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Abstract 

Various cancer types have been associated with cancer-related cerebral infarction. In this study, we 
describe the first case of cancer-related cerebral infarction in which the underlying disease was primary 
bone marrow lymphoma (PBML). A 79-year-old man presented with abruptly developed bilateral lower 
extremity weakness and confusion. Diffusion-weighted imaging on admission showed multiple cortical 
and subcortical embolic infarction lesions in multiple vascular territories. Diagnostic evaluations to 
determine the embolic source revealed no abnormalities. Laboratory testing demonstrated elevated 
D-dimer (2.59 μg/mL) but no other prothrombotic abnormalities. In suspicion of cancer-related stroke, 
we performed chest CT, abdomen CT, and FDG-PET to detect the hidden malignancy. Findings 
revealed no evidence of cancer; however, they did reveal signs of anemia (hemoglobin 9.0 g/dL). 
Bone marrow aspiration biopsy showed large atypical B cell involvement suggestive of high-grade B 
cell lymphoma. The patient was diagnosed with primary bone marrow diffuse large B-cell lymphoma 
initially presenting with ischemic stroke. Our case suggests that primary bone marrow cancer may be a 
candidate for the differential diagnosis of hidden malignancy in patients with suspected cancer-related 
stroke. Bone marrow biopsy may be essential for establishing an appropriate differential diagnosis in 
patients with abnormal hematologic findings. 
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of anti-thrombotic, such as anticoagulants or 
antiplatelets, is considered important to prevent 
recurrence of cerebral infarction, but there are 
no definitive guidelines. The co-morbidities 
and condition of patients should determine the 
treatment strategy for cancer-related stroke. 
Early recognition of underlying cancer and stroke 
mechanism is crucial in guiding the extent of 
investigation and management of stroke.
	 Sometimes ischemic stroke occurs as the first 
clinical manifestation of cancer.4 It is essential to 
search for hidden malignancy in acute cryptogenic 
stroke patients with distinctive characteristics 
of the cancer-related mechanism. However, in 
cases of cancer with low incidence, general 
screening tests may be insufficient to diagnose 
occult disease. Here we report the first case of 
stroke as an initial manifestation of primary bone 
marrow lymphoma (PBML) identified only by 
bone marrow biopsy.

INTRODUCTION

Active systemic cancer increases the risk of 
stroke.1 The prevalence of cerebrovascular disease 
is as high as 7.4% in patients with cancer.2 The 
exact mechanism of increased risk of cerebral 
infarction in cancer patients is uncertain and 
likely a combination of multiple factors.1 
Plausible mechanisms include hypercoagulability, 
nonbacterial thrombotic endocarditis (NBTE), 
tumor embolism, paradoxical embolism through 
the right-to-left shunt, and direct compression of 
a cerebral artery by the tumor. 
	 Overall survival after stroke is poor in patients 
with cancer. Predictors of mortality in cancer-
associated stroke include systemic metastases, 
lung cancer, cryptogenic mechanisms, and 
elevated D-dimer level.1 Patients with cancer-
related stroke have a higher risk of stroke 
recurrence than in general stroke population, even 
though life expectancies are short.3 Treatment 
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CASE REPORT

A 79-year-old man presented with abruptly 
developed bilateral lower extremity weakness 
and confusion. Diffusion-weighted imaging 
on admission showed multiple cortical and 
subcortical acute ischemic lesions that involved 
multiple vascular territories (Figure 1). Magnetic 
resonance angiography and computed tomography 
(CT) angiography demonstrated normal findings 
for both the intracranial and extracranial arteries. 
Diagnostic evaluations to find an embolic 
source, including electrocardiography and 
echocardiography, yielded no abnormalities. 
Laboratory testing demonstrated elevated 
D-dimer (2.59 μg/mL) but no other prothrombotic 
abnormalities. In peripheral blood testing, 
leukocyte count was 4,080/mm3, hemoglobin level 
was 9.0 g/dL, and platelet count was 134,000/
mm3, while normal rages of mean cell volume 
and mean cell hemoglobin were observed during 
initial testing. 

	 Cancer-related cerebral infarction was 
suspected based on the patient’s ischemic lesion 
distribution and abnormal laboratory findings. 
However, chest CT and abdominal CT showed 
no evidence of cancer and only pulmonary 
thromboembolism was confirmed on chest CT. 
Whole-body 18F-fludeoxyglucose (FDG) positron 
emission tomography (PET) was performed to 
detect hidden malignancy. The PET scan showed 
increased diffuse uptake of FDG in both humeri 
and femurs, suggesting a reactive inflammatory 
change. There was no evidence of abnormal 
hypermetabolic lesion suggesting malignancy. 
	 To specify the etiology of anemia, an 
esophagogastroscopy and colonoscopy were 
performed. However, no active bleeding lesions 
or cancer were observed. Initial peripheral blood 
smear showed mild anisocytosis without any 
other hematologic abnormal findings. Follow-up 
laboratory testing revealed the presence of anemia 
(hemoglobin 7.5g/dL) and mild agglutination. 
Both direct and indirect Coomb’s tests showed 

Figure. 1.	 Cerebral infarction lesion and histologic features of diffuse large B cell lymphoma in the bone marrow. 
(A) Diffusion-weighted imaging showed multiple embolic ischemic lesions involving multiple territories. 
(B) Bone marrow biopsy showed multiple lymphocytes. (Hematoxylin & Eosin [H&E] stain, ×100). 
(C) Bone H&E × 400. (D) Immunohistochemical staining was positive for CD20 and consistent with 
B-cell lymphoma. 
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positive results. Autoimmune hemolytic anemia 
or related conditions were suspected. 
	 Bone marrow aspiration biopsy showed large 
atypical B cell involvement suggesting high-grade 
B cell lymphoma. Immunohistochemical studies 
revealed that the neoplastic cells were positive for 
CD20 (Fig. 1). Morphologic features, together with 
immunohistochemical results, were consistent 
with diffuse large B-cell lymphoma. Given the 
absence of systemic involvement or other solid 
masses, the patient was diagnosed with primary 
bone marrow lymphoma presenting with acute 
ischemic stroke. Subsequently, he was treated 
with R-CHOP (rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone) therapy. 
Following two months of chemotherapy, the 
patient’s clinical manifestation and abnormal 
laboratory findings resolved.

DISCUSSION

Our patient presented with multiple ischemic 
lesions involving multiple vascular territories, 
laboratory testing demonstrated elevated D-dimer 
only. A previous study demonstrated that elevated 
D-dimer levels in conjunction with multiple 
embolic lesion patterns could be used as a 
predicting marker for occult cancer in a patient 
with cryptogenic cerebral infarction.4 D-dimer 
is the degradation product of cross-linked fibrin 
that is formed by coagulation system activation. 
Evidence indicates that the level of D-dimer 
correlates with advanced cancer stage, progression 
rate and survival in patients with cancer.5,6 The 
plasma D-dimer concentration, a marker of 
hypercoagulability, is associated with cryptogenic 
embolic mechanism and embolic signal on 
transcranial Doppler in a patient with cancer-
related ischemic stroke.7 High D-dimer levels may 
be predictive of early neurological deterioration 
and death in cancer-associated stroke.6,8 A study 
showed that D-dimer levels dramatically reduced 
during anticoagulation therapy, which can also be 
used to determine the effectiveness of treatment.7 
Furthermore, D-dimer measurements might be 
useful for finding underlying cancer-related 
hypercoagulability mechanism in cryptogenic 
stroke patients.4 Based on these findings, clinicians 
agreed to perform a screening test to find hidden 
primary malignancy if the patient demonstrates a 
distinctive D-dimer elevation and characteristic 
infarction lesion pattern in cryptogenic cerebral 
infarction. 
	 Screening for a hidden malignancy involves 
chest and abdominal CT, gastrointestinal 
endoscopy, and PET CT, as adenocarcinoma 

is the most common pathology in cancer-
related ischemic stroke.9,10 In addition to a solid 
tumor, cerebral infarction was also reported in 
hematologic malignancy such as leukemia or 
systemic lymphoma. However, there was no report 
of cerebral infarction associated with isolated 
bone marrow malignancy.
	 PBML is an extremely rare disease and
< 50 cases have been previously reported in the 
literature.11 It is challenging to diagnose or suspect 
PBML due to its vague clinical manifestation 
and the absence of solid mass lesions. In 
previous reports, hematologic abnormalities 
including anemia were frequently associated with 
PBML, but there was no report of thrombosis.12 
In this study, it was difficult to identify the 
mechanism of cerebral infarction or pulmonary 
thromboembolism in the patient. Tissue factors 
derived from abnormal cells or endothelium might 
lead to a hypercoagulable state similar to other 
hematologic malignancies.1 NBTE associated 
with hypercoagulability should be considered as 
a source of embolism in our patient. NBTE is 
defined as non-infectious, sterile cardiac valvular 
platelet-thrombin vegetations with negative blood 
cultures. In our case, echocardiography did not 
confirm vegetation, but NBTE would not be 
excluded due to the high false-negative rate.13

	 Our case suggests that primary bone marrow 
cancer, although rare, should be considered for 
differential diagnosis of hidden malignancy in 
patients with suspected cancer-related stroke. 
Bone marrow biopsy may be essential for 
establishing an appropriate differential diagnosis 
in patients with abnormal hematologic findings. 
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