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Abstract: Brain metastases (BMs) are the most common
intracranial malignancy with poor prognosis. Patients
with intracranial tumors are at greater risk for thrombotic
complications and intracranial hemorrhage. Rivaroxaban
is a potent oral anticoagulant with the high selectivity of
direct factor Xa inhibition. The incidence and severity
of rivaroxaban-triggered intratumoral hemorrhage (ITH)
in patients with BMs remain unknown. A 57-year-old
woman was diagnosed with multiple lung, bone, and
BMs from unknown primary cancer origin, and refused
any invasive procedures to conﬁrm tumor pathology.
However, this patient had a relatively favorable outcome
after treating with cabozantinib, an inhibitor of multiple
tyrosine kinases. The patient survived over 2 years and
developed deep vein thrombosis of right lower limb. Oral
rivaroxaban was prescribed, and the multifocal catastrophic ITH was encountered after 1 week. The last
head computed tomography imaging revealed a rare
but typical image of diﬀuse hemorrhagic metastases.
Hemorrhagic-prone BMs, therapeutic rivaroxaban, and
cabozantinib treatment increase risks to develop ITH. In
this case rivaroxaban was the trigger to this terminal
event. This case is a miserable lesson and keeps reminding
us to stay vigilant in clinical practice even when there is a
potential beneﬁt for anticoagulation in such population.
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1 Introduction
Metastatic brain tumor is the hallmark of disseminated
end stage disease condition in patients with cancers. At
this stage, patients are prone to venous thromboembolism (VTE) and intratumoral hemorrhage (ITH) [1–3]. The
spontaneous hemorrhagic potential of brain metastases
(BMs) contraindicates the routine use of anticoagulants
for VTE treatment and prophylaxis. However, increasing
evidence suggests no harm of therapeutic anticoagulants
and guides the change in recommendation for patients
with BMs [2,4–8]. In this study, we report that a patient
with innumerable BMs from unknown primary site, previously treated with cabozantinib, developed concurrent
multifocal intracerebral hemorrhage after acute treatment of deep vein thrombosis (DVT) by oral rivaroxaban.
As far as our concern, the understanding of rivaroxabanassociated ITH is relatively limited in patients with BMs,
and the unique clinical presentation of this case may
contribute to further understanding of this situation.
We provided the timeline for disease progression and
reviewed literature for the possible risk factors (Figure 1a).

2 Case presentation
A 57-year-old woman was diagnosed with multiple lung,
bone, and BMs from unknown primary cancer origin by a
cancer center and refused any invasive procedures to
conﬁrm tumor pathology. No other medical history had
been recorded. As a compromise, the patient agreed to
receive a liquid biopsy, which conﬁrmed a CCDC6-RET
rearrangement in circulating tumor DNA. An oncologist
recommended the regimen of whole brain radiotherapy
(WBT) in combination with targeted therapy to control
systemic disease progression. However, WBT was denied
by the patient herself and family because of the concern
of neurological complications in exposing to radiation, even though the probable survival beneﬁt was
repeatedly emphasized. Targeted therapy was the only
acceptable therapeutic option, and the treatment began
This work is licensed under the Creative Commons Attribution 4.0
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Figure 1: Timeline of major disease-related events and representative images of head imaging. (a) A schematic timeline displayed the major
events during disease progression. (b) The initial head CT revealed extensive iso-dense and several hyperdense ill-deﬁned masses. (c) CEMRI identiﬁed diﬀuse T1 gadolinium-positive (T1 Gd+) lesions. Several high signals on T1 image indicated ITH, and typically hyperintense
metastases were identiﬁed without signiﬁcant mass eﬀects. (d) There was negative ﬁnding on head CT imaging when the patient was
diagnosed with DVT. (e) The last head CT showed diﬀuse open-ring or hollow circles of hyperintensities with sulci eﬀacement, compatible
with diﬀuse hemorrhagic metastases. The white arrow pointed to a same hemorrhagic metastasis.

620 

Luyue Chen et al.

with cabozantinib, an oral inhibitor against the tyrosine
kinase domain of CCDC6-RET fusion, at a dosage of 60 mg
daily. The chief complaints of this patient were frequent
fatigue, multiple bone pain, and occasional dizziness. No
neurological deﬁcits were found on the initial physical
examination. After 17 months of medication, the patient
visited our emergency room (ER) for the ﬁrst time and
presented with a 1-month history of gradual neurologic
decline involving confusion, memory loss, and imbalance. A head computed tomography (CT) performed
without the administration of contrast material revealed
extensive iso-dense and several hyperdense ill-deﬁned
mass located supratentorially at the junction of gray
and white matters. Only sporadic minor peritumoral
edema and ITH or calciﬁcation were observed at the
initial CT scan (Figure 1b). The patient was assigned to
an observation room for subsequent contrast-enhanced
magnetic resonance imaging (CE-MRI). After 3 days, a
gadolinium-based CE-MRI was performed, and during
this period, no further deterioration in clinical status
was encountered. Contrasted MRI showed innumerable
avid enhancements of the parenchymal metastases,
which distribute across brain lobes, cerebrum, cerebellum, and brain stem. Sporadic hemorrhagic other
than calciﬁed metastases were conﬁrmed on T1, which
was indicated by intrinsic high signal (Figure 1c). Only
mild peritumoral edema was identiﬁed on T2, and the use
of mannitol or corticosteroids was suspended. As a concern of disease progression at the primary and metastatic
sites, a tissue biopsy and WBT were recommended and
again denied. The patient was then discharged in a week.
After taking cabozantinib for 26 months, this patient was
transferred to our ER in a coma with a Glasgow Coma
Scale score of 3 (E1 V1 M1). This patient had a 7-day
history of conscious decline and was found to be unresponsive for 2 h. Before 2 weeks, because of a swelling
right lower limb for over 2 months, DVT was diagnosed
at our department of vascular surgery by compression
ultrasonography (CUS). The laboratory test revealed no
coagulopathy, thrombocytopenia, or severe liver/renal
dysfunction. The D-dimer level was 6,950 ng/mL (normal
level: <500). A head CT was scheduled and no hemorrhagic BMs was identiﬁed (Figure 1d). Oral rivaroxaban
was prescribed at an initial treatment dosing of 15 mg
twice a day for 3 weeks. However, after anticoagulation
with rivaroxaban for 7 days, this patient confronted with
a declined consciousness and subsequent comatose, highly
suspected to be the major bleeding complication of intracranial hemorrhage (ICH). Laboratory test revealed the
D-dimer level was 3,620 ng/mL. The prothrombin time

and international normalized ratio were slightly elevated,
and platelet count was normal. The head CT scan conﬁrmed the diagnosis and revealed the extensive but separate foci of intraparenchymal hemorrhage and general
brain swelling (Figure 1e). Based on her previous history
of extensive BMs, the open-ring or hollow circles of hyperintensities which occupied the majority of hemorrhagic
sites were suspected to be hemorrhagic metastases. The
patient developed dyspnea right after the CT scan. However, after discussions with the patient’s family, the goals
of care were shifted toward comfort measures and no intubation was performed.
Consent for publication: Written informed consent for
publication of their clinical details and/or clinical images
was obtained from the daughter of the patient. A copy of
the consent form is available for review by the Editor of
this journal.
Ethics approval and consent to participate: The CARE
guidelines were thoroughly followed to present this case.

3 Discussion
BMs are the most common intracranial tumors, and the
incidence is estimated at least three times the number of
newly diagnosed primary malignant brain tumors [9].
The most frequent primary sites for BMs are lung cancer,
breast cancer, and melanoma, accounting for 67–80% of
all cancers [10,11]. In patients with four or more BMs,
incidence in patients was negatively correlated with the
number of metastases, and only less than 5% of patients
were diagnosed with 10 or more BMs [12]. With regard
to this patient, countless number of BMs is a very rare
performance and passive attitude to receive standard
treatment could exacerbate the disease progression. CCDC6RET rearrangement identiﬁed in circulating tumor DNA
provided an acceptable option of cancer management,
and the patient settled for targeted treatment. Cabozantinib inhibits tyrosine kinase activity of RET, MET, VEGFR1,
etc. and is approved for the treatment of patients with
progressive, metastatic medullary thyroid cancer, advanced
renal cell carcinoma with/without history of anti-angiogenic therapy, and hepatocellular carcinoma [13,14]. Phase
3 clinical trials on cabozantinib have been conducted in
various malignancies but not in primary or secondary brain
tumor. Some sporadic reports showed the potential of cabozantinib in treating BMs. A brief report showed promising
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intracranial activity of cabozantinib in MET-positive lung
cancer with BMs [15]. Another report indicated that cabozantinib was able to reach brain tumors and induce signiﬁcant regression in two patients with radioresistant BMs
from renal cell carcinoma [16]. Therefore, it is likely that
this patient could beneﬁt from cabozantinib treatment at
the primary and metastatic tumors, though histopathology
remains unknown.
Recent advances in chemotherapy and targeted
therapies have signiﬁcantly prolonged the life expectancy in patients with systemic malignancy, but in the
meantime, the lifetime risks to develop BMs and cancerassociated comorbidities increase [17]. Patients with
intracranial tumors are at greater risk for thrombotic
complications and ICH, which accelerates the natural
course to the end-of-life period. Signiﬁcant ICH is reported
to occur in 20–50% of patients with BMs [2]. Therefore
BMs are considered to be a bleeding risk factor and
excluded from most of the selected anticoagulant trials.
Another leading cause of morbidity and mortality in
this population is the thrombotic complications. Active
cancer is a well-established risk factor for DVT and pulmonary embolism, collectively referred to as VTE. Thromboprophylaxis and remedy with anticoagulants may be
oﬀered by clinician to selected high-risk cancer patients
who will inevitably suﬀer from a high rate of VTE recurrence and bleeding complications [4]. A meta-analysis
focused on ICH in patients with brain tumors receiving
therapeutic anticoagulation, and the conclusion is that
no signiﬁcantly increased risk of ICH in patients with
BMs [7]. The safety of long-term anticoagulation in 125
patients with BMs has been reviewed by a retrospective
study, and the result demonstrated that the incidence
of ICH did not increase with the use of anticoagulant
therapy [8]. A matched cohort study on ICH in patients
with BMs treated with therapeutic enoxaparin concluded
that therapeutic anticoagulation in such population did
not increase the risk of ICH, but there was four-fold
higher about the risk of ICH in patients with melanoma
or renal cell carcinoma [2]. The American Society of Clinical Oncology recommends that intracranial malignancy
or BMs should not be regarded as an absolute contraindication for therapeutic anticoagulation [6]. Rivaroxaban
is a potent NOAC with the high selectivity of direct factor
Xa inhibition, and it is recommended in cancer patients
for prevention and treatment of VTE [18]. The EINSTEIN
program demonstrated that a single drug, rivaroxaban,
oﬀered the beneﬁt-to-risk proﬁle of anticoagulation in
the short-term and continued treatment of symptomatic
venous thrombosis [19]. The CASSINI trial provided information regarding the non-superiority in lowering the
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incidence of VTE or death because of VTE in high-risk
ambulatory patients with cancer. However, during the
180-day trial period, rivaroxaban led to a substantially
lower incidence of such events, with a low incidence of
major bleeding [20]. As the aforementioned concern of
anticoagulant-related intracranial bleeding, both trials
exclude patients with BMs and whether these population
with VTE could safely beneﬁt from rivaroxaban treatment
remains to be further investigated.
In our case, the patient received unexpected clinical
beneﬁt from cabozantinib treatment. The patient survived
over 2 years until the presence of catastrophic ITH or ICH.
Prior minor bleeding of BMs, therapeutic anticoagulation, and cabozantinib treatment were possible causes
responsible for the eventual multifocal ICH of this
patient. Up to 50% of patients with BMs suﬀered from
spontaneous ICH [2], and the initial head CT/MRI imaging of this patient had revealed several minor intratumoral bleedings, indicating the high-risk hemorrhagic
potential (Figure 1b and c). Prior hemorrhagic BMs is a
relative contraindication in therapeutic anticoagulation,
while the active major bleeding is a situation in which
anticoagulation should not be given. Therefore after
conﬁrmation of DVT by CUS and signiﬁcantly elevated
D-dimer level, the patient received the second head
CT and no trace of hemorrhage diminished the concern
of hemorrhagic complication of therapeutic rivaroxaban
(Figure 1d). Anticoagulant therapy with NOACs is a
simple regimen for treating acute DVT without the need
for repeated subcutaneous injection and laboratory monitoring. Increasing evidence supports the safety of NOACs
in patients with BMs, without signiﬁcant increase in the
risk of ICH, but the risk of spontaneous ICH can reach as
high as 50% in this population [2,7,8]. The exact incidence of rivaroxaban-associated ICH in patients with
BMs is still unknown, and further clinical studies are
required to ascertain whether the risk of harm associated
with hemorrhagic complications exceeds the potential
beneﬁt from rivaroxaban. Compared with warfarin-associated ICH, relatively smaller volume of hemorrhage, less
chance of hematoma expansion, and more favorable outcomes were found in rivaroxaban-associated ICH [21].
The hemorrhagic features of this patient, small ICH and
no expansion of hematoma, shared the similar features of
rivaroxaban-associated ICH, but the major diﬀerence was
the unfavorable outcome. We suspected that the onset of
ICH occurred within the ﬁrst week of rivaroxaban treatment, and no special attention was paid to the neurological decline of the patient until the sudden loss of
consciousness, which had been 2 weeks after the possible
initial symptomatic ICH. This patient was transferred to
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our ER at a severe condition and received comfort measures after rapid disease exacerbation. Apart from the
two major risk factors of hemorrhage, complication of
cabozantinib regimen should not be ignored. The safety
of cabozantinib has been evaluated by various clinical
trials. However, 3–5% of patients receiving cabozantinib
treatment are at risk of hemorrhagic events [13,14]. A
phase 1 trial of cabozantinib in the newly diagnosed
patients with high-grade gliomas reported that 31% of
patients experienced the grade 3/4 adverse event of
thrombocytopenia. One of the 26 recruited patients
encountered with an adverse event of ICH but do not
require surgical intervention [22]. In addition, cabozantinib and rivaroxaban are both substrates of CYP3A4 and
P-gp, two important factors in drug metabolism [13,14,23].
It is unclear whether the coexistence of both drugs posts
any impact on a single drug exposure, increasing the
possibility of hemorrhagic complications. It is believed
that the oral rivaroxaban may trigger the diﬀuse hemorrhagic transformation of BMs in this patient, and, to
some extent, diﬀuse hemorrhage-prone BMs and cabozantinib treatment may also contribute to this malignant
transformation.
Emerging evidence supports the use of therapeutic
anticoagulants in patients with BMs. Because of the miserable prognosis of anticoagulant-associated ICH, more
studies with a greater sample size should be performed to
address concerns and guide decisions in clinical practice.
Besides, sporadic case reports will also provide novel
insights for patient stratiﬁcation. Clinical characteristics
on those patients with severe adverse events will help to
identify stratiﬁcation factors for absolute contraindications for anticoagulation. Therefore, it is recommended
that clinicians should still be vigilant to balance the
desirable and undesirable eﬀects in this setting.
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