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CLINICAL AND POPULATION STUDIES

Histopathological Features of Cancer-Associated 
Venous Thromboembolism: Presence of 
Intrathrombus Cancer Cells and Prothrombotic 
Factors
Toshihiro Gi (魏 峻洸) , Aya Kuwahara (桑原 彩), Atsushi Yamashita (山下 篤) , Shuntaro Matsuda (松田 俊太郎),  
Kazunari Maekawa (前川 和也) , Sayaka Moriguchi-Goto (盛口 淸香), Yuichiro Sato (佐藤 勇一郎) , Yujiro Asada (浅田 祐士郎)

BACKGROUND: Cancer-associated venous thromboembolism (VTE) is a critical complication in patients with cancer. However, 
the pathological findings of VTE are limited. Here, we investigated the histopathological features of cancer-associated VTE 
in human autopsy cases.

METHODS: We clinically examined the autopsy cases of VTE with (n=114) and without cancer (n=66) and immunohistochemically 
analyzed the expression of prothrombotic factors in intrathrombus cancer cells, the thrombus contents of erythrocytes, fibrin, 
platelets, citrullinated histone H3, and degree of organization.

RESULTS: Vascular wall invasion or small cell clusters of cancer cells was observed in thrombi in 27.5% of deep vein thrombosis 
and 25.9% of pulmonary embolism cases. The majority of the cancer cells in deep vein thrombi appeared to be invading the 
vessel wall, whereas the majority of pulmonary thrombi had cancer cell clusters, consistent with embolization via blood flow. 
These cancer cells were immunohistochemically positive for TF (tissue factors) or podoplanin in up to 88% of VTE cases. 
The frequency of TF-positive monocyte/macrophages in thrombi was higher in cancer-associated VTE than that in VTE 
without cancer. Citrullinated histone H3 was predominantly observed in the early stages of organizing thrombi. There was no 
significant difference in thrombus components between VTE with cancer and without cancer groups.

CONCLUSIONS: Vascular wall invasion or cancer cell clusters in thrombi might influence thrombogenesis of cancer-associated 
VTE. TF and podoplanin in cancer cells and in monocyte/macrophages may induce coagulation reactions and platelet 
aggregation. Neutrophil extracellular traps may play a role in the early stages of VTE, regardless of cancer status.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words:  carcinoma ◼ extracellular traps ◼ fibrin ◼ pathology ◼ platelet aggregation ◼ tissue factor ◼ venous thromboembolism

Cancer-associated venous thromboembolism (VTE) is 
a critical complication affecting mortality in patients 
with cancer.1,2 Patients with cancer-related venous 

thrombosis have a 30-fold increased risk of death during 
follow-up compared with disease-free subjects.2 Among 
patients with pancreatic cancer, the median overall survival 
of patients estimated after VTE was 5.5 months, compared 

with 13.4 months in patients without VTE.3 Primary organs 
and histological types of cancer likely affect the under-
lying mechanisms of cancer-associated VTE.4–6 Cancer 
cells are associated with the development of VTE by local 
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venous stasis and the release of various prothrombotic 
factors, such as mucin, TF (tissue factor), podoplanin, plas-
minogen activator inhibitor-1 (PAI-1), cytokines, and other 
procoagulant substances.3,5–9 In addition, previous studies 
have reported that cancer cells promote venous thrombus 
formation and stability via cancer cell-derived microves-
icles, cell-free DNA or DAMPs (damage-associated 
molecular patterns) from cancer cells, and NETs (neutro-
phil extracellular traps).7,10,11 These molecules contribute to 
the activation of coagulation via TF, factor X, and factor XII, 
in addition to platelet aggregation via histone and C-type 
lectin receptor 2.7,10–13 Several previous studies have sug-
gested the histopathological expression of procoagulant 
factors in human cancer tissue and its association with 
VTE.14–17 Several autopsy studies of cancer-associated 
VTE4,18,19 have been previously reported. However, there is 
no pathological evidence that cancer cells directly contrib-
ute to cancer-associated VTE. Thus, whether cancer cells 
are present in VTE, express thrombogenic factors, and 
their effect on thrombus components remains unknown. 
This study aimed to investigate the histopathological fea-
tures of cancer-associated VTE in human autopsy cases.

MATERIALS AND METHODS
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Selection of Cancer-Associated VTE Cases
This retrospective study was approved by the Ethics Committee of 
the University of Miyazaki approved (protocol number: O-0681). 
The study design is summarized in Figure S1. First, we selected 
VTE cases (n=180) and detected deep vein thrombosis (DVT) 
or pulmonary embolism (PE) in post-mortem observations based 
on the autopsy records of consecutive cases at the University of 
Miyazaki Hospital between 1977 and 2019 (n=2564). We sepa-
rated these VTE cases into VTE without cancer (n=66) and can-
cer-associated VTE (n=114), analyzed the clinicopathological 
backgrounds of each group, and examined the primary organs 

and histological types of cancers in the latter group. Second, we 
investigated the histopathological findings in available hematoxy-
lin and eosin (HE)–stained VTE specimens from each group (65 
and 109 specimens, respectively). Finally, we performed immu-
nohistochemistry with paraffin-embedded VTE tissue blocks (55 
and 79 specimens, respectively). We selected the largest DVT or 
PE as representative specimens when several thrombotic speci-
mens were available for the same case.

Histological Analysis With HE-Stained Sections
All the VTE specimens were fixed in 20–30% formaldehyde, 
embedded in paraffin, and cut into 2.5-μm thick sections. Paraffin 
sections of thrombi were stained with HE. The sizes of the 
thrombi (DVT and PE) were measured in sections under a micro-
scope using NIS-Element-D 3.2 image analysis software (Nikon, 
Tokyo, Japan). When >1 DVT or PE thrombus sections were 
obtained from the same case, we selected the largest thrombus 
section to minimize histological heterogeneity. All specimens of 
DVT and PE contained adjacent veins and pulmonary arteries, 
respectively. The sites of PE thrombi were classified into central 
or peripheral levels according to the accompanying bronchi or 
bronchioles, respectively. We classified the degree of neutrophil 
infiltration into semiquantitative categories: grade (G) 0 (none), 
G1 (<5% per total thrombus area), G2 (5%–30%), and G3 
(<30%; Figure S2A). We further examined the presence of lytic 
changes in neutrophils and the organization of thrombi.20–22 Lytic 
changes in neutrophils were defined as loss of cellular morphol-
ogy, karyolysis, or nuclear fragmentation (Figure S2B).21,23 The 
organization of thrombi was defined based on the following find-
ings: proliferation of the endothelium, proliferation of fibroblasts, 
collagen deposition, and hemosiderin deposition22 (Figure S2C 
through S2F). The area of these organizing processes per total 
thrombus area was classified into semiquantitative categories: 
G0 (none), G1 (<33% per total thrombus area), G2 (33%–
66%), and G3 (>66%). These histological examinations were 
performed using a blinded experimental design. VTE sections 
from the cancer-associated group were examined for the pres-
ence of cancer cells and necrotic changes.

Nonstandard Abbreviations and Acronyms

Cit-H3	 citrullinated histone H3
CK	 cytokeratin
DAMPs	 damage-associated molecular patterns
DVT	 deep vein thrombosis
GPIIb/IIIa	 glycoprotein IIb/IIIa
HE	 hematoxylin and eosin
NETs	 neutrophil extracellular traps
PAI-1	 plasminogen activator inhibitor-1
PE	 pulmonary embolism
TF	 tissue factor
tPA	 tissue-type plasminogen activator
VTE	 venous thromboembolism

Highlights

•	 Autopsy cases of cancer-associated venous throm-
boembolism showed the presence of cancer cells 
in thrombi with a direct invasive or small cluster 
pattern.

•	 Cancer cells in thrombi frequently showed immuno-
histochemical expression of tissue factor or podo-
planin and necrosis with platelet aggregation and 
fibrin formation.

•	 The frequency of tissue factor–positive monocyte/
macrophages in thrombi was higher in cancer-asso-
ciated venous thromboembolism than in venous 
thromboembolism without cancer.

•	 Neutrophil extracellular traps in the thrombi were 
related to the early phase of the thrombus-organiz-
ing process, regardless of whether patients were in 
a cancer-bearing state.
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Immunohistochemistry and 
Immunofluorescence of VTE Tissue
In this immunohistochemical study, we focused on epithelial 
malignancies (carcinomas). We excluded lymphoma from fur-
ther analysis because lymphomas (nonepithelial malignan-
cies) have different growth patterns and biological behaviors 
compared with carcinomas. The paraffin sections of thrombi 
were stained for glycophorin A (erythrocyte marker, mouse 
monoclonal, clone JC159; DAKO, Glostrup, Denmark), plate-
let GP (glycoprotein) IIb/IIIa (platelet marker, sheep poly-
clonal; Affinity Biologicals, Inc, Hamilton, CA), fibrin (mouse 
monoclonal, clone 59D8; EMD Millipore Corp., Burlington, 
MA), Cit-H3 (citrullinated histone H3)24 (NET marker, rabbit 
polyclonal; Abcam, Cambridge, MA), and pan-CK (cytokera-
tin; epithelial marker, mouse monoclonal, Abcam), TF (mouse 
monoclonal, clone H-9; Santa Cruz Biotechnology, Inc., Dallas, 
TX), and podoplanin (mouse monoclonal, clone D2-40; DAKO). 
Additionally, VTE specimens with intrathrombus cancer cells 
were stained for tPA (tissue-type plasminogen activator; rabbit 
polyclonal; Gene Tex, Irvine, CA) and PAI-1 (rabbit polyclonal; 
Novus Biologicals, Centennial, CO). Consecutive VTE sections 
with cellular positivity for TF or podoplanin were also stained 
for CD163 (monocyte/macrophage marker, rabbit monoclonal; 
clone EPR19518, Abcam). For the VTE specimens with intrath-
rombus cancer cells, we classified the predominant thrombus 
content surrounding intrathrombus cancer cells as follows: 
erythrocyte-rich, fibrin/platelet-rich, and organizing content. 
The detailed primary antibodies used are described in Table 
S1. The sections were stained with EnVision anti-mouse, rab-
bit immunoglobulin (DAKO), or anti-sheep secondary antibody 
(Jackson ImmunoResearch). Horseradish peroxidase activity 
was visualized using 3,3’-diaminobenzidine solution containing 
hydrogen peroxide, and the sections were counterstained with 
Mayer hematoxylin. Immunostaining controls were stained with 
the secondary non-immune mouse, rabbit, or sheep IgG, with-
out primary antibodies.

The specificity of the immunohistochemistry antibodies 
against TF, podoplanin, tPA, and PAI-1 was examined using 
non-neoplastic tissue samples (Figure S3). We confirmed 
immunoreactivity for TF in pancreatic ducts, bronchial epithe-
lium, arterial adventitial cells, and glomerular mesangial cells 
(Figure S3A and B), Additionally, immunoreactivity was evalu-
ated for podoplanin in lymphatic endothelium and basal cells 
in squamous epithelium (Figure S3C). Immunoreactivity was 
examined for tPA in the endothelium and urothelium (Figure 
S3D) and PAI-1 in vascular smooth muscle cells and syncytio-
trophoblasts of the placental villi (Figure S3E). We excluded the 
specimens with inadequate immunopositivity for intrinsic con-
trol cells in the same specimens of VTE tissue (procedure no. 
3 of Figure S1). Representative intrinsic positive control tissue 
samples were as follows: epithelial cells and adventitia of ves-
sels for TF; lymphatic vessels for podoplanin; endothelial cells 
for tPA; and smooth muscle cells of the media of vessels for 
PAI-1 (Figure S3B through S3E).25–28

Areas that were immuno-positive for fibrin, glycophorin 
A, GPIIb/IIIa, and CK were semi-quantified using the Win 
Roof color image analysis software (Mitani, Fukui, Japan).21 
Immuno-positive areas were extracted as green areas using 
specific protocols based on the color parameters of hue, light-
ness, and saturation (Figure S4A through S4D). These areas 

are expressed as the ratio of positively stained areas per total 
thrombus area. Areas that were immuno-positive for Cit-H3 
were expressed as a mean value of the three highest density 
fields under a 20× objective lens. The data showed the ratios 
per the corresponding thrombus area since the immuno-posi-
tive area for Cit-H3 was too small to measure in a low-magni-
fication image. The method used to calculate immuno-positive 
areas was also described in Figure S4. We also examined 
presence or absence of leukocyte lysis in the highest den-
sity area of Cit-H3 with the corresponding HE section. We 
defined cancer cells as those expressing TF, podoplanin, tPA, 
or PAI-1, in which more than 10% of cancer cells showed 
immunopositivity for these proteins.

We performed immunofluorescence to examined TF and 
podoplanin expression in cancer cells and macrophages, 
and Cit-H3 expression in neutrophils in representative VTE 
specimens. VTE sections were stained with anti-CD66b anti-
body (neutrophil marker, mouse monoclonal; clone 6/40c, 
BioLegend, San Diego, CA), anti-Cit H3 antibody (rabbit poly-
clonal, Abcam), anti-TF antibody (mouse monoclonal; clone H-9, 
Santa Cruz Biotechnology), anti-CK antibody (pan-cytokeratin, 
rabbit polyclonal; Abcam) and CD163 (monocyte/macrophage 
marker, rabbit monoclonal; clone EPR19518, Abcam). CF568 
conjugated-donkey anti-mouse IgG (Biotium, Hayward, CA), 
and CF488 conjugated-donkey anti-rabbit IgG (Biotium) were 
used as secondary antibodies. The VTE sections were mounted 
using a 4, 6’-diamidino-2-phenylindole-containing reagent. The 
fluorescent images were captured using a microscope digital 
camera (DP74, Olympus, Tokyo, Japan) and merged using an 
imaging software (cell Sens Standard 2.3, Olympus).

Statistical Analysis
All data are presented as the medians and ranges, in bar 
graphs and dot plots. Differences between individual groups 
were tested as follows: Fisher exact test or the χ2 test for cat-
egorical data, Mann-Whitney U test or Kruskal-Wallis test with 
Dunn multiple comparison test for continuous variables. The 
Mann-Whitney U and Kruskal-Wallis tests were used for com-
parison between 2 groups and among >3 groups, respectively. 
Statistical analyses were performed using GraphPad Prism 
8.43 (GraphPad Software Inc., San Diego, CA). Statistical sig-
nificance was set at P<0.05.

RESULTS
Clinicopathological Characteristics of Cancer-
Associated VTE From the Autopsy Records
Table 1 summarizes the clinicopathological findings of 
VTE cases from the autopsy records (procedure no. 1 
of Figure S1). There were no significant differences in 
age or sex between the VTE without cancer and cancer-
associated VTE groups. Patients in the postoperative 
state reached about 25% of cases in both groups. A his-
tory of chemotherapy or radiation therapy was frequently 
found in the cancer-associated VTE group (55.3% and 
24.6%, respectively). There was one case of chemo-
therapy history in the VTE without cancer group, which 
was treated with methotrexate for rheumatoid arthritis. 
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Clinically diagnosed acute PE accounted for 7.6% of 
the VTE without cancer group and 5.3% of the cancer-
associated VTE group. Pathologically diagnosed PE 
accounted for 62.1% in the VTE without cancer group 
and 70.2% in the cancer-associated VTE groups. The 
frequency of severe infection was significantly higher in 
the VTE without cancer group than that in the cancer-
associated VTE group (56.1% versus 36.8%, P=0.013). 
There were no significant differences in other throm-
botic diseases (disseminated intravascular coagula-
tion, arterial thrombosis, and nonbacterial thrombotic 
endocarditis). These differences were comparable in 
VTE cases assessed with HE staining and immunohis-
tochemistry, except for frequency of arterial thrombo-
sis. Arterial thrombosis was higher in the VTE without 
cancer group than that in the cancer-associated VTE 
groups in cases with immunohistochemical assessment 
(procedure no. 2 and no. 3 in Figure S1; Table S2 and 
S3). In VTE cases without cancer, approximately half of 
the patients had severe systemic infections (Table S4). 
In addition, ≈15% of VTE cases without cancer occurred 
in patients with autoimmune diseases, such as systemic 
sclerosis, rheumatoid arthritis, systemic lupus erythema-
tosus, anti-neutrophil cytoplasmic antibody-related vas-
culitis, and unclassified vasculitis (Table S4). The DVT 
were most commonly located in the iliac and femoral 
veins (51.6%), inferior vena cava (34.4%), cervical vein 
(18.8%), and subclavian vein (17.2%; Table S5).

Table  2 shows the primary organs and histological 
types of cancer-associated VTE. The primary organs of 
the cancers were lung (n=22, 19%), stomach (n=13, 
11%), hematopoietic and lymphoid system (n=12, 11%), 
pancreas (n=11, 10%), colorectal system (n=7, 6%), 
esophagus (n=6, 5%), biliary tract (n=6, 5%) and oth-
ers. Four cases (4%) had multiple primary cancers. The 

Table 1.  Clinicopathological Characteristics in Autopsy Cases With VTE

 Total VTE (n=180) Non-CAT (n=66) CAT (n=114) P value 

Clinical information

  Age, y, median (range) 66 (0–96) 66 (0–89) 66 (9–96) 0.51

  Male, n (%) 103 (57.2) 42 (63.6) 61 (53.5) 0.21

  Postoperative state, n (%)* 45 (25.0) 17 (25.8) 28 (24.6) 0.86

  Chemotherapy, n (%) 64 (35.6) 1 (1.5) 63 (55.3) <0.001

  Radiation therapy, n (%) 28 (15.6) 0 (0) 28 (24.6) <0.001

  Clinical massive PE, n (%) 11 (6.1) 5 (7.6) 6 (5.3) 0.54

Autopsy findings (from autopsy records)

  DVT only, n (%) 59 (32.8) 25 (37.9) 34 (29.8) 0.32

  PE only, n (%) 52 (28.9) 18 (27.3) 34 (29.8) 0.74

  DVT/PE both, n (%) 69 (38.3) 23 (34.8) 46 (40.4) 0.53

  Pulmonary infarction, n (%) 24 (13.3) 8 (12.1) 16 (14.0) 0.82

  Severe infection, n (%)† 79 (43.9) 37 (56.1) 42 (36.8) 0.013

  DAD, n (%) 29 (16.1) 14 (21.2) 15 (13.2) 0.21

  DIC, n (%) 13 (7.2) 4 (6.1) 9 (7.9) 0.77

  Arterial thrombosis, n (%) 38 (21.1) 19 (28.8) 19 (16.7) 0.061

  NBTE, n (%) 30 (16.7) 8 (12.1) 22 (19.3) 0.30

  Affected death by VTE, n (%) 26 (14.4) 10 (15.2) 16 (14.0) 0.83

Analysis with Mann-Whitney U test for age, and Fisher exact test for the others. This population was based on procedure no. 1 
of Figure S1. Non-CAT denotes VTE cases without cancer. CAT indicates cancer-associated VTE; DAD, diffuse alveolar damage; 
DIC, disseminated intravascular coagulation; DVT, deep vein thrombosis; NBTE, nonbacterial thrombotic endocarditis; PE, pulmonary 
embolism; and VTE, venous thromboembolism.

*Postoperative state was defined as recent major surgery for cancer or traumatic disease.
†Severe infection was defined as clinicopathologically diagnosed infectious disease, related to cause of death.

Table 2.  Primary Organs and Histological Types of Cancer-
Associated VTE, n (%)

Primary organ (n=114) Histological type (n=114)

Lung 22 (19.3) Adenocarcinoma 53 (46.5) 

Stomach 13 (11.4) Lymphoma 13 (11.4)

Hematopoietic and 
lymphoid

12 (10.5) Neuroendocrine car-
cinoma

12 (10.5)

Pancreas 11 (9.6) Squamous cell car-
cinoma

11 (9.6)

Colon and rectum 7 (6.1) Malignant melanoma 4 (3.5)

Esophagus 6 (5.3) Carcinosarcoma 3 (2.6)

Biliary tract 6 (5.3) Undifferentiated car-
cinoma

3 (2.6)

Central nerve system 4 (3.5) Others 11 (9.6)

Skin 4 (3.5) Multiple 4 (3.5)

Others 25 (21.9)   

Multiple 4 (3.5)   

This population was based on the procedure no. 1 of Figure S1. VTE indicates 
venous thromboembolism.
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histological cancer types were adenocarcinoma (n=53, 
47%), lymphoma (n=13, 11%), neuroendocrine carci-
noma (n=12, 11%), squamous cell carcinoma (n=11, 
10%), and others.

Histopathological Characteristics of Cancer-
Associated VTE Tissue
Histological sections of cancer-associated VTE revealed 
the presence of cancer cells in thrombi (26.6%, 29/109, 
based on HE-stained sections; procedure no. 2 of Figure 
S1). Cancer cells in the thrombi were observed in 27.5% 
(14/51) of DVT and 25.9% (15/58) of PE. There were 
2 patterns of the presence of cancer cells in the thrombi 
or emboli. The first involved direct vascular wall invasion 
of cancer cells with thrombus formation (Figure  1A). 
The cancer cells directly invaded the venous or pulmo-
nary arterial walls and penetrated the vascular lumen at 
thrombus sites. Another pattern involved the presence of 
small or large clusters of cancer cells in thrombi without 
direct vessel invasion (Figure  1B). Direct invasion pat-
tern accounted for 51.7% of total VTE, 71.4% of DVT, 
and 33.3% of PE with cancer cells (Figure 1C), whereas 
the cancer cell cluster pattern in thrombi accounted for 
48.3% of total VTE, 28.6% of DVT, and 66.7% of PE with 
cancer cells (Figure 1C). There was a significant differ-
ence in the frequency between DVT and PE (P=0.040, 
χ2 test). Some PE cases with cancer cells show small 
tumor emboli with thrombus formation and organization.

Among VTE specimens with CK-immuno-positive 
cancer cells (n=25), the median value of CK-immuno-
positive area was 13.1% per total thrombus area (proce-
dure no. 3 of Figure S1). The CK-immunopositive areas 
did not differ between DVT and PE (P=0.30, Mann-Whit-
ney U test; Figure  1D). Three of the 5 PE cases with 
direct invasion patterns were not accompanied by DVT.

DAMPs can initiate thrombus formation via activation 
of platelets and coagulation factor XII.7,13 We examined 
cancer cell necrosis in VTE and found it in approxi-
mately 40% of DVT and PE (Figure 1E and 1F). There 
was no significant difference in the frequency of can-
cer cell necrosis between DVT and PE (P=0.88, χ2 test). 
The cancer and necrotic cells were surrounded by fibrin 
and GPIIb/IIIa-positive platelets. Fibrin formation was 
also observed in the necrotic area (Figure 1E). Hema-
toxylin-positive nuclei and immunohistochemistry for CK 
highlighted the exposure of nuclear fragments and cyto-
keratin within the thrombi.

Expression of Prothrombotic and Fibrinolytic 
Factors in Cancer Cells in VTE Tissue
Figure  2A through 2D, Figure S5, and Table  3 show 
the expression of prothrombotic and fibrinolytic fac-
tors in cancer cells in the thrombi and thrombus com-
ponents. Cancer cells in thrombi immunohistochemically 

expressed TF, podoplanin, tPA, or PAI-1 (76.0%, 44.0%, 
36.0%, and 20.0%, respectively; Figure 2A and 2C, Fig-
ure S5, and Table 3). Immunofluorescence of represen-
tative specimens showed coexpression of TF and CK 
(Figure 2B) and of podoplanin and CK (Figure 2D) in the 
intrathrombus cancer cells. These data indicate that can-
cer cells express TF and/ or podoplanin in the thrombus.

Cancer cells were accompanied by fibrin/platelet-
rich (21/25, 84%; Figure 2A and 2C), organizing (3/25, 
12%), or erythrocyte-rich content (1/25, 4%). The can-
cer cells in VTE frequently expressed TF or podoplanin 
in any primary organ; however, primary gastric cancer 
showed the lowest frequency of expression of podo-
planin (16.7%, 1/6). All histological types expressed TF, 
with adenocarcinoma (75.0%, 9/12) and squamous cell 
carcinoma (75.0%, 3/4) most frequently expressing TF. 
However, podoplanin expression tended to depend on the 
histological type, and squamous cell carcinoma showed 
consistent expression of podoplanin. Cancer cells in VTE 
expressed tPA in one-third of the cases. Among the his-
tological types, adenocarcinoma frequently expressed 
tPA (41.7%, 5/12). Cancer cells in VTE infrequently 
expressed PAI-1 among all cases (20%, 5/25; Table 3 
and Figure S5).

Thrombus Contents of Cancer-Associated VTE 
and of VTE Without Cancer
Table S6 shows the histopathological characteristics of 
VTE without cancer and cancer-associated VTE, based 
on HE-stained sections. Cancer-associated DVT areas 
(n=51) were significantly larger than those of DVT without 
cancer (n=38; median 14.5 mm2 vs 5.6 mm2, P=0.0010). 
There was no significant difference in PE size between 
the groups; however, PE cases without cancer were sig-
nificantly localized to the central sites of the pulmonary 
artery. The degree of neutrophil infiltration (G0–G3) was 
significantly different between the DVT with and without 
cancer (P=0.0070, χ2 test; Table S6). The predominant 
degree on neutrophilic infiltrate in DVT without cancer 
was G3 (41.2%). Conversely, for cancer-associated DVT 
the degree was G1 (42.1%). Thus, DVT without cancer 
was associated with a high degree of neutrophilic infiltra-
tion. However, there was no difference in the frequency 
of leukocyte lytic changes between groups. VTE tissue 
showed various organizing processes in both groups. In 
particular, endothelial proliferation, fibroblast prolifera-
tion, and hemosiderin deposition were more frequent in 
cancer-associated DVT than in DVT without cancer. In 
contrast, there was no significant difference in the orga-
nization process of PE between the groups.

We immunohistochemically examined the VTE con-
tent of erythrocytes, platelets, and fibrin. Both VTEs with 
and without cancer were immuno-positive for glycopho-
rin A, GPIIb/IIIa, and fibrin (Figure S4 and Figure S6). 
Although the glycophorin A-immuno-positive area in 
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Figure 1. Histopathology of cancer cells in venous thromboembolism (VTE) tissue of autopsy cases.
A, Venous thrombus of inferior vena cava with pancreatic adenocarcinoma. Dashed line indicates the interface between the thrombus (Th) 
and the venous wall (V). The thrombus occupies the venous lumen. Cancer cells, CK (cytokeratin)-positive cells, show direct invasion into the 
thrombus from the venous wall, associated with thrombus formation. B, Pulmonary thrombi with gastric adenocarcinoma. Cancer clusters are 
observed in a variety of sizes. There is no direct cancer invasion from the pulmonary artery (PA). Squares of the upper figures are corresponding 
to the lower figures in high-power fields (A and B). C, Frequency of cancer pattern in cancer-associated VTE tissue with cancer cells (specimen 
n=29). There was a significant difference in the frequency between deep vein thrombosis (DVT) (Continued )
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cancer-associated DVT tended to be larger than that in 
DVT without cancer, there was no significant difference in 
the immuno-positive areas between groups (Figure S6A). 
Platelet and fibrin contents were higher than erythrocyte 
content in any DVT or PE (Figure S6B). There was no 
significant difference in the glycophorin A-, GPIIb/IIIa-, 
fibrin-, and Cit-H3-immunopositive area in VTE among 
the histological types of cancer (adenocarcinoma n=50, 
squamous cell carcinoma n=11, neuroendocrine carci-
noma n=8, and others n=10; P=0.071 for glycophorin A, 
P=0.78 for GPIIb/IIIa, P=0.25 for fibrin, and P=0.23 for 
Cit-H3, Kruskal-Wallis test).

Expression of Prothrombotic Factors in 
Monocyte/Macrophages in VTE Tissue
We also examined the expression of TF and podoplanin 
in non-cancer cells in cancer-associated VTE and VTE 
without cancer. We analyzed immunohistochemical 
localization with consecutive sections: CD163- and TF-
positive cells; and CD163- and podoplanin-positive cells. 
Certain CD163-positive cells expressed TF (Figure S7A) 
or podoplanin (Figure S8A) mainly in the organizing area 
of the thrombi. We also performed immunofluorescence 
in representative specimens to show coexpression of 
CD163 and TF (Figure S7B) and of CD163 and podo-
planin (Figure S8B). The frequency of TF expression in 
CD163-positive cells was higher in the cancer-associ-
ated VTE than that in VTE without cancer (46.8%, 37/79 
versus 16.4%, 9/55, P<0.001, Fisher exact test). The 
frequency of podoplanin expression in CD163-positive 
cells was 1.8% (1/55) and 2.5% (2/79) in the cancer-
associated VTE and VTE without cancer groups, respec-
tively. This difference was not statistically significant 
(P=1.0, Fisher exact test).

Relationships Between Leukocyte Lysis, 
Cit-H3–Positive Cells, and Organization of 
Thrombi
Figure 3A shows that Cit-H3 immunoreaction in the leu-
kocyte lytic area was rich in platelets and fibrin and less 
abundant in erythrocytes. Immunofluorescence images of 
CD66b (a neutrophil marker), Cit-H3, and 4’,6-diamidino-
2-phenylindole (a DNA marker) showed the presence of 
Cit-H3 positive DNA with CD66b in the leukocyte lytic 
area (Figure 3B) but not in the nonlytic fresh area (Fig-
ure 3C). We also examined the presence or absence of 
leukocyte lysis in the highest density area of Cit-H3 with 
the corresponding HE section. Cit-H3 immunopositivity 

was observed in 59.7% (80/134) of the VTE tissue. 
Ninety-five percent (76/80) of the thrombi with Cit-H3–
positive cells corresponded to lytic leukocytes. Only 5% 
(4/80) of the thrombi with Cit-H3–positive cells were 
localized in areas with nonlytic leukocytes.

We also examined the relationship between the Cit H3 
immuno-positive area and the grade of the total throm-
bus organizing area (G1–G3). The Cit-H3 immuno-posi-
tive area was measured in the highest density field under 
high magnification and expressed as a mean value of 
three fields in each VTE. There was no significant differ-
ence in Cit-H3 positive areas between the VTE without 
cancer and cancer-associated VTE, DVT, or PE groups 
(Figure 3D). In addition, the Cit-H3 immunopositive areas 
were larger in the VTE with none (G0) or small organiz-
ing areas (G1) compared with large organized areas (G3; 
Figure 3E). For VTE without cancer, the Cit-H3 immuno-
positive areas were larger in VTE without organizing 
areas (G0) than in those with large organized areas 
(G3; Figure 3E). For cancer-associated VTE, the Cit-H3 
immuno-positive areas were larger in VTE with small 
organizing areas (G1) than in those with large organized 
areas (G3; Figure 3E). Among the low-grade organizing 
VTE (G0 and G1), there was no significant difference in 
the Cit-H3 immuno-positive area between VTE without 
cancer (n=36; median, 0.39; range, 0 to 14.8) and that 
of cancer-associated VTE (n=37; median, 1.5; range, 0 
to 12.3; P=0.36, Mann-Whitney U test).

DISCUSSION
We showed that cancer cells were present in thrombi 
as cancer cell clusters or as direct vascular wall inva-
sion in one-quarter of cancer-associated VTE. Addition-
ally, these cancer cells expressed TF or podoplanin in 
three-fourths or half of the cases, respectively. Cancer-
associated DVT showed a more advanced organization 
process than DVT without cancer. TF-positive mono-
cyte/macrophages in VTE tissue were more frequently 
observed in cancer-associated VTE groups than in VTE 
without cancer. NET formation was predominantly found 
in less-organized VTE tissue and was not affected by the 
cancer-bearing state.

The primary organs of cancer were found to be asso-
ciated with the risk of cancer-associated VTE. In particu-
lar, tumors of the brain, pancreas, kidney, lung, ovary, and 
hematopoietic and lymphoid systems are known to be at 
high risk of VTE.5,29 Similarly, histological types of cancer 
could affect the risk of cancer-associated VTE. For exam-
ple, the results of some cohort studies have indicated 

Figure 1 Continued. and pulmonary embolism (PE; P=0.040, χ2 test). D, CK-positive area per total thrombus area with cancer cells 
(specimen n=25). There was no significant difference between DVT and PE (Mann-Whitney U test). E, Necrosis of cancer cells in pulmonary 
thrombus with gastric adenocarcinoma. Cytoplasmic lysis and nuclear fragmentation indicating necrosis (arrow) in the CK immunopositive 
area adjacent to cancer cells (*). The cancer and necrotic cells are surrounded by fibrin and platelets (GPIIb/IIIa [glycoprotein IIb/IIIa]). Fibrin 
formation is also observed in the necrotic area (arrow). F, Frequency of necrotic changes in VTE tissue with cancer cells (specimen n=29). 
There was no significant difference in the frequency between DVT and PE (P=0.88, χ2 test). HE indicates hematoxylin and eosin.
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that lung adenocarcinoma had a higher risk of VTE than 
squamous cell carcinoma of the lung.4,30,31 We have previ-
ously reported that patients with clear cell carcinoma of 
the ovary had a higher frequency of VTE complications 
than other ovarian carcinomas, in a manner associated 
with TF expression in the surgical cancer tissue.17 In the 
present study, the primary organs of cancer-associated 
VTE were high in the lung, stomach, hematopoietic and 
lymphoid system, and pancreas. Among the histological 
types, approximately half of the cancer-associated VTE 
cases were adenocarcinomas. These results are compa-
rable to those of previous reports.

Little is known about the histopathological findings 
of VTE in patients with cancer. Sakuma et al19 analyzed 

characteristics of cancer-associated PE (n=65 181) 
using a Japanese autopsy record and reported that 
thrombotic PE was recognized in 2.3% of the autopsy 
cases, which tended to be most commonly observed in 
cases of ovarian cancer, hematopoietic malignancy, and 
pancreaticobiliary cancers, and in the histological types 
of large cell carcinoma, leukemia, and adenocarcinoma. 
The authors further reported that pulmonary tumor 
emboli were found in 0.2% of cases and was associ-
ated with cancer invasion into large veins. A Swedish 
population-based autopsy study of patients with can-
cer (n=23 796) reported a PE prevalence of 23% and 
adenocarcinoma was independently associated with 
PE risk.4 However, these 2 studies showed a lack of 

Figure 2. Expression of 
prothrombotic factors of cancer cells 
in venous thromboembolism tissue.
Representative microphotographs of 
cancer cells in a venous thrombus, 
accompanied by TF (tissue factor) 
expression in a case of pancreatic 
adenocarcinoma (A) and in a case 
of gastric adenocarcinoma (B). 
Immunohistochemically, cancer cells in 
thrombi correspond to CK (cytokeratin)-
positive cells (A). Additionally, the 
cancer cells express TF (A). No 
podoplanin is expressed in the cancer 
cells. Immunofluorescence shows 
heterogeneous TF expression in CK-
positive cells (B). (Continued )
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histopathological analysis of VTE. A Dutch autopsy 
study of patients with cancer with PE (n=1191) was 
classified as thrombotic embolism, tumor embolism, 
septic embolism, fat tissue embolism, and bone mar-
row embolism.18 However, the study did not evalu-
ate other thrombus contents and these associations. 
Venous invasion and compression by cancer are con-
sidered factors that influence VTE.32 However, there is 
no pathological evidence that cancer cells are present 
in cancer-associated VTE within human VTE tissue. In 
the present study, direct vascular wall invasion suggests 
that vascular wall damage, endothelial denudation, and 
exposure of thrombogenic vascular surface and can-
cer cells all contribute to venous thrombus initiation. 

Additionally, 60% of cancer-associated PE with cancer 
cell invasion were not accompanied by DVT. These find-
ings imply the presence of cancer-associated pulmo-
nary thrombosis, in addition to PE. Further, circulating 
tumor cells in the blood can play an important role in 
thrombosis.33 Feinauer et al34 reported that circulating 
cancer cells injected into the left cardiac ventricle and 
arrested in brain vessels initiated local thrombus forma-
tion and promoted metastasis in a mouse model. Previ-
ous clinical studies have also indicated that circulating 
tumor cells might indicate an increased risk of VTE in 
patients with breast cancer.35,36 The intrathrombus can-
cer cell clusters may be derived from circulating cancer 
cells and play a role in the initiation or propagation of 

Figure 2 Continued. Representative 
microphotographs of cancer cells in 
a pulmonary thrombus, accompanied 
by podoplanin expression (C and D) 
in a case of cutaneous squamous 
cell carcinoma. The cancer cells are 
highlighted with CK, and diffusely 
expressed podoplanin (C). In contrast, the 
cancer cells weakly and focally expressed 
TF (C). Immunofluorescence shows that 
CK-positive cells are also positive for 
podoplanin (D). In these cases, fibrin 
formation and platelet (glycoprotein [GP] 
IIb/IIIa) aggregation are observed in the 
surrounding cancer cells (A and C). DAPI 
indicates 4’,6-diamidino-2-phenylindole; 
and HE indicates hematoxylin and eosin.
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venous thrombi, in addition to the propagation of a pul-
monary embolus.

TF and podoplanin are associated with the cancer 
microenvironment, invasion, metastasis, and progno-
sis.8,16,37,38 In general, adenocarcinoma and squamous cell 
carcinoma cells tend to express TF and podoplanin, respec-
tively.5,6,39 The present study showed that most cases of 
adenocarcinoma and squamous cell carcinoma express 
TF or podoplanin in VTE. In addition, 25% of adenocar-
cinomas and 75% of squamous cell carcinomas revealed 
coexpression of TF and podoplanin. These cancer nests in 
VTE are surrounded by fibrin and aggregated platelets. In 
addition, nuclear debris and cytoplasmic fragments due to 
cancer cell necrosis have been detected in patients with 
VTE. DAMPs, such as extracellular chromatin, proteins, 
and metabolites, can activate coagulation via factor XII 
and platelet aggregation.12,13 The present study provides 
pathological evidence that cancer cells directly contribute 
to thrombogenesis via thrombogenic factor expression and 
exposure to DAMPs in cancer-associated VTE.

The plasminogen activator system, including tPA, uro-
kinase-plasminogen activator, urokinase-plasminogen 
activator receptor, and PAI-1, plays an important role in 
fibrinolysis, fibrosis, and cancer cell biology.40,41 Among 
patients with pancreatic cancer, patients with high levels 
of serum PAI-1 had poor prognosis, compared with those 
with lower levels.3 In addition, human pancreatic cancer-
bearing mice had higher plasma levels of PAI-1 than con-
trol mice, and this was associated with venous thrombus 
weight.9 However, expression of these factors in human 
cancer-associated VTE tissue remains unknown. In the 
present study, we showed that cancer cells in VTE tissue 
expressed tPA and PAI-1 in various histological types 
of cancer. Pancreatic cancer and adenocarcinoma fre-
quently expressed tPA However, PAI-1 expression was 
less frequent. These results suggest that intrathrombus 

cancer cells affect thrombus formation and organization 
via PAI-1 and tPA.

Monocytes are known as TF-expressing cells under 
cancer-associated states and systemic infective diseases, 
associated with procoagulant activity.42–44 We showed that 
TF-positive monocyte/macrophages were highly frequent 
in cancer-associated VTE tissue compared with VTE tis-
sue without cancer. Among patients with lung cancer, TF 
expression in circulating monocytes of patients with VTE 
was higher than that in patients without VTE.45 Our find-
ings suggest that monocyte/macrophage TF expression 
in thrombi is enhanced in patients with cancer. The higher 
frequency of TF-positive monocytes/macrophages may 
be affected by enhanced organization in cancer-associ-
ated VTE (Table S6) since the number of macrophages 
increased in a time-dependent manner in DVT.20,21

Hisada et al46 reported that the venous thrombi of 
human pancreatic cancer-bearing mice weighed sig-
nificantly more than that of control. Although we did not 
measure the VTE volume in this study, we nevertheless 
showed that the areas of cancer-associated DVT were 
significantly larger than that of patients without cancer. 
These results suggest that cancer-associated states pro-
mote venous thrombi growth. However, there was no dif-
ference in the PE size between groups. Moreover, PE in 
patients with cancer tended to be located in the peripheral 
pulmonary arteries. We observed that some cancer-asso-
ciated PE cases showed multiple small thrombotic emboli 
with or without cancer cells. These findings might explain 
the tendency of PE to be located in the peripheral arteries.

Despite the presence of thrombogenic factor expres-
sion and necrosis in cancer-associated VTE, there 
was no significant difference in the area ratios of the 
erythrocyte, platelet, and fibrin components between 
patients with and without cancer. In this study, patients 
without cancer had various thrombogenic conditions, 

Table 3.  Expression of Prothrombotic Factors of Cancer Cells in VTE Tissue

  Tissue factor Podoplanin 

Tissue factor+podoplanin

tPA PAI-1 Copositive Conegative 

VTE tissue with cancer cell (n=25) 19 (76.0) 11 (44.0) 8 (32.0) 3 (12.0) 9 (36.0) 5 (20.0)

  Primary organs

    Stomach (n=6) 5 (83.3) 1 (16.7) 1 (16.7) 1 (16.7) 1 (16.7) 1 (16.7)

    Lung (n=4) 3 (75.0) 2 (50.0) 2 (50.0) 1 (25.0) 1 (25.0) 1 (25.0)

    Pancreas (n=4) 3 (75.0) 2 (50.0) 1 (25.0) 0 (0) 3 (75.0) 0 (0)

    Thyroid (n=2) 2 (100) 2 (100) 2 (100) 0 (0) 2 (100) 2 (100)

    Skin (n=2) 2 (100) 2 (100) 2 (100) 0 (0) 1 (50.0) 0 (0)

    Others (n=7) 4 (57.1) 3 (42.9) 1 (14.3) 1 (14.3) 1 (14.3) 1 (14.3)

  Histological types

    Adenocarcinoma (n=12) 9 (75.0) 5 (41.7) 3 (25.0) 1 (8.3) 5 (41.7) 2 (16.7)

    Squamous cell carcinoma (n=4) 3 (75.0) 4 (100) 3 (75.0) 0 (0) 1 (25.0) 1 (25.0)

    Neuroendocrine carcinoma (n=2) 1 (50.0) 0 (0) 0 (0) 1 (50.0) 0 (0) 0 (0)

    Others (n=7) 6 (85.7) 2 (28.6) 2 (28.6) 1 (14.3) 3 (42.9) 2 (28.6)

PAI-1 indicates plasminogen activator inhibitor-1; tPA, tissue-type plasminogen activator; and VTE, venous thromboembolism.
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Figure 3. Analysis of NETs (neutrophil extracellular traps) in venous thromboembolism (VTE) tissue.
A, Representative micrographs of Cit-H3 (citrullinated histone H3; as a NET marker) in a venous thrombus. Hematoxylin and eosin 
(HE) staining shows lysis and fragmentation of neutrophil chromatin, corresponding to Cit-H3 expression. The surrounding thrombus is 
composed of fibrin and platelets. Nonlytic neutrophils are immuno-negative for Cit-H3 (arrows). B, Representative immunofluorescence 
images of NETs in VTE tissue. Lytic cells show delobulation and fragmentation of nuclei (4’,6-diamidino-2-phenylindole [DAPI], blue) and 
dispersed CD66b (neutrophil marker, red) immunoreaction. Triple immunofluorescence images reveal the presence of Cit-H3 positive 
(green) DNA (cyan) with CD66b in the lytic area. C, Representative immunofluorescent images of neutrophils without NET formation 
in VTE tissue. This image is obtained from different fields within the same thrombus from B. Nonlytic segmented cells express CD66b 
(neutrophil marker, red). Triple immunofluorescence images reveal the absence of Cit-H3–positive DNA (blue) in the nonlytic area. D, 
Immuno-positive area ratio of Cit-H3 between VTE without cancer (non-CAT) and cancer-associated VTE (CAT). The Mann-Whitney U 
test was used for statistical analysis. E, Immuno-positive area ratio of Cit-H3 between organizing grades (G0–G3) of total VTE, non-
CAT, and CAT. The Kruskal-Wallis test with Dunn multiple comparison test was used for statistical analysis. DVT indicates deep vein 
thrombosis; and PE, pulmonary embolism.



CLINICAL AND POPULATION 
STUDIES - T

Gi et al Histopathology of Cancer-Associated VTE

Arterioscler Thromb Vasc Biol. 2023;43:146–159. DOI: 10.1161/ATVBAHA.122.318463� January 2023    157

including severe infection, postoperative states, and 
systemic autoimmune diseases. Their cancers were het-
erogeneous in terms of the primary organs, histologi-
cal types, thrombogenic factor expression, and history 
of cancer-related therapy. These conditions and situa-
tions may affect thrombus formation and result in a wide 
range of immuno-positive areas for erythrocytes, fibrin, 
and platelets in both the groups. The lack of difference 
among the components in both groups suggests that 
the simultaneous activation of blood coagulation and 
platelet aggregation is a consistent process in VTE for-
mation. A previous study reported that cancer-derived 
TF leads to increased fibrin density in venous thrombi in 
human pancreatic cancer-bearing mice using scanning 
electron microscopy.47 We showed that both non-cancer 
and cancer-associated VTE were composed of various 
phases of cellular and organizing reactions. This finding 
is comparable with previous histopathological studies of 
human VTE.21,48 The evidence suggests that human DVT 
has repeated thrombus formation phases and that the 
mechanisms of thrombus formation differ from those in 
animal models, in which thrombus formation is induced 
with a single artificial initiation.

It has been proposed that cancer-bearing states pro-
mote NET formation, which contributes to cancer-related 
thrombogenicity.11 Mauracher et al49 reported that the 
plasma Cit-H3 level could be used as a predictive marker 
of VTE occurrence in patients with cancer. Mangold et 
al50 reported the presence of NETs in DVT using immuno-
histochemistry for DNA histones. In addition, neutrophils 
and NETs were found to contribute to venous thrombus 
formation in human pancreatic cancer-bearing mice 
but not in control mice.47 In contrast, the present study 
showed a higher degree of neutrophil infiltration in VTE 
without cancer than in cancer-associated VTE, although 
there was no significant difference in NET formation 
between the groups. These results suggest that neu-
trophil numbers do not always reflect NET formation in 
human patients with VTE and that neutrophils in patients 
with cancer may be more prone to NET formation. Half of 
the patients without cancer in this study also had severe 
infectious diseases until shortly before death. There-
fore, inflammatory conditions in these patients might be 
related to a higher infiltration of neutrophils without NET 
formation. NETs were predominantly observed in thrombi 
during the organizing stages rather than in fresh thrombi 
in eleven cases of human VTE.51 In comparison with this 
study, NET formation was found to be greater in VTE 
with no or a small organizing area compared with cases 
of organized VTE. The present results support the notion 
that local NETs in thrombi predominantly play a role after, 
rather than during, thrombus formation, in VTE with and 
without cancer.

This study had several limitations. First, the study 
cohort consisted of autopsy cases; thus, almost all can-
cer cases were in the advanced stage. Second, we could 

not obtain detailed blood sample data, such as D-dimer, 
neutrophil counts, and serum NET markers, and could 
not analyze the relationships between these blood sam-
ple data and histopathological findings. Third, since this 
was a retrospective cohort study, we could not define 
the precise length of fixation which may have affected 
the immunoreactivity of each antigen. To standardize 
immunoreactivity, we excluded the VTE tissue with inad-
equate immunopositivity in intrinsic control cells of the 
same sections. Fourth, although thrombus components 
are heterogenous, we did not evaluate the entire throm-
bus. To minimize heterogeneity, we selected the largest 
section of each thrombus. Finally, we could not statisti-
cally examine the expression of prothrombotic factors in 
intrathrombus cancer cells by histopathological type due 
to the small number of cases.

In conclusion, this study revealed the presence of can-
cer cells as direct vascular wall invasion or small clusters 
in thrombi in 27% of cancer-associated VTE specimens. 
Intrathrombus cancer cells might play a role in thrombo-
genesis of cancer-associated VTE. Moreover, expression 
of TF and podoplanin in cancer cells and necrosis-related 
DAMP exposure may promote coagulation reactions and 
platelet aggregation.
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