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Letter to the Editor

Different Thrombus Histology in a Cancer Patient
with Deep Vein Thrombosis and Recurrent Strokes
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“Department of Neurology, Yonsei University College of Medicine, Seoul, Korea
*Integrative Research Center for Cerebrovascular and Cardiovascular Diseases, Yonsei University College of Medicine, Seoul, Korea
‘Graduate School of Medical Science, Brain Korea 21 Project, Yonsei University College of Medicine, Seoul, Korea

Dear Sir:

Cancer can cause arterial and venous thrombosis, and
hypercoagulability has been suggested as the main cause of
cancer-associated venous thrombosis. As arterial thrombosis
may also be associated with hypercoagulability, guidelines rec-
ommend anticoagulation to prevent arterial thrombosis in pa-
tients with cancer.' However, histological studies of fresh
thrombi retrieved from the cerebral arteries of acute stroke pa-
tients with cancer during mechanical thrombectomy indicate
that thrombi are platelet-rich.** Moreover, it remains uncertain
whether hypercoagulability and platelet activation contribute
differently to venous and arterial thrombosis or whether it is a
patient-specific feature.

We report the histological findings of fresh thrombi obtained
from a patient with cancer who developed four stroke events
and deep vein thrombosis. This study was approved by the In-
stitutional Review Board of Yonsei University Health System
(No. 2017-0904-001). The patient provided informed consent
for the use of thrombi for research. A 73-year-old woman with
metastatic gastric cancer presented with aphasia and right-
side weakness to the emergency department. Computed tomo-
graphic angiography revealed occlusion of the left middle ce-
rebral artery (MCA). The artery was successfully recanalized by
mechanical thrombectomy. On day 7, the patient developed re-
current stroke with right MCA occlusion and bilateral renal in-
farctions. The occluded MCA was recanalized by mechanical
thrombectomy. On day 9, she experienced pain in her left leg
with edema. Computed tomographic angiography showed left
common iliac vein occlusion. The vein was recanalized by me-
chanical thrombectomy and stenting. On days 17 and 18, she
developed occlusions of the right MCA and left MCA, respec-

tively, which were recanalized by mechanical thrombectomy
(Figure 1). At every stroke or venous thrombosis event, the pa-
tient was administered anticoagulants (enoxaparin, apixaban,
or dabigatran) or antiplatelet agents (aspirin and clopidogrel)
or both.

The patient had no vascular risk factors and no evidence of
atherosclerosis. On day 3, transesophageal echocardiography
revealed a small patent foramen ovale (PFO), while transtho-
racic echocardiography was unremarkable. Follow-up trans-
thoracic echocardiography on day 23 showed moderate mitral
regurgitation due to thickened mitral valve and prolaptic mo-
tion of the anteromedial valve.

Thrombi were obtained during each thrombectomy. All
thrombi from the cerebral arteries were grossly white, while

Figure 1. Angiography images acquired before and after mechanical
thrombectomy at (A) first stroke, (B) second stroke, (C) deep vein thrombo-
sis, (D) third stroke, and (E) fourth stroke. Occlusion in the middle cerebral
arteries was successfully recanalized in all cases. Occlusion of the iliac vein
was successfully recanalized with thrombectomy and stenting. Empty ar-
row heads indicate the site of occlusion.
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those from the common iliac vein were red (Figure 2 and Sup-
plementary Figure 1). Immunohistochemistry was performed
using anti-CD42b (ab134087, 1:100, Abcam, Cambridge, UK)
for platelets, anti-fibrinogen (ab34269, 1:200, Abcam) for fi-
brin/fibrinogen, and anti-glycophorin A (ab129024, 1:400, Ab-
cam) for erythrocytes. Briefly, 4-pum-thick tissue sections were
subjected to antigen retrieval using the IHC-Tek epitope re-
trieval solution and a steamer (IHC World, Woodstock, MD,
USA), except for anti-CD42b. Sections were incubated over-
night with primary antibodies at 4°C. After the secondary anti-
body reaction with an avidin-biotin-horseradish peroxidase
complex (Vector Laboratories Ltd., Peterborough, UK), the color
of the positive signals was developed by incubating the slides
with a 3,3'-diaminobenzidine solution. After counterstaining
with hematoxylin, the slides were mounted with Permount
Mounting Medium (Fisher Scientific, Fair Lawn, NJ, USA). De-
tails of the imaging analysis is discussed in Supplementary
Methods. All four arterial thrombi had high platelet (55.2% to
72.6%) and fibrin (32.8% to 49.7%) fractions and very low
erythrocyte fractions (0% to 0.2%). However, the venous
thrombus had high erythrocyte (50.2%) and fibrin (49.2%)
fractions and a very low platelet fraction (3.0%) (Figure 2 and
Supplementary Figure 1). All arterial thrombi obtained from
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Gross and immunohistochemical findings of the arterial and ve-
nous thrombi. Thrombi from the cerebral arteries are white, while those
from the vein are red. Arterial thrombi show the highest fraction of plate-
let, followed by fibrin. Few red blood cells are seen in the arterial thrombi.
Venous thrombus shows high fractions of red blood cells and fibrin, and
very low platelet fraction. Representative larger immunohistochemistry im-
ages are available in Supplementary Figure 1. The method of virtual slice
acquisition and imaging analysis is discussed in Supplementary Methods.
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four separate stroke events were platelet-rich and erythro-
cyte-poor, while the venous thrombi were erythrocyte-rich and
platelet-poor.

No obvious etiology of the stroke was found in this patient.
Cryptogenic stroke is common in patients with systemic cancer
in that the mechanism was cryptogenic in approximately 50%
of stroke patients with active cancer.* Common possible under-
lying mechanisms include cerebral intravascular coagulation,
nonbacterial thrombotic endocarditis (NBTE), and paradoxical
embolism.’ PFO is a common cardiac abnormality found in ap-
proximately 25% of the general population and 45% of the
patients with cryptogenic stroke.’ In this case, the PFO was de-
tected on echocardiography, but paradoxical embolism from
pre-existing venous thrombi is unlikely because histological
findings of the arterial thrombi were different from those of
venous thrombi in this patient. Our findings indicate that the
presence of PFO and coexisting venous thrombosis in cancer
patients with cryptogenic stroke does not necessarily indicate
that paradoxical embolism from venous thrombosis is the
cause of stroke.

Although definite vegetation was not detected by echocardi-
ography, we surmise that recurrent arterial thromboembolism
in our patient may be associated with NBTE because of (1) mi-
tral valve abnormalities on echocardiography; (2) similar histo-
logical features of the arterial thrombi to those previously re-
ported in NBTE;” (3) recurrent stroke common in patients with
NBTE;” and (4) frequent detection of NBTE on autopsy which
was undetected on echocardiography.

Our findings indicate that arterial and venous thrombi pa-
thology differs, even within the same patient. Tumor cells acti-
vate platelets and induce tumor platelet aggregates.’ Platelets
are essential for the survival of tumor cells in circulation and
metastasis, and those around tumor cells form a physical
shield, protecting tumor cells from recognition and lysis by
natural killer cells and shear-induced damage.

Platelets also facilitate tumor arrest at the endothelium.’ It
is uncertain why platelet-rich thrombi (vegetation) are formed
at the cardiac valve in cancer. However, a high shear stress ac-
tivates the von Willebrand factor, which once activated inter-
acts with platelets and mediates their adhesion to the endo-
thelium. As blood flow is very fast across the cardiac valve
leaflets, tumor platelet aggregates or tumor cell-activated
platelets might more easily arrest the cardiac valve and form
platelet-rich cardiac vegetation, explaining the exclusive de-
velopment of NBTE in patients with metastatic cancer.” Tumor
cells express high levels of tissue factor and promote thrombin
generation,'® which may further enhance platelet and fi-
brin-rich cardiac vegetation. In the venous system where blood
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flow is slow, excessive thrombin generation and fibrin clot for-
mation can lead to erythrocyte-and fibrin-rich thrombi (Sup-
plementary Figure 2).

Arterial thrombosis frequently recurred in this patient de-
spite treatment with various anticoagulants or antiplatelet
agents, or both. Recurrent stroke is prevalent in patients with
NBTE, 50% of patients within a few months after the initial
event.” Thus, different therapeutic strategies may be necessary
for effective prevention. Large randomized trials are required to
determine the optimal preventive strategy in patients with
cancer-associated stroke. Inhibition of both platelet aggrega-
tion and coagulation cascade may be considered for selected
cancer patients with coexisting arterial and venous thrombosis.

Supplementary materials

Supplementary materials related to this article can be found
online at https://doi.org/10.5853/j0s.2021.04140.
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Supplementary Methods

Images of stained thrombi were acquired using a Stereo Inves-
tigator Imaging System (MBF Bioscience, Williston, VT, USA)
equipped with a light microscope (Axio Imager D2, Carl Zeiss
Co. Ltd., Jena, Germany). First, a contour was manually drawn
to encircle the entire thrombus at low magnification (50x).
Then, the image was acquired using the Virtual Slice module at
a higher magpnification (200x). The virtual slice module uses a
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motorized stage to automatically collect a series of contiguous
images of a specimen and merge them into a single image
montage of the entire thrombus.

Imaging analysis was performed semi-automatically using
the color deconvolution program in Imagel. The pixel density
was determined at a threshold value of 160 for all the mea-
surements. Then, the fraction (%) of each component (plate-
lets, erythrocytes, and fibrin) was calculated as the pixel densi-
ty percentage of the entire thrombus area.

http://j-stroke.org 1



JoS

3rd Stroke

Erythrocyte

Platelet P T

Sun et al.  Histology of Arterial and Venous Thrombi in Cancer

DVT

Erythrocyte

Platelet

Fibrin - -

Supplementary Figure 1. A representative immunohistochemistry of arterial and venous thrombi. DVT, deep vein thrombosis.
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Supplementary Figure 2. A diagram showing the mechanism of arterial and venous thrombosis in cancer. TF, tissue factor; vVWF, von Willebrand factor.
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