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Patients with malignant tumors face an elevated risk of cerebrovascular complications, such as intratu-
moral hemorrhage, tumor invasion into arterial and venous sinuses, leptomeningeal infiltration, and
tumor embolism. This review examines the significant role and implications of cisplatin and radiation
therapy in the development of these cerebrovascular complications, which can occur at various stages:
before, during, or long after the completion of cancer treatment. Detailed clinical case studies of CNS
involvement during oncological therapy are presented to illustrate these complications. The mechanisms
by which cisplatin and radiation therapy contribute to cerebrovascular disorders are multifaceted.
Cisplatin, a widely used chemotherapeutic agent, is associated with endothelial damage and thromboem-
bolic events, while radiation therapy can cause vascular injury, leading to long-term changes in cerebral
vasculature. These treatments, though effective in managing malignancies, pose significant risks to cere-
brovascular health. The review underscores the diverse types and mechanisms of stroke encountered in
cancer patients, influenced by tumor stage and pathological characteristics. These include ischemic
stroke, hemorrhagic stroke, and transient ischemic attacks, each requiring specific diagnostic and thera-
peutic strategies. The interaction between cancer pathology and cerebrovascular health necessitates a
multidisciplinary approach, integrating oncology, neurology, radiology, and vascular surgery. Such an
approach is crucial for effective management and prognosis evaluation in this patient population. Early
recognition and intervention are paramount to mitigating risks and improving outcomes. By understand-
ing these complex interactions, healthcare providers can better anticipate and manage cerebrovascular
risks in patients undergoing cancer treatment. This comprehensive understanding helps in formulating
personalized treatment plans, optimizing both oncological and neurological care, and ultimately enhanc-
ing patient quality of life and survival rates.
� 2024 International Hemorrhagic Stroke Association. Publishing services by Elsevier B.V. on behalf of
KeAi Communications Co. Ltd. This is an open access article under the CC BY license (http://creativecom-
mons.org/licenses/by/4.0/).
1. Introduction

Currently, there is a widespread increase in the number of indi-
viduals with malignant neoplasms (MN). The presence of oncolog-
ical diseases increases the risk of developing cerebrovascular
complications, which in turn significantly worsens the overall
prognosis.1–2 Approximately 15 % of MN patients have concomi-
tant cardiovascular diseases.1 This co-occurrence further compli-
cates their medical condition and treatment outcomes. In 1985,
F. Graus and colleagues3 demonstrated that the most common
CNS manifestations in patients with MN are metastasis and cere-
bral infarction. Metastatic brain lesions represent a severe compli-
cation during MN, occurring in approximately 50 % of cancer
patients. These metastases can significantly impact neurological
function and overall patient survival. CNS metastases are most
observed in patients with lung, breast, kidney, and colorectal
cancers, as well as melanoma.4 These cancers tend to metastasize
to the brain more frequently than other types. The peak incidence
of metastasis occurs in the age group of 55–65 years.
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Approximately 80 % of intracranial metastases are in the brain
hemispheres, 15–17 % in the cerebellum, and 3–5 % in the basal
ganglia and brainstem.4 This distribution reflects the pathways of
metastatic spread and the affinity of certain cancer types for speci-
fic brain regions. Previous studies have documented the occurrence
of both ischemic (IS) and hemorrhagic strokes in patients with
MN.5–6 These cerebrovascular events further complicate the clini-
cal management of cancer patients, often leading to worse out-
comes. In a study by T. Kitano and colleagues, the impact of
chemotherapy on the risk of stroke in MN patients was analyzed.7

The authors screened 27,932 patients from the Osaka University
Hospital Cancer Registry between 2007 and 2015.7 Medical records
of 19,006 patients were reviewed to identify the incidence of
stroke and its association with chemotherapy. The association
between chemotherapy and stroke was analyzed using the
Kaplan-Meier method and the Cox regression model.7 Out of
19,006 patients, 5,887 (31 %) received chemotherapy. Stroke
occurred in 44 (0.75 %) patients in the chemotherapy group,
whereas the incidence was 51 (0.39 %) in the MN patients without
chemotherapy. Kaplan-Meier analysis revealed that patients who
received chemotherapy had a higher risk of stroke than those
who did not receive chemotherapy, with a hazard ratio of 1.84
(95 % confidence interval (CI), 1.23–2.75). This finding indicates a
statistically significant increase in stroke risk associated with
chemotherapy. According to the researchers, the increased risk of
stroke in cancer patients receiving chemotherapy was presumably
due to the late stage of MN, rather than the chemotherapy itself
being a direct cause of increased stroke risk.7 It is suggested that
the risk of stroke correlates with the aggressiveness of the tumors
and their advanced stage at diagnosis. The highest risk of stroke is
registered among patients with lung, pancreatic, and colorectal
cancers, which are often diagnosed at advanced stages and tend
to be more aggressive. These cancers are associated with a higher
burden of systemic disease, including factors that contribute to
cerebrovascular complications. Understanding the interplay
between malignant neoplasms, their treatment, and cerebrovascu-
lar risks is crucial for improving patient outcomes. This knowledge
enables healthcare providers to implement more effective moni-
toring and preventive strategies, thereby enhancing the overall
management of patients with MN.
2. Chemotherapy-induced cerebrovascular disorder and
potential mechanisms

Stroke is recognized as a disease with multiple etiologies.8–10

Research indicates that approximately 1 in 7–8 patients with
ischemic stroke (IS) has either diagnosed or undiagnosed MN, with
nearly 40 % of these cases associated with cancer-induced coagu-
lopathy.11 In the United States, around 1 in 10 hospitalized patients
with IS also suffers from comorbid cancer.12 Population-based
studies have revealed that MN is newly diagnosed in 2.8 % of
patients presenting with stroke.13 Similar findings have been
reported in Spain, where 2.1 % of stroke patients were newly diag-
nosed with MN.14 In Norway, researchers found that hidden MN
might be the cause of IS in 4.3 % of cases,15 while in Japan, this fig-
ure stands at 3.0 %.16 There is also evidence suggesting that pros-
tate cancer is linked to the development of hemorrhagic stroke.17

Current scientific understanding identifies the direct toxic effects
of chemotherapy and radiation therapy on the vascular endothe-
lium as a primary pathogenetic mechanism behind cerebrovascu-
lar complications in MN patients (Fig. 1). International guidelines
express significant concerns that the vasotoxic effects of these
treatments could lead to premature disability and mortality among
cancer survivors.18 Peripheral vascular disease and stroke are now
considered among the nine cardiovascular complications associ-
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ated with cancer therapy.18 Some of the drugs used in cancer treat-
ment have adverse effects that can lead to cerebrovascular
complications with regular use.18

A notable example is the platinum-based chemotherapy agent,
cisplatin. Following intravenous administration, cisplatin is rapidly
distributed across various tissues, achieving peak concentrations in
the liver, kidneys, bladder, muscle tissue, skin, testes, prostate,
pancreas, and spleen.19 However, cisplatin has limited penetration
through the blood–brain barrier (BBB). The drug has a detrimental
impact on vascular endothelium, often exhibiting a procoagulant
effect, and can induce Raynaud’s phenomenon.20–21 Cisplatin is
also known to cause hypomagnesemia, which can lead to increased
contraction of vascular smooth muscles.22–23 The molecular mech-
anisms underlying cisplatin-induced vascular toxicity include
reduced activity of protein C24 and elevated levels of von Wille-
brand factor,25 both of which are known to promote hypercoagula-
ble states. Additionally, changes in platelet aggregation properties
during cisplatin therapy have been reported.23

Managing cancer patients who develop cerebrovascular compli-
cations is further complicated by these adverse effects (Fig. 2).

The combined impact of cancer pathology and its treatment
demands meticulous monitoring and a multidisciplinary approach
to mitigate these risks effectively. Understanding the underlying
mechanisms and potential complications related to chemotherapy
and radiation therapy is crucial for optimizing treatment strategies
and improving patient outcomes. A comprehensive approach
enables healthcare providers to address both oncological and cere-
brovascular health concerns, ultimately improving the quality of
life and survival rates for patients with malignant neoplasms.
Platinum-based chemotherapy drugs, such as cisplatin, are associ-
ated with the development of arterial thrombosis and ischemic
stroke in approximately 2 % of patients.18 In a detailed study by
A. Khosla and colleagues,26 a case of cisplatin-induced intestinal
ischemia (characterized by mesenteric thrombosis with necrotic
changes) was documented in a 56-year-old male patient. This
patient arrived at the Al-Hada emergency department complaining
of severe diffuse abdominal pain and nausea. His medical history
revealed that he had been undergoing chemotherapy with cisplatin
and had received 12 doses of radiotherapy for his malignant neo-
plasm. Recent population-based research has shown that the risk
of arterial thromboembolic complications begins to rise about five
months prior to the diagnosis of malignant neoplasms, peaking
approximately one month before diagnosis.27 Cisplatin has also
been implicated in causing vasculitis. For instance, K. Webb and
colleagues28 reported a case of aortitis in a 51-year-old woman
who was receiving adjuvant chemotherapy with cisplatin and
topotecan for cervical cancer. Ten days after her third course of
chemotherapy, she developed back pain, a dry cough, fever, neu-
tropenia, and elevated levels of C-reactive protein. Following a
diagnosis of aortitis, her cisplatin therapy was discontinued, and
she was treated with glucocorticoids, which resulted in normaliza-
tion of her body temperature, resolution of the dry cough, and a
decrease in C-reactive protein levels.28 Another study by Gunar-
atne and colleagues29 described cerebral vasculitis in a 50-year-
old woman with bladder cancer who was being treated with a
combination of gemcitabine and cisplatin. Additionally, another
study found antinuclear and anti-endothelial antibodies in the
serum of a patient with lung adenocarcinoma, suggesting an
autoimmune component induced by cancer treatment.30

The clinical presentation of cerebrovascular complications often
mimics other conditions such as encephalitis or metastatic lesions
of the CNS (Fig. 3).

Typically, the endothelium serves as a barrier that separates
platelets and plasma coagulation factors from the subendothelial
layers, which include collagen.31 When the integrity of the
endothelium is compromised, the profile of bioactive substances



Fig. 1. Patient B., 12 y.o., with central nervous system germinoma after chemotherapy and radiotherapy. T2 and T2 FLAIR axial weighted images (a and b) show the black zone
of postoperative encephalomalacia along the pine region approach (yellow arrows). IV-th ventricle and the temporal horns of the lateral ventricles are dilated with
transependymal swelling of the periventricular substance (stars in b). In the real pole of the right temporal lobe, an ‘‘intra-axial” mass is detected, isointense to the gray
matter in T2 and T2 FLAIR (a, green pointer). The signal characteristics correspond to blood (low signal in SWI, e) in the early subacute phase (irregularly high signal in T1, f).
Diffusion are limited according to the ADC map (d). The lesion does not demonstrate contrast enhancement against the background of hemorrhage: the pole of the right
temporal lobe on pre- and post-contrast T1 images (f and g) does not differ in signal intensity. Raw ASL perfusion data (h) indicate the presence of an area of hyperperfusion
(increased cerebral blood flow velocity) in the lesion as a high signal focus at the pole of the right temporal lobe (red pointer).

O. Beylerli, R. Talybov, E. Musaev et al. Brain Hemorrhages 5 (2024) 284–292
it releases changes dramatically. The endothelium starts to pro-
duce aggregants, coagulants, and vasoconstrictors, facilitating the
generalization of the pathological process.32 These observations
underscore the complexities and significant risks associated with
platinum-based chemotherapy, especially cisplatin, in treating
malignant neoplasms. The adverse vascular effects, including
thrombosis and vasculitis, necessitate vigilant patient monitoring
and a multidisciplinary approach to management. This approach
should incorporate expertise from oncology, cardiology, and neu-
rology to effectively mitigate risks and improve patient outcomes.
A thorough understanding of the mechanisms underlying
cisplatin-induced vascular damage is essential for developing pre-
ventive and therapeutic strategies, ultimately enhancing the qual-
ity of life and survival rates for cancer patients. Review studies
have demonstrated that endothelial cells exhibit phenotypic vari-
ability not only among the blood vessels of different organs but
also within the same organ.33 Substances that induce platelet
adhesion and aggregation include von Willebrand factor, platelet-
activating factor, adenosine diphosphate, and thromboxane A2.
When endothelial damage occurs, the secretion of von Willebrand
factor from storage pools mediates the adhesion of circulating pla-
telets to the exposed collagen surface and promotes the interaction
between platelets themselves.31

In addition, chemotherapy and radiation therapy, especially in
elderly patients, activate blood cells and endothelial cells, stimu-
lating the production of microparticles with strong
pro-inflammatory effects that further damage the vascular wall.
Microparticles are phospholipid vesicles less than 1 lm in diame-
ter, shed from platelets, leukocytes, and endothelial cells, and cap-
able of localizing on the endothelium.34 During activation,
endothelial cells express P-selectin on their surface, a cell adhesion
286
molecule that plays a key role in mediating leukocyte interactions
during inflammation.34 These pathophysiological changes create a
predisposition for cerebrovascular complications in patients with
malignant neoplasms. Multicenter studies in Korea and Italy have
shown that hypercoagulability (indicated by elevated D-dimer
levels or the presence of venous thromboembolism) was associ-
ated with MN in patients with stroke.2 In patients with cerebrovas-
cular complications related to MN, hypercoagulability, as
measured by D-dimer levels, was a predictor of severe neurological
deficits, stroke recurrence, and poorer survival outcomes following
cerebrovascular events.2,35 However, it is important to use D-dimer
levels with caution for identifying and monitoring hypercoagula-
bility, as they are nonspecific and can be influenced by treatment
or the presence of comorbidities or infection.2 These findings
underscore the complex interplay between cancer pathology, its
treatment, and the risk of cerebrovascular complications. Endothe-
lial cells’ variability and the impact of chemotherapy and radiation
therapy on these cells contribute to an increased risk of thrombosis
and inflammation. The activation of endothelial cells and the pro-
duction of microparticles lead to further endothelial damage and
hypercoagulability, creating a cycle that exacerbates the risk of
stroke and other cerebrovascular events in cancer patients.

Effective management of these risks requires a comprehensive
and multidisciplinary approach, incorporating insights from oncol-
ogy, hematology, and neurology. By understanding the mecha-
nisms underlying endothelial damage and hypercoagulability,
healthcare providers can better anticipate and mitigate cere-
brovascular complications, ultimately improving the prognosis
and quality of life for patients with malignant neoplasms. Research
has revealed that a substantial proportion of patients with embolic
stroke of unknown origin also have malignancies (71 out of 348



Fig. 2. Patient B., 47 y.o., with primary central nervous lymphoma, after chemotherapy (4 cycles (21-day) – combination Rituximab 375 mg\m2 and Methotrexate 3.5 g/m2).
In the right frontal lobe, there is a superficial intracerebral formation without cortical involvement with extensive vasogenic edema on T2 (a). The diffusion restriction is
uneven, most pronounced in the central regions as a high signal in DWI b = 1000 (b) and a low, almost black signal on the ADCmap (c, inside the dotted red circle). On SWI the
mass has hemorrhages (d, red arrow), the presence of hemosiderin is confirmed by reconstruction of phase images as black poles (pink arrow). The lesion shows intense and
homogeneous contrast enhancement typical of lymphomas on post-contrast T1 image (e), increased tumor blood volume values with perfusion (f).
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patients; 20 %) and elevated D-dimer levels.13 Lung adenocarci-
noma is known to have a procoagulant effect, which contributes
to the higher risk of IS observed in these patients.2 Multiple studies
have indicated that patients with MN can develop IS and sensory
neuropathy following chemoradiotherapy.36 Cisplatin, a common
chemotherapeutic agent, is frequently associated with peripheral
neuropathy.37 There is evidence suggesting that cisplatin can lead
to cerebrovascular complications in MN patients even in the
absence of traditional cardiovascular risk factors. For example, I.
Meattini et al. documented a case where a young cancer patient
developed srtoke during cisplatin therapy despite lacking conven-
tional cardiovascular risk factors.38 Similarly, Zafar et al.39 reported
the occurrence of IS in a 46-year-old man with seminoma during
his second cycle of cisplatin-based chemotherapy. This patient
had no cardiovascular risk factors, and investigations revealed
acute occlusion of the left internal carotid artery, resulting in an
infarction within the middle cerebral artery territory.39 Neu-
roimaging studies have identified the middle cerebral artery terri-
tory as the most common site of srtoke in patients with malignant
neoplasms.40 Cisplatin-induced peripheral neuropathies are gener-
ally sensory in nature but can also include motor deficits such as
reduced reflexes and lower limb weakness. Additionally, auto-
nomic neuropathy, seizures, and loss of taste have been reported.
There is also an increased risk of epilepsy in the post-stroke period
following cisplatin therapy.39 A cohort retrospective study by S. Li
et al.40 examined the incidence of stroke following chemotherapy
and assessed the potential causal relationship between stroke
and chemotherapy regimens. The study found that 75 % of IS cases
occurred within 10 days after the last chemotherapy session, and
62.5 % occurred after the first cycle of cisplatin-based chemother-
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apy. The analysis included clinical, anamnesis, and neuroimaging
data from MN patients between 1993 and 2004, totaling 10,963
individuals.40 The overall incidence of IS was 0.137 %.40 Adenocar-
cinoma was the most prevalent histological type of MN in IS
patients (40 %) and among cancer patients in general (36.7 %).
Moreover, Cerrud-Rodriguez et al.41 reported a case of stroke in a
20-year-old man with testicular cancer undergoing cisplatin-
based chemotherapy. These cases underscore the significant risks
and complex interactions between cancer therapies, especially cis-
platin, and cerebrovascular complications. Understanding these
risks is vital for developing preventive strategies and enhancing
patient outcomes. Clinicians should maintain a high level of vigi-
lance for cerebrovascular complications in MN patients, particu-
larly during and after chemotherapy. A multidisciplinary
approach that involves oncologists, neurologists, and cardiologists
is essential for the effective management of these patients, ensur-
ing a better prognosis and improved quality of life.

The use of cisplatin in chemotherapy has been linked to a vari-
ety of cerebrovascular and neurological complications. Studies
have shown that cisplatin can induce ischemic stroke even in the
absence of traditional cardiovascular risk factors. For instance, a
young cancer patient developed stroke during cisplatin therapy
without any conventional cardiovascular risk factors, highlighting
the direct impact of the drug on vascular health.38 Another case
reported by T. Etgen et al. involved a 46-year-old man with semi-
noma who experienced IS during his second cycle of cisplatin-
based chemotherapy. This patient, who also had no cardiovascular
risk factors, was found to have an acute occlusion of the left inter-
nal carotid artery, resulting in an infarction within the middle cere-
bral artery territory.39 Moreover, chemotherapy-induced



Fig. 3. Patient A., 32 y.o., with hemorrhagic metastases of melanoma. A globular intracerebral mass with low signal in T2 (a, red pointer), T2 FLAIR and SWI (b, e) due to
biological products that detect hemoglobin in the acute and early subacute phase after hemorrhage. Low T2 signal from the blood creates signal dropout (or ‘‘blackout”)
signals on the b = 1000 DWI and ADCmap (c and d), visually increasing the size of the lesion. A tumor with pronounced perifocal vasogenic edema in T2 and T2 FLAIR (a and b,
green arrows), a mass effect in the form of compression of the left lateral ventricle, small structural dislocations of the midline structures and smoothness of the subarachnoid
space. Pre- and post-contrast T1 images (e and g) without obvious enhancement, however, on the raw ASL perfusion data (h) against the background of the dropped signal, a
single focus of CBF measurement can be detected in the anterior outer parts of the metastasis (red pointer inside the red circle).
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peripheral neuropathy, particularly from cisplatin, is a significant
concern. These neuropathies are typically sensory but can also
include motor deficits such as reduced reflexes and weakness in
the lower limbs. Autonomic neuropathy, seizures, and loss of taste
are other potential complications. Furthermore, there is an
increased risk of epilepsy in the post-stroke period following cis-
platin therapy.39 In a cohort retrospective study, S. Li et al. investi-
gated the incidence of stroke following chemotherapy and assessed
the potential causal relationship between stroke and chemother-
apy regimens. The study found that 75 % of IS cases occurred
within 10 days after the last chemotherapy session, with 62.5 %
occurring after the first cycle of cisplatin-based chemotherapy.
The study analyzed clinical, anamnesis, and neuroimaging data
from MN patients between 1993 and 2004, involving a total of
10,963 individuals.40 The incidence of IS was 0.137 %, with adeno-
carcinoma being the most common histological type of MN in IS
patients (40 %) and among cancer patients overall (36.7 %).40 Addi-
tionally, A. Santos et al. described a case of stroke in a 20-year-old
man with testicular cancer undergoing cisplatin-based chemother-
apy. These findings underscore the significant risks and complex
interactions between cancer therapies, particularly cisplatin, and
cerebrovascular complications.41

The findings from a study by K. Khadjooi et al.42 are noteworthy,
as they reported cerebrovascular complications in a 37-year-old
man with MN. During a session of cisplatin chemotherapy, the
patient experienced sudden weakness in his right arm and epi-
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sodes of speech disturbances. Brain CT and MRI scans revealed
multiple infarcts in the territory of the left middle cerebral
artery.42 Angiography of the precerebral arteries on the left side
showed dissection of the vascular wall.42 The researchers empha-
sized that decisions regarding the continuation or discontinuation
of cisplatin-based chemotherapy should be individualized.42 The
role of cisplatin in the development of cerebrovascular complica-
tions was also described in a publication by Brouha et al.,43 where
a 72-year-old woman with MN developed focal neurological defi-
cits during cisplatin treatment, and a brain CT scan revealed an
infarct. The patient’s cardiovascular risk factors included her age
and carotid atherosclerosis.43 Given the neurological deficits and
the presence of an atherosclerotic plaque, cisplatin was replaced
with paclitaxel, and the patient was also administered clopidogrel,
which resulted in regression of the neurological deficit.43 For the
treatment of neuropathy induced by cisplatin therapy, experimen-
tal studies have demonstrated the effectiveness of methoxyflavone
(6-MeOF).37 A promising approach to protecting damaged neurons
in stroke is antioxidant therapy. For instance, xanthohumol, a nat-
ural flavonoid extracted from hops, has shown potential antioxi-
dant properties, and may be used for neuroprotection in
experimental models of stroke.44 Researchers have noted that xan-
thohumol treatment limits brain damage, reduces infarct size, and
inhibits cell apoptosis, thereby reducing neurological deficits.44

However, further randomized controlled clinical trials are needed
to establish the safety and efficacy of xanthohumol for neuropro-
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tection in cerebrovascular complications among MN patients.
Additionally, the neuroprotective properties of Cordyceps sinensis
extract have been demonstrated in cerebral ischemia.45 These find-
ings highlight the importance of exploring new therapeutic strate-
gies to mitigate the adverse effects of cancer treatments and
improve patient outcomes. Understanding these risks and poten-
tial treatments is crucial for developing preventive strategies and
enhancing patient care. Clinicians should maintain a high level of
vigilance for cerebrovascular complications in MN patients, partic-
ularly during and after chemotherapy. A multidisciplinary
approach involving oncologists, neurologists, and cardiologists is
essential for the effective management of these patients, ensuring
a better prognosis and improved quality of life.
3. Radiation-induced cerebrovascular disorders and potential
mechanisms

The risk of stroke increases significantly following radiation
therapy to the mediastinum, neck, or head regions,46 as empha-
sized in international guidelines.18 This heightened risk is primar-
Fig. 4. Patient B., 45 y.o., with multifocal glioblastoma, after «Stupp-protocol» (radiothe
radiotherapy: 75 mg per square meter of body-surface area per day, 7 days per week; pos
28-day cycle). On axial T2 images at the level of the basal ganglia (a), the tumor involves
body and the thickened right fornix (red arrow). In addition, the glioma invades the gray
the globus pallidus there is a small hematoma in the early subacute phase after hemorrha
viscosity of the blood clot, which is manifested by a high signal in DWI b = 1000 (b) and lo
due to hemosiderin, accumulating contrast agent in a closed ring pattern with walls of
barrier. The tumor-affected fornix on the right accumulates contrast in a similar mann
necrotic cavities of gliomas, and shows an increase in signal on raw ASL perfusion data
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ily due to endothelial damage and thrombus formation that can
occur after the irradiation of small cerebral vessels.18 In larger
brain vessels, radiation can lead to medial necrosis, fibrosis, and
occlusion of the vasa vasorum. Chemotherapy and radiation ther-
apy can induce structural changes in the vessel walls, causing
adventitial fibrosis and accelerating the progression of atheroscle-
rosis (Fig. 4).47 These changes, combined with other risk factors,
can increase the stiffness of both pre-cerebral and cerebral arter-
ies.47 Consequently, chronic brain ischemia may develop, often
manifesting more than a decade after radiation therapy, and is
characterized by cognitive dysfunction.18,47 Whole-brain irradia-
tion is utilized in cases of miliary dissemination of metastases,
multiple or limited lesions, particularly when the prognosis is
poor.4 This treatment is specifically indicated for metastases from
lymphosarcoma, small cell lung cancer, and germinogenic tumors,
where surgical intervention is not feasible. It is always supple-
mented with chemotherapy due to the high radiosensitivity of
these tumors.4,48 Neurological symptoms in such cases typically
develop gradually over days or weeks, though acute onset can also
occur. Common clinical manifestations of metastatic brain
involvement include headaches and psychiatric and behavioral
rapy – total 60 Gy, 2 Gy per daily fraction over 6 weeks; temozolomide � during
t-radiotherapy (adjuvant): 6 cycles consisting of 150–200 mg for 5 days during each
the putamen, globus pallidus, and predominantly infiltrates the head of the caudate
matter of the cortical plate of the frontal operculum (yellow pointer). In the area of
ge, which has a high signal on T2 (a) and T1 (e) images and limits diffusion due to the
w signal on the ADC (c). The hematoma shows low signal in the periphery on SWI (d)
uniform thickness on post-contrast T1 image (e), due to a disrupted blood–brain

er but has a ‘‘corona effect” in the structure (green pointer), which is found in the
(f), characteristic of the most malignant component heterogeneous diffuse glioma.
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disturbances. Seizures are especially common with melanoma and
choriocarcinoma metastases.4,48 Less common symptoms include
paresthesias, sensory deficits, unstable gait, unilateral twitching,
diplopia, ptosis, ataxia, orthostatic hypotension, and hiccups.4,48

The primary mechanisms linking cerebrovascular complications
and malignant neoplasms include elevated catecholamine levels,
electrolyte imbalances, and hypoxia, which are common in both
conditions. The functioning of the CNS is largely dependent on cat-
echolaminergic neurotransmitters. These neurotransmitters con-
trol the transmission of nerve impulses in synaptic pathways,
coordinate many components of central nervous system mecha-
nisms, and are involved in organizing both adaptive and destruc-
tive processes.49 Under the influence of catecholamines,
potassium exits the cell into the extracellular space, and the levels
of sodium and magnesium in the blood plasma are altered.50 These
intricate interactions highlight the necessity of a multidisciplinary
approach in managing patients with malignant neoplasms, espe-
cially those undergoing chemotherapy and radiation therapy. By
comprehending the underlying mechanisms and potential compli-
cations, healthcare providers can better anticipate and mitigate the
risks, thus improving patient outcomes and quality of life.

To mitigate these risks, healthcare providers should maintain a
high index of suspicion for cerebrovascular complications in MN
patients, especially during and after chemotherapy. A multidisci-
plinary approach involving oncologists, neurologists, and cardiolo-
gists is essential for optimizing patient care, improving prognosis,
and enhancing quality of life. Catecholamines significantly increase
the oxygen demand of the CNS by stimulating oxidative processes
in the brain, thereby exerting a stimulatory effect. Studies have
indicated that in patients with MN, prolonged chemotherapy and
radiation therapy can cause damage and thrombosis in small brain
vessels.20 The pathophysiological mechanisms that elevate the risk
of stroke in medium and large vessels include occlusion of the vasa
vasorum, leading to medial necrosis and fibrosis, adventitial fibro-
sis, and the progression of atherosclerosis, which is often observed
more than ten years after radiation therapy.18 Similar damage
mechanisms have been described for the aorta and other periph-
Fig. 5. This diagram representing the mechanisms underlying cisplatin and radiatio
treatments can lead to conditions like endothelial damage, oxidative stress, inflammation
including ischemia and stroke.
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eral vessels, such as the subclavian and iliac-femoral arteries,
resulting in limb ischemia. For patients who have undergone radi-
ation therapy to the neck or head region, or those treated for lym-
phoma, it is recommended that ultrasound examinations of the
pre-cerebral vessels be conducted, particularly starting five years
after the initiation of radiation therapy.18 These examinations
should be repeated every five years, or more frequently if abnor-
malities are detected in the initial study. Physical examinations
or the presence of relevant symptoms can reveal signs of
radiation-induced damage to other arteries. Notably, head and
neck irradiation is a well-established risk factor for carotid artery
stenosis.

In a study by P. Texakalidis et al.,51 which aimed to determine
the prevalence, frequency, and degree of carotid artery stenosis
in patients with a history of head and neck irradiation, it was found
that the incidence of carotid artery stenosis increased bymore than
50 % annually during the first three years following radiation ther-
apy. A meta-analysis of 12 studies51 involving 1,479 patients
revealed that the prevalence of carotid artery stenosis > 50 % was
25 % (95 % CI 19–32 %), >70 % was 12 % (95 % CI 7–17 %), and carotid
artery occlusion was 4 % (95 % CI 2–8 %). Additionally, the cumula-
tive 12-month incidence of carotid artery stenosis > 50 % was 4 %
(95 % CI 2–5 %), rising to 12 % (95 % CI 9–15 %) at 24 months.51

Notably, the cumulative 36-month incidence of carotid artery
stenosis > 50 % was 21 % (95 % CI 9–36 %).51 The impact of stroke
on mortality and psychosomatic status in MN patients was inves-
tigated by Bottinor et al..52 The authors conducted a retrospective
cohort study with longitudinal follow-up of childhood cancer sur-
vivors whose tumors were diagnosed between 1970 and 1986.
Mortality rates per 100 person-years were calculated across three
periods: 1) before the first stroke; 2) after the first stroke and
before a recurrent stroke; and 3) after a recurrent stroke.52 Among
14,358 participants (mean age 39.7 years), 224 experienced a
stroke following their cancer diagnosis (161 had a primary stroke,
and 63 had a recurrent stroke). The study found that late mortality
rates from all causes were 0.70 (95 % CI 0.68–0.73) before the first
IS and 1.03 (95 % CI 0.73–1.46) after the primary stroke. This rate
n therapy-induced cerebrovascular disorders. The diagram illustrates how both
, fibrosis, thrombosis, and ultimately increase the risk of cerebrovascular disorders,
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increased significantly for individuals with recurrent stroke, reach-
ing 2.42 (95 % CI 1.48–3.94).

These findings underscore the critical need for continuous mon-
itoring and a comprehensive approach to managing the long-term
vascular health of cancer survivors. By understanding the potential
complications and implementing regular follow-ups, healthcare
providers can significantly improve outcomes and enhance the
quality of life for these patients. This approach is essential to
address the multifaceted risks associated with cancer treatment
and its long-term effects on vascular health (Fig. 5).
4. Conclusion

The increasing number of oncology patients and the cerebrovas-
cular complications associated with chemotherapy and radiation
therapy underscore the urgent need for identifying a distinct
high-risk group. These complications, which include ischemic
stroke, hemorrhagic stroke, and other vascular disorders, can sig-
nificantly impact the prognosis and quality of life of cancer
patients. Effective prevention and management of these cere-
brovascular disorders necessitate a multidisciplinary approach.
Oncologists, neurologists, cardiologists, radiologists, and primary
care physicians must collaborate to provide comprehensive care.
By recognizing the specific risks posed by various cancer treat-
ments and the pathophysiological mechanisms involved, health-
care providers can implement targeted monitoring and
intervention strategies. This includes regular screening for vascular
abnormalities, managing cardiovascular risk factors, and optimiz-
ing cancer treatment protocols to minimize vascular damage.
Coordinated care is essential for early detection and prompt man-
agement of cerebrovascular complications, potentially reducing
morbidity and mortality rates. Future research should focus on
understanding the molecular and cellular mechanisms underlying
these complications to develop tailored interventions. Addition-
ally, large-scale, longitudinal studies are needed to establish
evidence-based guidelines for the prevention, monitoring, and
treatment of cerebrovascular disorders in cancer patients. Compre-
hensive monitoring protocols that include advanced imaging tech-
niques and biomarker analysis will be crucial in identifying at-risk
patients early and managing their conditions effectively. Ulti-
mately, by integrating multidisciplinary expertise and advancing
research efforts, we can improve the overall outcomes and quality
of life for patients with malignant tumors, ensuring they receive
the best possible care throughout their treatment journey.
Funding

This work was supported by the Bashkir State Medical Univer-
sity Strategic Academic Leadership Program (PRIORITY-2030).
CRediT authorship contribution statement

Ozal Beylerli: Writing – review & editing, Writing – original
draft, Conceptualization. Rustam Talybov: Visualization,
Resources, Data curation. Elmar Musaev: Formal analysis, Data
curation. Tatyana Trofimova: Supervision. Huaizhang Shi: Super-
vision. Tatiana Ilyasova: Data curation, Methodology. Valentin
Pavlov: Supervision.
Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.
291
Ethical statement

This review article does not contain any studies with human
participants or animals performed by any of the authors.
References

1. Xie W, Hsu S, Lin Y, et al. Malignancy-associated ischemic stroke: Implications
for diagnostic and therapeutic workup. CNS Neurosci Ther.. 2024 Mar;30(3):
e14619.

2. Baker R, Bakali Z, Crocker JS, et al. Tumor embolic stroke: the importance of
pathological assessment of clots after thrombectomy. J Clin Med.. 2024 Mar
22;13(7):1834. https://doi.org/10.3390/jcm13071834.

3. Lee EQ. Neurologic complications in patients with cancer. Continuum (minneap
Minn).. 2020 Dec;26(6):1629–1645. https://doi.org/10.1212/
CON.0000000000000937.

4. Medikonda R, Pant A, Lim M. Immunotherapy as a new therapeutic approach
for brain and spinal cord tumors. Adv Exp Med Biol. 2023;1394:73–84. https://
doi.org/10.1007/978-3-031-14732-6_5.

5. Sawada J, Katayama T, Kikuchi-Takeguchi S, et al. Clinical features and
prognostic factors of patients with cancer-associated stroke. Neurol Sci.. 2024
Jun;45(6):2747–2757. https://doi.org/10.1007/s10072-024-07332-y.

6. Cheong MA, Leader A. Cancer and arterial thrombosis: therapeutic options. Res
Pract Thromb Haemost.. 2024 Mar 27;8(3). https://doi.org/10.1016/j.
rpth.2024.102393 102393.

7. Finsterer J. Blind after first chemotherapy. J Neurosci Rural Pract. 2024 Apr-
Jun;15(2):393–395.. https://doi.org/10.25259/JNRP_568_2023.

8. Zuber M. Stroke and cancer. Rev Neurol (paris). 2023 Jun;179(5):417–424.
https://doi.org/10.1016/j.neurol.2023.03.009.

9. Simats A, García-Berrocoso T, Montaner J. Neuroinflammatory biomarkers:
from stroke diagnosis and prognosis to therapy. Biochim Biophys Acta.. 2016
Mar;1862(3):411–424. https://doi.org/10.1016/j.bbadis.2015.10.025.

10. Xing Y, Bai Y. A review of exercise-induced neuroplasticity in ischemic stroke:
pathology and mechanisms. Mol Neurobiol.. 2020 Oct;57(10):4218–4231.
https://doi.org/10.1007/s12035-020-02021-1.

11. Salazar-Camelo RA, Moreno-Vargas EA, Cardona AF, Bayona-Ortiz HF. Ischemic
stroke: a paradoxical manifestation of cancer. Crit Rev Oncol Hematol.. 2021
Jan;157. https://doi.org/10.1016/j.critrevonc.2020.103181 103181.

12. Chen S, Singh RJ, Kamal N, Hill MD. Improving care for acute in-hospital
ischemic strokes-A narrative review. Int J Stroke.. 2018 Dec;13(9):905–912.
https://doi.org/10.1177/1747493018790029.

13. Ohara T, Farhoudi M, Bang OY, Koga M, Demchuk AM. The emerging value of
serum D-dimer measurement in the work-up and management of ischemic
stroke. Int J Stroke.. 2020 Feb;15(2):122–131. https://doi.org/10.1177/
1747493019876538.

14. Quintas S, Rogado J, Gullón P, et al. Predictors of unknown cancer in patients
with ischemic stroke. J Neurooncol.. 2018 May;137(3):551–557. https://doi.org/
10.1007/s11060-017-2741-0.

15. Beyeler M, Castigliego P, Baumann J, et al. Transient ischemic attacks in
patients with active and occult cancer. Front Neurol.. 2023 Sep;28(14):1268131.
https://doi.org/10.3389/fneur.2023.1268131.

16. Chae WH, Vössing A, Li Y, et al. Treatment of acute ischemic stroke in patients
with active malignancy: insight from a comprehensive stroke center
17562864231207508. Ther Adv Neurol Disord. 2023 Oct;31(16). https://doi.
org/10.1177/17562864231207508.

17. Fullerton HJ, Stratton K, Mueller S, et al. Recurrent stroke in childhood cancer
survivors. Neurology. 2015 Sep 22;85(12):1056–1064. https://doi.org/10.1212/
WNL.0000000000001951.

18. Liu JE, Barac A, Thavendiranathan P, Scherrer-Crosbie M. Strain imaging in
cardio-oncology. JACC CardioOncol. 2020 Dec 15;2(5):677–689. https://doi.org/
10.1016/j.jaccao.2020.10.011.

19. Demos-Davies K, Lawrence J, Seelig D. Cancer related cognitive impairment: a
downside of cancer treatment. Front Oncol. 2024 Apr;23(14):1387251. https://
doi.org/10.3389/fonc.2024.1387251.

20. Zamorano JL, Lancellotti P, Rodriguez Muñoz D, Aboyans V, Asteggiano R,
Galderisi M, Habib G, Lenihan DJ, Lip GY, Lyon AR, Lopez Fernandez T, Mohty D,
Piepoli MF, Tamargo J, Torbicki A, Suter TM, Zamorano JL, Aboyans V,
Achenbach S, Agewall S, Badimon L, Barón-Esquivias G, Baumgartner H, Bax
JJ, Bueno H, Carerj S, Dean V, Erol Ç, Fitzsimons D, Gaemperli O, Kirchhof P, Kolh
P, Lancellotti P, Lip GY, Nihoyannopoulos P, Piepoli MF, Ponikowski P, Roffi M,
Torbicki A, Vaz Carneiro A, Windecker S; Authors/Task Force Members; ESC
Committee for Practice Guidelines (CPG); Document Reviewers. 2016 ESC
Position Paper on cancer treatments and cardiovascular toxicity developed
under the auspices of the ESC Committee for Practice Guidelines: The Task
Force for cancer treatments and cardiovascular toxicity of the European Society
of Cardiology (ESC). Eur J Heart Fail. 2017 Jan;19(1):9-42. doi: 10.1002/
ejhf.654.

21. Herrmann J, Yang EH, Iliescu CA, et al. Vascular toxicities of cancer therapies:
the old and the new–An evolving avenue. Circulation. 2016 Mar 29;133
(13):1272–1289. https://doi.org/10.1161/CIRCULATIONAHA.115.018347.

22. Lange J, Audebert HJ, Endres M, Rocco A. Cisplatin-related Cerebral Infarction in
Testicular Germ Cell Cancer: short Report of Three Cases and P in testicular
germ cell cancer: short report of three cases and pathomechanism. Clin Neurol

http://refhub.elsevier.com/S2589-238X(24)00071-8/h0005
http://refhub.elsevier.com/S2589-238X(24)00071-8/h0005
http://refhub.elsevier.com/S2589-238X(24)00071-8/h0005
https://doi.org/10.3390/jcm13071834
https://doi.org/10.1212/CON.0000000000000937
https://doi.org/10.1212/CON.0000000000000937
https://doi.org/10.1007/978-3-031-14732-6_5
https://doi.org/10.1007/978-3-031-14732-6_5
https://doi.org/10.1007/s10072-024-07332-y
https://doi.org/10.1016/j.rpth.2024.102393
https://doi.org/10.1016/j.rpth.2024.102393
https://doi.org/10.25259/JNRP_568_2023
https://doi.org/10.1016/j.neurol.2023.03.009
https://doi.org/10.1016/j.bbadis.2015.10.025
https://doi.org/10.1007/s12035-020-02021-1
https://doi.org/10.1016/j.critrevonc.2020.103181
https://doi.org/10.1177/1747493018790029
https://doi.org/10.1177/1747493019876538
https://doi.org/10.1177/1747493019876538
https://doi.org/10.1007/s11060-017-2741-0
https://doi.org/10.1007/s11060-017-2741-0
https://doi.org/10.3389/fneur.2023.1268131
https://doi.org/10.1177/17562864231207508
https://doi.org/10.1177/17562864231207508
https://doi.org/10.1212/WNL.0000000000001951
https://doi.org/10.1212/WNL.0000000000001951
https://doi.org/10.1016/j.jaccao.2020.10.011
https://doi.org/10.1016/j.jaccao.2020.10.011
https://doi.org/10.3389/fonc.2024.1387251
https://doi.org/10.3389/fonc.2024.1387251
https://doi.org/10.1161/CIRCULATIONAHA.115.018347


O. Beylerli, R. Talybov, E. Musaev et al. Brain Hemorrhages 5 (2024) 284–292
Neurosurg.. 2017 Jan;152:76–77. https://doi.org/10.1016/
j.clineuro.2016.11.014.

23. Chaturvedi S, Chimowitz M. Silent myocardial infarction and stroke risk: we
should be listening. Neurology. 2021 Aug 3;97(5):207–208. https://doi.org/
10.1212/WNL.0000000000012248.

24. Rashid F, Omar NE, Aaekl H, Al Homsi U, Shablak A. Successful rechallenge with
cisplatin following cisplatin induced ischemic cerebrovascular accident in a
patient with small cell lung cancer. Clin Case Rep.. 2022 Oct 20;10(10):e6469.

25. Zheng VM, Linn YL, Ch’ng JK, Chng SP. Management of spontaneous aortic
thrombus following cisplatin-based chemotherapy in urothelial cancer: a case
report. Vasc Specialist Int. 2023 Dec;18(39):40. https://doi.org/10.5758/
vsi.230091.

26. Khosla S, Kennedy L, Abdulaal Y. Cisplatin induced acute mesenteric ischaemia:
a case report and review of the literature. Int J Surg Case Rep.. 2017;41:347–351.
https://doi.org/10.1016/j.ijscr.2017.11.007.

27. Pernod G, Cohen A, Mismetti P, Sanchez O, Mahé I. INNOVTE CAT Working
Group. Cancer-related arterial thromboembolic events. Arch Cardiovasc Dis..
2024 Jan;117(1):101–113. https://doi.org/10.1016/j.acvd.2023.11.007.

28. Webb K, Prakash V, Kirresh O, Stewart A. A case of aortitis during cisplatin-
based chemotherapy for cervical cancer. BJR Case Rep. 2018 Sep 8;5
(1):20180054. https://doi.org/10.1259/bjrcr.20180054.

29. Gunaratne DA, Krieger LE, Maclean F, Vaux KJ, Chalasani V. Neoadjuvant
chemotherapy with gemcitabine and cisplatin for plasmacytoid urothelial
bladder cancer: a case report and review of the literature. Clin Genitourin
Cancer.. 2016 Feb;14(1):e103–e105. https://doi.org/10.1016/j.clgc.2015.08.009.

30. Zhang W, Gu J, Bian C, Huang G. Immune-related adverse events associated
with immune checkpoint inhibitors for advanced non-small cell lung cancer: a
network meta-analysis of randomized clinical trials. Front Pharmacol.. 2021
Oct;25(12). https://doi.org/10.3389/fphar.2021.686876 686876.

31. Alamin AA. The role of red blood cells in hemostasis. Semin Thromb Hemost..
2021 Feb;47(1):26–31. https://doi.org/10.1055/s-0040-1718889.

32. Qiu YM, Zhang CL, Chen AQ, et al. Immune cells in the BBB disruption after
acute ischemic stroke: targets for immune therapy? Front Immunol.. 2021
Jun;23(12). https://doi.org/10.3389/fimmu.2021.678744 678744.

33. Masoudkabir F, Sarrafzadegan N. The interplay of endothelial dysfunction,
cardiovascular disease, and cancer: what we should know beyond
inflammation and oxidative stress. Eur J Prev Cardiol.. 2020 Dec;27
(19):2075–2076. https://doi.org/10.1177/2047487319895415.

34. Kalagara T, Moutsis T, Yang Y, et al. The endothelial glycocalyx anchors von
Willebrand factor fibers to the vascular endothelium. Blood Adv. 2018 Sep 25;2
(18):2347–2357. https://doi.org/10.1182/bloodadvances.2017013995.

35. Nam KW, Kim CK, Kim TJ, et al. Predictors of 30-day mortality and the risk of
recurrent systemic thromboembolism in cancer patients suffering acute
ischemic stroke. PLoS One. 2017 Mar 10;12(3):e0172793.

36. Lim SH, Sun JM, Hong J, et al. Induction chemotherapy followed by concurrent
chemoradiotherapy versus CCRT for locally advanced hypopharynx and base of
tongue cancer. Korean J Intern Med. 2021 Mar;36(Suppl 1):S217–S224. https://
doi.org/10.3904/kjim.2019.161.

37. Becker G, Atuati SF, Oliveira SM. G protein-coupled receptors and ion channels
involvement in cisplatin-induced peripheral neuropathy: a review of
preclinical studies. Cancers (basel).. 2024 Jan 30;16(3):580. https://doi.org/
10.3390/cancers16030580.

38. Meattini I, Scotti V, Pescini F, et al. Ischemic stroke during cisplatin-based
chemotherapy for testicular germ cell tumor: case report and review of the
292
literature. J Chemother.. 2010 Apr;22(2):134–136. https://doi.org/10.1179/
joc.2010.22.2.134.

39. Zafar S, Potdar R, Tiu A, Varadi G, Leighton J. Acute left internal carotid artery
and right popliteal artery occlusion related to cisplatin-gemcitabine based
chemotherapy. Case Rep Neurol Med. 2018 Dec;17(2018):9281918. https://doi.
org/10.1155/2018/9281918.

40. Li SH, Chen WH, Tang Y, et al. Incidence of ischemic stroke post-chemotherapy:
a retrospective review of 10,963 patients. Clin Neurol Neurosurg. 2006 Feb;108
(2):150–156. https://doi.org/10.1016/j.clineuro.2005.03.008.

41. Cerrud-Rodriguez RC, Quinteros MG, Azam M. Internal carotid artery occlusion
and stroke as a complication of cisplatin-based chemotherapy for metastatic
testicular germ cell tumour bcr2017220084. BMJ Case Rep. 2017 Jun;18(2017).
https://doi.org/10.1136/bcr-2017-220084.

42. Khadjooi K, Adab N, Kenton A. Acute stroke secondary to carotid artery
dissection in a patient with germ cell tumour: did cisplatin play a role?
Onkologie. 2013;36(1–2):46–48. https://doi.org/10.1159/000346676.

43. Brouha ME, Bloemendal HJ, Kappelle LJ, Winter JB. Herseninfarct en
myocardinfarct door cisplatinebevattende chemotherapie [Cerebral infarction
and myocardial infarction due to cisplatin-containing chemotherapy]. Ned
Tijdschr Geneeskd. 2003 Mar 8;147(10):457-60. Dutch. Erratum in: Ned
Tijdschr Geneeskd. 2003 Dec 27;147(52):2612.

44. Tang Z, Feng Y, Nie W, Li C. Xanthohumol attenuates renal ischemia/
reperfusion injury by inhibiting ferroptosis. Exp Ther Med. 2023 Oct 24;26
(6):571. https://doi.org/10.3892/etm.2023.12269.

45. Liu L, Chen D, Zhou Z, et al. Traditional Chinese medicine in treating ischemic
stroke by modulating mitochondria: a comprehensive overview of
experimental studies. Front Pharmacol. 2023 Mar;22(14):1138128. https://
doi.org/10.3389/fphar.2023.1138128.

46. Keramida K, Farmakis D, Filippatos G. Cancer and Takotsubo syndrome: from
rarity to clinical practice. ESC Heart Fail. 2021 Dec;8(6):4365–4369. https://doi.
org/10.1002/ehf2.13741.

47. Murata K, Murata N, Chu B, Watase H, Hippe DS, Balu N, Sun J, Zhao X,
Hatsukami TS, Yuan C; CARE-II Study Collaborators. Characterization of Carotid
Atherosclerotic Plaques Using 3-Dimensional MERGE Magnetic Resonance
Imaging and Correlation With Stroke Risk Factors. Stroke. 2020 Feb;51(2):475-
480. doi: 10.1161/STROKEAHA.119.027779.

48. Anwar SL, Adistyawan G, Wulaningsih W, Gutenbrunner C, Nugraha B.
Rehabilitation for cancer survivors: how we can reduce the healthcare service
inequality in low- and middle-income countries. Am J Phys Med Rehabil. 2018
Oct;97(10):764–771. https://doi.org/10.1097/PHM.0000000000000982.

49. Silva A, Caron A. Pathophysiological mechanisms that alter the autonomic
brain-liver communication in metabolic diseases. Endocrinology. 2021 Nov
1;162(11):bqab164. doi: 10.1210/endocr/bqab164.

50. Kruk J, Kotarska K, Aboul-Enein BH. Physical exercise and catecholamines
response: benefits and health risk: possible mechanisms. Free Radic Res.. 2020
Mar;54(2–3):105–125. https://doi.org/10.1080/10715762.2020.1726343.

51. Texakalidis P, Giannopoulos S, Tsouknidas I, et al. Prevalence of carotid stenosis
following radiotherapy for head and neck cancer: A systematic review and
meta-analysis. Head Neck.. 2020 May;42(5):1077–1088. https://doi.org/
10.1002/hed.26102.

52. Bottinor W, Im C, Doody DR, et al. Mortality after major cardiovascular events
in survivors of childhood cancer. J Am Coll Cardiol.. 2024 Feb 27;83(8):827–838.
https://doi.org/10.1016/j.jacc.2023.12.022.

https://doi.org/10.1016/j.clineuro.2016.11.014
https://doi.org/10.1016/j.clineuro.2016.11.014
https://doi.org/10.1212/WNL.0000000000012248
https://doi.org/10.1212/WNL.0000000000012248
http://refhub.elsevier.com/S2589-238X(24)00071-8/h0120
http://refhub.elsevier.com/S2589-238X(24)00071-8/h0120
http://refhub.elsevier.com/S2589-238X(24)00071-8/h0120
https://doi.org/10.5758/vsi.230091
https://doi.org/10.5758/vsi.230091
https://doi.org/10.1016/j.ijscr.2017.11.007
https://doi.org/10.1016/j.acvd.2023.11.007
https://doi.org/10.1259/bjrcr.20180054
https://doi.org/10.1016/j.clgc.2015.08.009
https://doi.org/10.3389/fphar.2021.686876
https://doi.org/10.1055/s-0040-1718889
https://doi.org/10.3389/fimmu.2021.678744
https://doi.org/10.1177/2047487319895415
https://doi.org/10.1182/bloodadvances.2017013995
http://refhub.elsevier.com/S2589-238X(24)00071-8/h0175
http://refhub.elsevier.com/S2589-238X(24)00071-8/h0175
http://refhub.elsevier.com/S2589-238X(24)00071-8/h0175
https://doi.org/10.3904/kjim.2019.161
https://doi.org/10.3904/kjim.2019.161
https://doi.org/10.3390/cancers16030580
https://doi.org/10.3390/cancers16030580
https://doi.org/10.1179/joc.2010.22.2.134
https://doi.org/10.1179/joc.2010.22.2.134
https://doi.org/10.1155/2018/9281918
https://doi.org/10.1155/2018/9281918
https://doi.org/10.1016/j.clineuro.2005.03.008
https://doi.org/10.1136/bcr-2017-220084
https://doi.org/10.1159/000346676
https://doi.org/10.3892/etm.2023.12269
https://doi.org/10.3389/fphar.2023.1138128
https://doi.org/10.3389/fphar.2023.1138128
https://doi.org/10.1002/ehf2.13741
https://doi.org/10.1002/ehf2.13741
https://doi.org/10.1097/PHM.0000000000000982
https://doi.org/10.1080/10715762.2020.1726343
https://doi.org/10.1002/hed.26102
https://doi.org/10.1002/hed.26102
https://doi.org/10.1016/j.jacc.2023.12.022

	Cerebrovascular disorders in patients with malignant tumors
	1 Introduction
	2 Chemotherapy-induced cerebrovascular disorder and potential mechanisms
	3 Radiation-induced cerebrovascular disorders and potential mechanisms
	4 Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Ethical statement
	References


