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Clinicopathological Characteristics of Cancer-
Associated Venous Thromboembolism (CAT-VTE) 
from a Medicolegal Autopsy

Ayako Ro, MD, PhD,1,2 Norimasa Kageyama, BBA,1,2 and Toshiji Mukai, MD, PhD1

Objective: This study aimed to determine the clinicopatho-
logical characteristics of cancer-associated venous thrombo-
embolism (CAT-VTE).
Methods: A total of 47 cases of lethal pulmonary throm-
boembolism (PTE) with active cancer were investigated by 
autopsy records.
Results: We studied 22 men and 25 women who were de-
ceased at a mean age of 66±11 years. Nine (19%) patients 
had recently undergone cancer resection, 14 (30%) were 
undergoing clinical treatment for cancer, and 24 (51%) were 
autopsy-proven CAT-VTE. The colon (eight cases), lungs 
(seven cases), and ovaries (six cases) were frequent sites of a 
tumor. There were 29 (62%) cases of acute PTE and 18 (38%) 
of recurrent PTE. The embolic source was detected in 36/39 
(92%) cases. Among them, 33 cases were leg deep vein 
thrombosis (DVT) and 31 were calf-type DVT. Three cases 
were isolated vena cava thrombi that were present near the 
tumor. Twenty-three (64%) cases were recurrent DVT.
Conclusion: Most of the lethal CAT-VTE cases were 
induced by the same mechanism as non-CAT-VTE that 
originated from calf-type DVT with proximal propaga-
tion. However, the finding that patients had tumor-related 
vena cava thrombi suggested that prevention of CAT-VTE 
requires individualized treatment of patients according to 

their pathological condition. (This is secondary publication 
from Jpn J Phlebol 2020; 31(3): 123–129.)
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Introduction
Thrombosis that develops as a cancer complication is 
referred to as cancer-associated thrombosis (CAT). It is 
classified under several subtypes, namely, arterial throm-
boembolism, disseminated intravascular coagulation, 
non-bacterial thrombotic endocarditis, and venous throm-
boembolism (VTE).1) CAT is a frequent cause of death in 
patients with cancer. Among CAT, thromboembolism is 
the second most common cause of death in patients un-
dergoing outpatient chemotherapy, second only to death 
from cancer.2) In CAT, VTE associated with acute massive 
pulmonary thromboembolism (PTE) has a risk of sudden 
death. We have previously studied medicolegal autopsy 
cases of sudden death with acute massive PTE.3–6) In this 
study, we focused on lethal CAT-PTE cases and investi-
gated their clinicopathological characteristics.

Patients and Methods
We selected 47 patients diagnosed with lethal PTE and ac-
tive cancer by autopsy, which was performed at the Tokyo 
Medical Examiner’s Office between 2005 and 2019. During 
the same period as the present study, 36,123 medicolegal 
autopsies were performed, and 798 resulted in a diagnosis 
of PTE. Patients with tumor embolism, nonfatal submassive 
PTE with cancer, and PTE cases with a previous history of 
nonactive cancer were excluded from this study. The fol-
lowing clinicopathological characteristics were investigated 
retrospectively from the autopsy records: age, sex, body mass 
index (BMI), heart weight, property of cardiac blood, pri-
mary site of the tumor, antemortem cancer/VTE treatment, 
situation of PTE onset, and pathological findings of PTE and 
deep vein thrombosis (DVT).
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The BMI was calculated by dividing the patient’s body 
weight in kilograms by their height in meters squared, 
and a BMI <18.5 kg/m2 was classified as underweight, 
18.5–25 kg/m2 as the normal range, and ≥25 kg/m2 as 
obese according to the criteria of the Japan Society for the 
Study of Obesity.7) The primary site of cancer was evalu-
ated using the Khorana VTE risk score (KRS), which is 
divided into very high risk (stomach and pancreas), high 
risk (lungs, lymphoma, gynecological organs, bladder, and 
testes), and others.8)

Pathological findings of VTE were confirmed by the PTE 
location and chronology (disease duration) and the loca-
tion and classification of the venous thrombosis as the em-
bolic source. Regarding the classification of PTE and venous 
thrombus, cases with only fresh thrombus were classified as 
the acute type (Fig. 1), cases with a mixture of fresh and orga-
nized thrombus were classified as the recurrent type (Fig. 2), 
and cases with only organized thrombus were classified as 
the previous type. The DVT of the lower extremities was 
classified as the calf type when the thrombus was confined to 
the calf deep vein and developed continuously to the proxi-
mal veins. DVT was classified as the proximal type when the 
thrombus was restricted to the proximal deep veins without 
calf DVT. We further divided patients into the following 
groups: (1) those who were undergoing cancer treatment 
and underwent cancer resection within 3 months of death 
(with recent surgery; surgery group); (2) those who were 
undergoing cancer treatment and did not undergo surgery 
within 3 months of death (without recent surgery; treated 
group); and (3) those who died and had CAT-VTE at autopsy 
without an antemortem diagnosis of either cancer or VTE 
(autopsy-proven CAT-PTE; untreated group). The pathologi-
cal findings of VTE in each group were examined. This study 
was approved by the ethical committee of the Tokyo Medi-
cal Examiner’s Office (2016-5) and St. Marianna University 
School of Medicine (3489).

Results
1. Patients’ characteristics
This study included 22 men and 25 women with a mean 

Fig. 1 Representative case of acute type cancer-associated 
venous thromboembolism due to undiagnosed gastric 
cancer. (a): Large gastric cancer. （b）: Massive fresh pul-
monary thromboembolism occluding bilateral pulmonary 
arteries. (c): Left fresh calf deep vein thrombosis.

Fig. 2 Representative case of recurrent type cancer-associated 
venous thromboembolism due to undiagnosed lung can-
cer. (a): The right lung was retracted by massive tumor 
invasion with proximal pulmonary thromboembolism 
(arrow). Tumor emboli were not detected. （b）: A small 
artery shows a band-like appearance by organized thrombi 
(arrow). (c): The soleal vein has fresh (arrows) and orga-
nized thrombi (arrowheads).

Table 1 Clinico-pathological characters of cancer associated 
pulmonary thromboembolism

Sex
male 22 (47%)
female 25 (53%)

Age (mean±S.D., years) 66.2±10.9
<60 years (%) 12 (26%)
60≦ ≧80 years (%) 30 (64%)
>80 years (%) 5 (11%)

BMI (mean±S.D., kg/m2) 20.6±4.3
<18 (%) 14 (30%)
18.5≦ ≧25 (%) 26 (55%)
>25 (%) 7 (15%)

Site of cancer (%)
colon 8 (16.7%)
lung 7 (14.6%)
ovary 6 (12.5%)
other 26 (54.2%)
unknown 1 (2.1%)

With cancer metastasis 28 (60%)
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(SD) age of 66.2± 10.9 years (38–84 years) (Table 1). The 
mean BMI was 20.6± 4.3 kg/m2. Among them, 7 (15%) 
were obese and 14 (30%) were underweight. The mean 
(SD) cardiac weight was 370± 89 g. The nature of cardiac 
blood was fluid blood only in 32 (68%) patients and a 
mixture of fluid blood and postmortem clots in 15 (32%) 
patients.

2. Sites and types of cancer
The primary sites of cancer were as follows: the colon 
(n= 8); lungs (n= 7); ovaries (n= 6); stomach (n= 5); ma-
lignant lymphoma (n= 4); rectum (n= 4); uterus (n= 4); 
kidney (n= 2); and the brain, esophagus, pharynx, pros-
tate, intrahepatic cholangiocarcinoma, and pancreas (n= 
1 each). The origin of the tumor could not be detected in 
one case because of massive systemic metastasis. Accord-
ing to the KRS, 6 (13%) cases were classified as very high 
risk and 21 (45%) as high risk. The remaining 20 (42%) 
cases were not classified using this classification. Twenty-
eight （60％） cases had distant metastasis (Table 1).

3. Medical treatment status of cancer and VTE
Twenty-three (49%) patients were undergoing treatment 
for cancer, among whom 4 (17%) were hospitalized and 
19 (83%) were outpatients (Table 2). Of the patients un-
dergoing cancer treatment, 9 were in the surgery group, 

and the time between surgery and death was within 10 
days in 3 patients, within 1 month in 3 patients, and 
within 3 months in 3 patients.

All patients in the surgery group who developed PTE 
within 10 days after surgery were hospitalized. All 6 pa-
tients in the surgery group who developed PTE after 10 
days postoperatively were discharged from the hospital 
and developed PTE at home.

There were 14 patients in the treatment group, all of 
whom were outpatients, except for one. Six patients were 
treated with chemotherapy. One of the patients undergo-
ing cancer treatment had been diagnosed with DVT and 
PTE before death and was treated with an inferior vena 
cava filter and oral anticoagulants, but died suddenly of 
recurrent PTE. No other patients undergoing treatment 
for cancer had a prenatal diagnosis of VTE.

Twenty-four (51%) patients were in the untreated 
group with autopsy-proven CAT-VTE.

4. Pathological characteristics of VTE
All cases of CAT-VTE were massive PTE, and fresh throm-
bus was located in at least one lobar artery. PTE was clas-
sified as the acute type in 29 (62%) cases and the recurrent 
type in 18 (38%) cases (Table 2).

The embolic source was investigated in 39 cases of 
CAT-VTE, and venous thrombi were detected in 36 (92%) 

Table 2 Relationship between the patient’s VTE pathology and their premortem medical conditions

Total  
(n=47)

Under premortem cancer treatment Autopsy-proven CAT-PTE

with recent surgery  
(n=9)

without recent surgery  
(n=14)

(n=24)

Place of onset
inhospital 4 (9%) 3 (33%) 1 (7%) 0
outpatients 43 (91%) 6 (66%) 13 (93%) 24 (100%)

Pulmonary thrombi pathology
acute 29 (62%) 8 (89%) 7 (50%) 14 (58%)
recurrent 18 (38%) 1 (11%) 7 (50%) 10 (42%)

Embolic source pathology (n=36)
acute 12 (33%) 3 (43%) 3 (27%) 6 (33%)
recurrent or previous 24 (67%) 4 (57%) 8 (73%) 12 (67%)

Location of embolic source (n=36)
leg deep vein 33 (92%) 7 (100%) 10 (91%) 16 (89%)
IVC 2 (6%) 0 1 (9%) 1 (6%)
SVC 1 (3%) 0 0 1 (6%)

Detailed characters of leg DVT (n=33)
Leg DVT laterality

bilateral 28 (85%) 5 (71%) 9 (90%) 14 (88%)
unilateral 5 (15%) 2 (29%) 1 (10%) 2 (13%)

Leg DVT location
calf type 31 (94%) 7 (100%) 10 (100%) 14 (88%)
proxymal only 2 (6%) 0 0 2 (13%)
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cases. Venous thrombi were classified as the acute type in 
12 (33%) cases, the recurrent type in 23 (64%) cases, and 
the previous type in 1 (3%) case. The leg was the most 
frequent site of the embolic source in 33 (92%) cases. 
Among them, 28 (85%) were bilateral and 5 (15%) were 
unilateral. Thirty-one (94%) cases of leg DVT were the 
calf type. Among cases with a detailed description of the 
location of thrombi in the leg deep veins, the soleal vein 
was the most frequent thrombi site.

An embolic source other than in a leg deep vein was 
found in 3 (9%) patients. These patients each had a supe-
rior vena cava thrombus associated with lung cancer, in-
ferior vena cava thrombus with renal cancer, and inferior 
vena cava thrombus associated with peritoneal malignant 
lymphoma. No patients showed direct invasion of the 
tumor into the veins. Two patients had venous thrombi in 
leg deep veins and non-deep veins, with one thrombus at a 
dural venous sinus and the other thrombus at a superficial 
leg vein.

5. Medical treatment status and VTE pathology
Statistical comparison of the groups was not performed in 
this study because of the small number of patients. How-
ever, the embolic source in the surgery group was only the 
calf type. Additionally, the percentage of the acute type in 
PTE and DVT was higher in the surgery group than in the 
treated and untreated groups (Table 2).

Discussion
Several factors cause thrombophilia in patients with can-
cer. Namely, in addition to the state of coagulopathy, in-
flammation, and hypoxia caused by cancer tissue, various 
substances are produced by induction of cancer prolifera-
tion genes, causing thrombi formation.1) For this reason, 
cancer is one of the VTE risk factors. Thus, a Japanese 
cohort study of VTE showed that 27% of patients with 
VTE had a history of cancer and that a higher mortality 
rate was observed in patients with cancer than in those 
without it.9) There has been only one epidemiological re-
port of the CAT-PTE in Japanese autopsy cases by Sakuma 
et al., to the best of our knowledge, who showed that the 
incidence of PTE in patients with cancer was 2.3%.10) 
However, this report was based on pathological autopsies, 
and 71% of the cases were non-critical submissive PTE, 
which was detected as an accessory finding of death from 
cancer.10) The pathological condition of CAT-VTE changes 
from isolated calf DVT, followed by asymptomatic sub-
massive PTE, and finally to lethal acute massive PTE. In 
the present study, we reviewed medicolegal autopsy cases 
to investigate the pathophysiology of acute massive PTE 
of CAT-VTE, which resulted in sudden death. To the best 
of our knowledge, this is the first report of CAT-VTE in 

lethal acute massive PTE in Japan.
The incidence of CAT in patients with PTE detected 

by medicolegal autopsy was 5.8% in this study, which is 
much lower than that in the above-mentioned Japanese 
cohort study.9) In our previous report of an autopsy, the 
CAT-PTE accounted for only 3.1% of all PTE cases.3) This 
finding is mainly due to the nature of pathological and 
medicolegal autopsies. Namely, in medicolegal autopsies 
that deal with unexpected deaths, patients with advanced 
cancer who usually have been diagnosed and treated in 
hospitals before death are rarely included. Indeed, cancer 
death accounts for only 5.2% of all medicolegal autop-
sies11) compared to 66% of all pathological autopsies.10) 
However, the actual incidence of CAT-PTE in medicolegal 
autopsies could be slightly higher than that found in the 
present report. The reason for this difference in incidence 
could be because the CAT-PTE cases in which the autopsy 
record described only “cancer death” as the cause of death 
were not included in this study.

Epidemiological characteristics of CAT-VTE in our 
study are similar to those of the Japanese VTE cohort,9) 
with a mean age of approximately 60 years and a slightly 
higher number of women. The KRS is commonly used to 
estimate risk factors of CAT-VTE.8) Among the KRS risk 
factors, we only investigated the site of cancer and BMI 
because other factors of the score are blood biochemistry 
data, which are not reliable in autopsy samples. The origi-
nal KRS score indicates that a BMI >35 kg/m2 is a CAT-
VTE risk factor.8) In this study, we used a BMI >25 kg/m2 
as a criterion for obesity according to a previous Japanese 
study.12) Hiraide et al. reported that 28% of patients with 
lung CAT-VTE were obese, and this was considered a risk 
factor for CAT-VTE.12) However, in the present study, 
only 15% of the patients were obese, and 30% were un-
derweight. Obesity is a VTE risk factor with or without 
cancer. Our previous study of massive PTE in medicolegal 
autopsy without active cancer showed that the proportion 
of obesity was 30%.3) Our present and previous results 
suggest that patients with CAT-PTE tend not to be obese, 
but underweight, as reflected by their cancer cachexia.

Regarding the site of cancer, 58% of the cases were 
classified as high- or very high-risk groups according to 
the KRS. The incidence of CAT-VTE in pathological au-
topsies is high in hematogenous tissue, the lungs, ovaries, 
pancreas, and biliary system, and low in the liver.10) In 
clinical cases, the most common site of cancer is the lungs, 
followed by the colon, hematopoietic organs, the uterus, 
and the ovaries.13) The results of the present study are 
consistent with these reports.

Elevated levels of blood coagulation factors are usu-
ally observed in patients with cancer.14) Among them, 
D-dimer is a clinically important marker for the diagnosis 
of VTE. We could not perform blood coagulation tests 
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because these tests are not as reliable in autopsy samples 
as biochemical tests. Therefore, we studied the property of 
cardiac blood to evaluate coagulability at autopsy. Human 
blood usually clots after death. However, blood is fluid in 
sudden-death cases such as PTE. A suggested mechanism 
of this phenomenon is that excessive agonal release of 
tissue plasminogen activator from vascular endothelium 
dissolves the postmortem coagulated blood in sudden 
death.15) Speaking from experience, most PTE cases with-
out cancer show fluid cardiac blood at autopsy. However, 
the current study showed that 32% of patients with CAT-
PTE had clotted blood. These results may reflect the hy-
percoagulability characteristic of CAT-PTE.

From a clinical viewpoint, approximately half of the pa-
tients had autopsy-proven CAT-VTE in which cancer and 
VTE were first discovered at autopsy. Additionally, medi-
cal institutions had no opportunity to be involved in treat-
ment for CAT-VTE before death. However, the other half 
of the patients, except for one, were treated for cancer but 
had not been diagnosed with VTE before death. Among 
them, 17% of patients with CAT-PTE had undergone 
recent cancer resection in this study. Moreover, all the 
patients with CAT-PTE within 10 days from surgery were 
still in hospital. Because hospitalization and recent surgery 
are VTE risk factors, prophylaxis is required for patients 
who had recent surgery, regardless of whether they have 
cancer.16) Detailed medical information on whether these 
patients received VTE prophylaxis in the hospital was 
unavailable because antemortem medical care and post-
mortem autopsy examinations were performed in dif-
ferent facilities. However, the finding of several hospital 
deaths perioperatively in patients with cancer in this study 
indicates the importance of perioperative VTE prophy-
laxis in patients with cancer. The only embolic source in 
the surgery group was the calf type, and the percentage of 
the acute type in PTE and DVT was higher in the surgery 
group than in the treated and untreated groups. In our 
previous study, we compared inpatients with and without 
cancer with outpatients with and without medical treat-
ment.4) We found that 66% of inpatients had the acute 
type, whereas 82% of outpatients had the recurrent type.4) 
These findings suggest that, in postoperative patients, not 
only cancer-induced hypercoagulability, but also venous 
stasis in the lower extremities due to perioperative bed 
rest, may have strongly affected thrombi formation.

A total of 83% of patients with CAT-PTE undergoing 
cancer treatment were outpatients in the present study. 
Sakamoto et al. reported that 66% of CAT-VTE occurred 
out of hospital, and outpatients had a higher rate of recur-
rent VTE than inpatients.13) Additionally, patients with ac-
tive cancer have a higher risk of VTE recurrence, bleeding, 
and death than patients without active cancer.13) There-
fore, prophylaxis for VTE is necessary for outpatients and 

inpatients with cancer. However, one patient in our study 
who was diagnosed with VTE and PTE died due to devel-
oping PTE, despite continuous prophylaxis for VTE with 
medication. This finding suggests the difficulty of provid-
ing appropriate outpatient coagulation control in patients 
with cancer. Therefore, selecting appropriate individual 
prophylaxis for a large number of cancer outpatients with 
cancer remains difficult.

Regarding the embolic source of CAT-PTE in our study, 
92% of patients had lower extremity DVT, 85% had 
bilateral DVT, and 94% had the lower leg type of DVT. 
Based on our previous studies of fatal PTE autopsies, we 
propose a mechanism in which DVT primarily occurs in 
calf veins, especially at the soleus vein, because of venous 
stasis in the lower extremities, and develops proximally 
to form a large thromboembolus at the proximal vein.4–6) 
The present study indicated that, even in patients with 
CAT-PTE, most VTE cases have the same mechanism as 
those without cancer. Yokoi et al. reported that the most 
frequent site of CAT-DVT was below the knee (up to 
45%) and that there was no significant difference in the 
rate of concomitant PTE between patients with DVT with 
or without malignancy.17) Therefore, the calf vein is the 
primary site of DVT in patients with CAT-VTE, similar 
to patients with VTE without cancer. In the present study, 
3 patients had an isolated vena cava thrombus without 
leg DVT. All thrombi in these patients were located near 
tumors. Furthermore, in these patients, the mechanism of 
thrombi formation was considered to be based on venous 
compression by the tumor or focal changes in blood co-
agulability by tumor cells, and not on venous stagnation 
in the leg. Although the number of cases was small, we 
consider that a venous thrombus near the site of cancer as 
an embolic source could be a characteristic of CAT-VTE. 
We also found that 2 patients had thrombi in the superfi-
cial vein or dural sinus, which is not usually observed in 
PTE without cancer. These results may reflect the systemic 
hypercoagulability caused by CAT-VTE, similar to the 
presence of postmortem clots in the heart.

CAT involves multiple mechanisms that are different 
from thrombosis without cancer.1) The present study sug-
gests that in case of CAT-VTE prophylaxis, we should 
consider not only venous stagnation, but also multiple 
factors, such as the physiological nature of cancer—the 
cancer site and size. The patient’s treatment status should 
also be considered, such as whether the patient is hospital-
ized and whether the patient is undergoing surgery or che-
motherapy. Therefore, the CAT-VTE prevention should be 
achieved according to the patient’s individual condition.

This study has several limitations. Because this was a 
retrospective study of autopsy reports, detailed informa-
tion, such as the histological cancer type and detailed 
location of leg DVT, could not be obtained. Additionally, 
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because of the difference in facilities between medical 
care and medicolegal autopsies, detailed information on 
cancer care (e.g., diagnostic methods, biochemical data, 
surgical procedures, therapeutic agents, and VTE preven-
tion methods) could not be obtained as well. Therefore, 
we could not sufficiently compare the results of autopsies 
with those of medical treatment, which is important for 
clinical application of this study’s results. In addition to 
these limitations, this report provides useful information 
about the clinicopathological characteristics of rarely 
known lethal CAT-VTE.

Conclusion
This study investigated the clinicopathological charac-
teristics of CAT-VTE in medicolegal autopsy. We found 
that 90% of the embolic sources were DVT of the lower 
extremities, and the majority was of the calf type. There-
fore, the prevention of venous stasis of the leg is as equally 
important in the prevention of VTE with and without can-
cer. Finally, the CAT-VTE prevention requires individual-
ized treatment of patients according to their pathological 
condition.
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