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Non-thrombotic ischemic cerebrovascular events 
related to the use of tyrosine kinase inhibitors in 
patients with cancer: high-resolution magnetic 
resonance imaging findings

Jae Eun Sim, Jeongho Park, Oh Young Bang
Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

ABSTRACT
The targeted cancer therapies that have been introduced in recent years are directed 
against cancer-specific molecules and signaling pathways, and thus, they have limited 
nonspecific toxicities. However, major vascular events, including stroke, are common in 
patients receiving tyrosine kinase inhibitors (TKIs). Inhibition of vascular endothelial 
growth factor receptor by some TKIs probably explains such events. Moreover, venous 
and arterial thromboses, atherosclerosis, and bleeding have been reported. Ischemic 
lesions can also occur due to impaired angiogenesis or endothelial dysfunction. How-
ever, the exact mechanisms of arterial stroke in patients with cancer receiving TKIs are 
unknown. Here, we have report two cases of non-thrombotic ischemic cerebrovascular 
events related to TKIs and described the high-resolution magnetic resonance imaging 
findings.
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INTRODUCTION
Cerebrovascular disease commonly occurs in patients with cancer. Active cancer and chemo-
therapy promote hypercoagulability, thus leading to stroke [1]. Although the control of active 
cancer can reduce the risk of cancer-related stroke, cancer chemotherapy may be associated 
with an increased risk of arterial events [2]. Chemotherapeutic agents such as cisplastin, meth-
otrexate, and L-asparaginase, may enhance thrombin generation and increase the risk of 
stroke [2,3]. However, mechanisms of stroke related to chemotherapy may differ depending on 
the types of therapy used [3]. With recent introduction of targeted therapy, such as tyrosine ki-
nase inhibitor (TKI) and angiogenesis inhibitor therapy, the subtypes of stroke related to can-
cer therapy should also be changed accordingly. 

The recently introduced targeted therapies for cancer are directed against cancer-specific 
molecules and signaling pathways, and thus, they have fewer nonspecific toxicities. Tyrosine 
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kinases are especially important targets because they play 
vital roles in the modulation of growth factor signaling. Multi- 
targeted TKIs against vascular endothelial growth factor re-
ceptor (VEGFR) 1, 2, and 3; fibroblast growth factor receptor 
(FGFR) 1–4; platelet-derived growth factor receptor (PDGFR) 
α; RET; and KIT have therapeutic efficacy in some tumors.

TKIs are associated with stroke and transient ischemic at-
tack (TIA) [4]. A meta-analysis of major adverse events in pa-
tients treated with TKIs found that arterial events are com-
mon [5]. In a randomized trial involving patients with progres-
sive thyroid cancer, arterial, or venous thromboembolic events 
occurred more frequently in the multi-targeted TKI group 
than in the placebo group [6]. However, the underlying mech-
anisms of arterial stroke in patients with cancer receiving TKIs 
are unknown. Here, we have reported two cases of non-throm-
botic stroke related to TKIs and presented the associated 
high-resolution magnetic resonance imaging (MRI) findings. 
All patients were provided written informed consent.

CASE REPORTS

Case 1
A 51-year-old man visited our hospital with two episodes of 
dysarthria, each lasting <1 minute. He had a history of hy-

perglycemia, for which he was not receiving medications, but 
no other vascular risk factors. He had been receiving a TKI 
(nilotinib) for chronic myeloid leukemia for 44 months. MRI 
of the brain showed no demonstrable acute infarcts, and 
time-of-flight magnetic resonance angiography revealed ste-
nosis of the left middle cerebral artery (MCA). Work-up for 
potential cardiac embolic events, including 24-hour tele-
monitoring and echocardiography, revealed negative find-
ings. The D-dimer level was 0.27 μg/mL.

Brain MRI showed a focal enhancing plaque in the left MCA 
(Fig. 1). Aspirin and high-intensity statin (atorvastatin 80 mg) 
were initiated, and nilotinib was switched to dasatinib. The 
patient’s condition was stable, and no recurrence was noted 
during the 1-year follow-up.

Case 2
A 64-year-old man with hypertension and hepatocellular car-
cinoma (HCC) with peritoneal seeding presented with recur-
rent cerebral infarcts four times over a period of 3 months 
(Fig. 2A). He had been receiving a multi-targeted TKI (lenvati-
nib) for HCC for 7 months. At presentation he experienced 
left-sided hypoesthesia and weakness, and MRI of the brain 
showed bilateral thalamic infarctions. The patient was treat-
ed with aspirin. One month later, he visited the emergency 

Fig. 1. Magnetic resonance angiography revealing left middle cerebral artery stenosis. T1 weighted high-resolution brain magnetic 
resonance image showing focal enhanced plaque (red arrows) in the left middle cerebral artery.
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room for abdominal pain and was diagnosed with pancreati-
tis. He also complained of worsening left-sided weakness. 
MRI of the brain showed infarcts in the right posterior limb of 
the internal capsule and basal ganglia. After 3 weeks, he ex-
perienced worsening of left-side hypoesthesia and dysar-
thria, and a new diffusion-restricted lesion was observed in 
the right centrum ovale. After 7 weeks, he complained of new 
right-hand weakness despite treatment with dual antiplate-
let agents (aspirin and clopidogrel). MRI of the brain showed 
a new lesion in the left centrum ovale. Work-up for potential 
cardiac embolic events, including 24-hour telemonitoring 
and echocardiography, revealed negative findings. Cerebro-
spinal fluid examination did not show signs of leptomeninge-
al seeding and vasculitis. The D-dimer level was 0.39 μg/mL. 
High-resolution MRI revealed a focal enhancing plaque in the 
right proximal MCA, suggesting unstable atherosclerotic 
plaque (Fig. 2B).

DISCUSSION

To the best of our knowledge, this is the first report of high- 
resolution MRI-proven atherosclerotic stroke or TIA related 
to the use of TKIs. TKI-related adverse events usually devel-

op after >1 to 2 years of treatment [4,6]. However, a shorter 
period of exposure to a multi-targeted TKI could be associat-
ed with cerebral infarcts, as seen in case 2. Moreover, very fre-
quent strokes shortly after initiation of TKIs suggest a causal 
relationship between TKI use and cerebrovascular events.

The pathophysiology of TKI-related arterial events is unclear, 
but it is thought to be multifactorial. TKI induce changes in 
vessel wall homeostasis and impair proliferation of endothe-
lial cells. Lenvatinib is an oral inhibitor of VEGFR 1, 2, and 3; 
FGFR 1–4; PDGFR α; RET; and KIT. It primarily inhibits vascu-
lar endothelial growth factor (VEGF)-driven angiogenesis 
(Fig. 3) [3]. Similarly, nilotinib is associated with accelerated 
atherosclerosis [7]. Nilotinib inhibits several additional ki-
nase targets, including VEGFR 2, in tumor cells (Fig. 3). Nilo-
tinib exerts direct pro-atherogenic and antiangiogenic effects 
on vascular endothelial cells, including suppression of endo-
thelial cell proliferation, migration, and tube formation. The 
reason we chose dasatinib over nilotininb in case 1 was be-
cause nilotinib, a second-generation BCR/ABL1 TKI, has a 
higher rate of arterial vascular adverse events than dasatinib 
[4].

Similarly, angiogenesis inhibitors (such as bevacizumab, a 
VEGF-A inhibitor), which interfere with these normal process-

A

B

Fig. 2. (A) Diffusion-weighted magnetic resonance axial images of the brain showing four consecutive cerebral infarcts over a period of 3 
months (year-month-day). (B) T1 weighted high-resolution brain magnetic resonance image showing focal enhanced plaque (red arrow) in 
the proximal right middle cerebral artery.
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es, may predispose to conditions such as stroke, coronary ar-
tery disease, and peripheral arterial disease [8]. In contrast, 
epidermal growth factor receptor (EGFR) inhibitors attenuate 
atherosclerosis via decreasing inflammation and oxidative 
stress [9]. Therefore, EGFR inhibitors could be a safer and ef-
fective treatment option in patients with lung cancer and ce-
rebral infarction [10].

In conclusion, non-thrombotic stroke due to accelerated 
intracranial atherosclerosis may be an adverse effect of TKI 
therapy, especially VEGFR inhibitor therapy, in patients with 
cancer, probably due to their effects on angiogenesis. Our 
cases provide supporting evidence of accelerated atheroscle-
rosis related to angiogenesis that inhibited chemotherapy. 
Because cancer and stroke share risk factors (such as smok-
ing and obesity), patients with cancer could be prone to ath-
erosclerosis. Therefore, newer targeted therapies should be 
used with caution, especially in patients with multiple vascu-
lar risk factors or established atherosclerosis. Therapeutic 
strategies for atherosclerosis, such as intensive statin thera-
py, can be useful in these patients, but their efficacy in clini-
cal setting requires further research.
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