management of
anticoagulation in patients with brain metastasis. Hematology
Am Soc Hematol Educ Program. 2024;2024:246-52. doi:
10.1182/hematology.2024000660.

Riihle A, Andratschke N, Siva S, Guckenberger M. Is there a
role for stereotactic radiotherapy in the treatment of renal cell
carcinoma? Clin Transl Radiat Oncol. 2019;18:104—12. doi:
10.1016/j.ctr0.2019.04.012.

Savion-Gaiger N, Considine B, Hasson N, Nelson M, Chiang
V, Kluger HM, et al. Survival of patients with metastatic renal
cell carcinoma with or without brain metastases. Oncologist.
2025;30:0yaf387.doi: 10.1093/oncolo/oyaf387.

Guo Q, Zhang C, Guo X, Tao E Xu Y, Feng G, et al.
Incidence of bone metastasis and factors contributing to its
development and prognosis in newly diagnosed renal cell
carcinoma: a population-based study. Cancer Manag Res.
2018;10:2935-44. doi: 10.2147/cmar.S170083.

Liao C, Hu L, Zhang Q. Von Hippel-Lindau protein
signalling in clear cell renal cell carcinoma. Nat Rev Urol.
2024;21:662-75.  doi:  10.1038/s41585-024-00876-w.
Schulz M, Salamero-Boix A, Niesel K, Alekseeva T, Sevenich
L. Microenvironmental Regulation of Tumor Progression and
Therapeutic Response in Brain Metastasis. Front Immunol.
2019;10:1713. doi: 10.3389/fimmu.2019.01713.

Journal of Nephropathology, Vol x, No x, xx 2026 5


https://nephropathol.com
https://grammarly.com/
https://copilot.microsoft.com/

Futuhi F et al

16.

17.

18.

19.

20.

21.

22.

23.

Sato Y, Kawasaki Y, Satake Y, Shimoda Y, Katayama H,
Sato T, et al. Contemplation of the Effect of Nivolumab
Plus Cabosantinib Therapy on Cerebral Hemorrhage in
Patients with Brain Metastasis of Renal Cell Carcinoma:
A Case Report. Case Rep Oncol. 2023;16:1573-8. doi:
10.1159/000533785.

Iwasa K, Nakazawa S, Kato T, Hatano K, Kawashima
A, Fukuhara S, et al. Fatal tumoral hemorrhage from
brain metastases of renal cell carcinoma after stereotactic
radiotherapy and immune checkpoint inhibitor and vascular
endothelial growth factor-targeted therapy combinations.
JU Case Rep. 2024;7:225-9. doi: 10.1002/iju5.12708.
Moroney MR, Wheeler L], Corr BR. Clinical presentation
of brain metastases from endometrial carcinoma: A case
series. Gynecol Oncol Rep. 2019;28:79-83. doi: 10.1016/j.
gore.2019.03.004.

Pope WB. Brain metastases: neuroimaging. Handb Clin
Neurol. 2018;149:89-112. doi: 10.1016/b978-0-12-
811161-1.00007-4.

Hjorthaug K, Hgjbjerg JA, Knap MM, Tietze A, Haraldsen
A, Zacho HD, et al. Accuracy of 18F-FDG PET-CT in
triaging lung cancer patients with suspected brain metastases
for MRI. Nucl Med Commun. 2015;36:1084-90. doi:
10.1097/mnm.0000000000000371.

Bex A, Ghanem YA, Albiges L, Bonn S, Campi R, Capitanio
U, et al. European Association of Urology Guidelines
on Renal Cell Carcinoma: The 2025 Update. Eur Urol.
2025;87:683-96. doi: 10.1016/j.eururo.2025.02.020.
Huntoon K, Damante M, Wang ], Olencki T, Elder JB.
Survival benefit with resection of brain metastases from renal
cell carcinoma in the setting of molecular targeted therapy
and/orimmune therapy. Curr Probl Cancer. 2022;46:100805.
doi: 10.1016/j.currproblcancer.2021.100805.

Maria B, Antonella V, Michela R, Silvana G, Anita S,

24.

25.

26.

27.

28.

29.

Anna Maria A, et al. Multimodality treatment of brain
metastases from renal cell carcinoma in the era of targeted
therapy. Ther Adv Med Oncol. 2016;8:450-9. doi:
10.1177/1758834016659825.

Semenescu LE, Tataranu LG, Dricu A, Ciubotaru GV,
Radoi MP, Rodriguez SMB, et al. A Neurosurgical
perspective on brain metastases from renal cell carcinoma:
multi-institutional, retrospective analysis. Biomedicines.
2023;11:2485.  doi:  10.3390/biomedicines11092485.
Stenman M, Benmakhlouf H, Wersill B Johnstone B
Hatiboglu MA, Mayer-da-Silva J, et al. Metastatic renal
cell carcinoma to the brain: optimizing patient selection
for gamma knife radiosurgery. Acta Neurochir (Wien).
2021;163:333-42. doi:  10.1007/s00701-020-04537-w.
Michaelis J, Grabbert M, Sigle A, Yilmaz M, Schlager
D, Gratzke C, et al. Tyrosine Kinase Inhibitors in the
Treatment of Metastasised Renal Cell Carcinoma-Future
or the Past? Cancers (Basel). 2022;14:3777. doi: 10.3390/
cancers14153777.

Hirsch L, Martinez Chanza N, Farah S, Xie W, Flippot R,
Braun DA, et al. Clinical Activity and Safety of Cabozantinib
for Brain Metastases in Patients With Renal Cell
Carcinoma. JAMA Oncol. 2021;7:1815-23. doi: 10.1001/
jamaoncol.2021.4544.

Du Y, Pahernik S, Hadaschik B, Teber D, Duensing S,
Jager D, et al. Impact of resection and systemic therapy on
the survival of patients with brain metastasis of metastatic
renal cell carcinoma. ] Neurooncol. 2016;130:221-8. doi:
10.1007/s11060-016-2238-2.

Brown LC, Desai K, Wei W, Kinsey EN, Kao C, George DJ,
et al. Clinical outcomes in patients with metastatic renal cell
carcinoma and brain metastasis treated with ipilimumab and
nivolumab. J Immunother Cancer. 2021;9:e003281. doi:
10.1136/jitc-2021-003281.

Copyright © 2026 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Nephropathology, Vol x, No x, xx 2026

https:/ /nephropathol.com


https://nephropathol.com
https://creativecommons.org/licenses/by/4.0/

