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Abstract
Background: Pulmonary embolism (PE) is a potentially fatal disease, but data on the 
incidence of fatal PE in cancer patients are scant.
Objective: We sought to estimate the proportion of cancer patients with PE at 
autopsy.
Methods: For this retrospective cohort study, all autopsy reports of cancer patients 
were retrieved from PALGA: Dutch Pathology Registry and used for data extraction. 
The primary outcome was PE at time of autopsy, defined as any clot obstructing a 
pulmonary artery. The secondary outcome was venous thromboembolism, defined as 
the composite of thrombotic PE, deep vein thrombosis, splanchnic vein thrombosis, or 
internal jugular vein thrombosis.
Results: A total of 9571 cancer patients were included. In 1191 (12.4%; 95% con-
fidence interval [CI], 11.8- 13.1) patients, one or more PE events were observed at 
autopsy, of whom 1074 (90.2%) had a thrombotic embolism, 168 (14.1%) a tumor em-
bolism, 9 (0.8%) a septic embolism, 7 (0.6%) a fat tissue embolism, and 3 (0.3%) a bone 
marrow embolism. Among patients with PE for whom the cause of death was speci-
fied in the autopsy report, death was considered PE- related in 642 patients (66.7%), 
which was 6.7% of the total study population. Venous thromboembolism was ob-
served in 1223 (12.8%; 95% CI, 12.1- 13.5) patients.
Conclusion: The proportion of PE in cancer patients at autopsy is substantial. Although 
the study population is not representative for the total cancer population, it suggests 
that PE is an important disease complication in cancer patients.
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1  |  INTRODUC TION

Venous thromboembolism (VTE), manifesting primarily as deep 
vein thrombosis (DVT) and pulmonary embolism (PE), is a frequent 
complication in cancer patients. Recent evidence shows that the 
risk of VTE in cancer patients is currently 12- fold higher than in the 
general population and even 23- fold higher when receiving chem-
otherapy or targeted therapy.1 The increased VTE risk is related 
to a combination of the intrinsic prothrombotic activity of cancer 
cells, prothrombotic effects of chemotherapy treatment, and other 
cancer- related risk factors such as surgery and immobility.2 VTE in 
cancer patients is associated with mortality, of which the risk ap-
peared approximately twofold higher in cancer patients with VTE 
compared to cancer patients without VTE in an observational co-
hort study of 668 cancer patients from the Danish Cancer Registry.3

Two recent randomized clinical trials showed that primary throm-
boprophylaxis with direct oral anticoagulants for 6 months substantially 
reduced the risk of VTE in ambulatory patients compared to placebo 
(relative risk, 0.56; 95% confidence interval [CI], 0.35- 0.89). However, 
the tradeoff between safety and efficacy of primary thromboprophy-
laxis in cancer patients is challenging because a concurrent increased 
bleeding risk was observed in the intervention groups (relative risk, 
1.96; 95% CI, 0.80- 4.82).4- 6 Therefore, the decision on initiation of pri-
mary thromboprophylaxis should be based on patient preference and 
the carefully balanced benefit– risk ratio of such an intervention.

For this decision, information on PE- related death in cancer pa-
tients is relevant, but contemporary data on this topic are scant.7 The 
nationwide network and registry of histo-  and cytopathology in the 
Netherlands (PALGA) maintains a database with all Dutch pathology 
reports, including autopsy reports.8 Although deceased patients un-
dergoing autopsy form a selected population, this registry provides a 
unique opportunity to assess how common (fatal) PE is in cancer pa-
tients. By using data from autopsy reports, we aimed to estimate the 
proportion of deceased cancer patients with PE or any VTE, and to eval-
uate how often PE was considered a cause of death in these patients.

2  |  METHODS

2.1  |  Study design and patient selection

PALGA was used for present analysis, which contains data on all 
histological biopsies and autopsies in the Netherlands.8 All autopsy 
reports between January 1, 2008, and April 30, 2020, with a cancer 

diagnosis code were used for the current study. Patients 18 years and 
older with a cancer autopsy code at time of autopsy were consid-
ered eligible. Patients with skin cancer other than primary melanoma, 
Merkel cell carcinoma, or sebaceous gland carcinoma were excluded. 
This study was registered at the Netherlands Trial Register (NL8670).

2.2  |  Data collection and study outcomes

Clinical data on patient characteristics, cancer type, cancer stage at 
autopsy, and study outcomes were retrospectively collected from 
the autopsy reports. Time between cancer diagnosis and autopsy 
was measured by subtracting the date of biopsy (either collection of 
a cytological, histological, or resection specimen) on which cancer 
was diagnosed from the autopsy date. Data on annual cancer deaths 
were obtained from Statistics Netherlands (CBS; 2008- 2019).9 The 
primary outcome was the proportion of patients with PE at time of 
autopsy, which was defined as a sudden obstruction of a pulmonary 
artery or one of its branches caused by a bloodborne clot or other 
material.10 Hence, this definition includes thrombotic PE, tumor PE, 
septic PE, fat tissue PE, and bone marrow PE. Tumor PE was de-
fined as an obstruction of a pulmonary artery or one of its branches 
caused by individual tumor cells, clusters of tumor cells, or large 
tumor fragments.11 Cases of bone marrow embolism after cardiac 
massage were excluded because, in these patients, the embolism 
developed postmortem. The secondary outcome was the propor-
tion with VTE, including thrombotic PE, deep vein thrombosis of the 
upper or lower extremities, splanchnic vein thrombosis, and inter-
nal jugular vein thrombosis. Study outcomes were systematically 
identified from the autopsy records by an automated electronic text 
search for which several search terms for these events were com-
bined. The search strategy was tested on a subset of 300 cases, 
which were manually verified and yielded a sensitivity of 100%, in-
dicating a low risk of missing events with this method. The identi-
fied potential cases, yielded by the search, were manually confirmed 
(I.A.G.). All events were centrally reviewed by two of the authors 
(F.I.M. and F.T.M.B.) to minimize observer bias. In case of disagree-
ment, a third author was consulted (J.E.F.). Data on autopsy date, 
age, sex, location of VTE, cancer site, metastatic disease, and cause 
of death for PE cases were manually collected from the autopsy re-
ports. PE was considered the primary cause of death if it was de-
scribed as such or if named the most probable cause of death. PE 
was considered a contributing factor to death if it was described 
as such or if named as one of the causes of death. In both cases, 

Essentials

• PE (Pulmonary Embolism) is a frequent complication in cancer patients, but data on fatal PE 
in cancer patients are scant.

• We performed an autopsy- based cohort study of all autopsies in the Netherlands between 
2008 and 2020.

• Of the 9571 cancer patients, 1191 (12.4%; 95% CI, 11.8– 13.1) patients had PE at autopsy.
• The study underscores that PE is an important disease complication in cancer patients.
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death was considered PE- related. Pulmonary embolic events were 
categorized according to the origin of the obstructing material. PE 
was defined as central when it was observed in the pulmonary trunk 
or in the main pulmonary arteries and as peripheral when observed 
in segmental, subsegmental, or more peripheral arteries.

2.3  |  Statistical analysis

Patient and tumor characteristics were summarized using standard 
descriptive statistics. Study outcomes were presented as propor-
tions with 95% CIs calculated using the Clopper- Pearson method.12 

To explore a potential time trend of PE at death, the annual number 
of autopsy reports of cancer patients, total cancer- related deaths 
in the Netherlands, and the proportion of cancer patients with PE 
were plotted against calendar year. The time trend of the proportion 
of cancer patients with PE was formally tested with the Jonckheere- 
Terpstra test.13,14 The year 2020 was excluded from these explora-
tive analyses because these data were only available until April 
2020. Cases with missing reports were excluded prior analysis. 
Statistical analyses and the automated text search in autopsy re-
ports were performed using R software, version 3.5.1 (The R Project 
for Statistical Computing, www.R- proje ct.org), specifically using the 
“stringr,” “ggplot2,” and “dplyr” packages.

— 
All Cancer Patients
(N = 9571)

Cancer Patients with 
pulmonary embolism at 
autopsy
(N = 1191)

Male, (%) 5786 (60.5%) 640 (53.9%)

Median age, y (IQR) 70 (62– 78) 68 (60– 76)

Median time between diagnostic cancer 
diagnosis and autopsy, days (IQR)

404 (49– 2271) 270 (30– 1763)

Cancer not pathologically confirmed prior 
to autopsy (%)

3215 (33.6%) 398 (33.4%)

Year of autopsy (%) — — 

2008- 2011 4324 (45.2) 514 (43.2)

2012- 2015 3038 (31.7) 391 (32.8)

2016- 2020a  2209 (23.1) 286 (24.0)

Primary cancer site, (%) — — 

Biliary 161 (1.7) 27 (2.3)

Brain 122 (1.3) 10 (0.8)

Breast 415 (4.3) 56 (4.7)

Colorectal 988 (10.3) 129 (10.8)

Gastroesophageal 585 (6.1) 87 (7.3)

Gynecological 251 (2.6) 43 (3.6)

Head and neck 120 (1.3) 10 (0.8)

Hematological cancer 1191 (12.4) 80 (6.7)

Kidney 468 (4.9) 55 (4.6)

Liver 276 (2.9) 39 (3.3)

Lung 2509 (26.2) 324 (27.2)

Melanoma 89 (0.9) 6 (0.5)

Pancreas 611 (6.4) 118 (9.9)

Prostate 641 (6.7) 58 (4.9)

Sarcoma 145 (1.5) 18 (1.5)

Small bowel cancer 155 (1.6) 14 (1.2)

Thyroid 114 (1.2) 16 (1.3)

Urinary bladder 396 (4.1) 57 (4.8)

Unknown primary tumor 242 (2.5) 36 (3.0)

Other 92 (1.0) 8 (0.7)

Metastatic disease at autopsy, (%)b  — 811 (68.1)

Abbreviations: IQR, interquartile range.
aAutopsies from 2016 to April 2020. 
bCancer stage only extracted for patients with pulmonary embolism at death. 

TA B L E  1  Patient characteristics at 
autopsy

http://www.R-project.org
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3  |  RESULTS

A total of 9571 cancer patients with autopsy between January 2008 
and April 2020 were included. The median age was 70 years (inter-
quartile range, 62- 78) and 60.5% were male. The most frequent can-
cer types were lung cancer (26.2%), hematological cancer (12.4%), 
and colorectal cancer (10.3%). The median time between cancer 
diagnosis (date of tumor cytology/biopsy/resection) and autopsy 
was 404 days (interquartile range, 49- 2271). For 3215 (33.6%) pa-
tients, the cancer was not diagnosed by tumor biopsy before death 
and hence potentially undiscovered before autopsy. The number of 
autopsies decreased over the years; a total of 4324 autopsies were 
performed between 2008 and 2011, 3038 between 2012 and 2015, 
and 2209 between 2016 and April 2020. All patient characteristics 
are summarized in Table 1.

3.1  |  Pulmonary embolism

Of all 9571 cancer patients, 1191 (12.4%; 95% CI, 11.8- 13.1) pa-
tients had one or more types of PE at time of autopsy, of which 1074 

(90.2%) had thrombotic embolism, 168 (14.1%) tumor embolism, 9 
(0.8%) septic embolism, 7 (0.6%) fat tissue embolism, and 3 (0.3%) 
bone marrow embolism (Table 2). The location of PE was central in 
280 (23.5%) patients, peripheral in 263 (22.1%) patients, and was not 
formally described in 648 (54.4%) patients. The proportion with PE 
at death was highest in patients with pancreatic cancer (19.3%; 95% 
CI, 16.3- 22.7), gynecological cancers (17.1%; 95% CI, 12.7- 22.4), and 
biliary cancer (16.8%; 95% CI, 11.4- 23.5). Conversely, the proportion 
with PE was lower in those with hematological malignancies (6.7%; 
95% CI, 5.4- 8.3) or melanoma (6.7%; 95% CI, 2.5- 14.1) (Figure 1).

For 960 of the 1191 (80.6%) patients with a PE at autopsy, a 
cause of death was explicitly described by the pathologist. In 642 
(66.9%) of these patients, death was considered to be PE- related; PE 
was considered the primary cause of death for 361 (37.6%) of these 
patients and a contributing factor to death for 281 (29.3%) (Table 2). 
The anatomical location of the PE event was central in 71.6% of all 
patients with a PE- related death, 89.6% in the patients in which PE 
was considered the primary cause of death, and 37.7% in the pa-
tients in which PE was a considered a contributing factor to death.

Compared with the total cancer population of 9571 cancer pa-
tients in our study, the 642 patients with a PE- related death formed 

F I G U R E  1  Proportion of cancer patients with pulmonary embolism at autopsy by cancer site
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6.7% of the study population, the 361 patients of which PE was con-
sidered primary cause of death 2.9%, and the 281 patients of which 
PE was considered a contributing factor to death 3.8% (Table 2).

3.2  |  Venous thromboembolic events

Of all 9571 patients, 1223 (12.8%; 95% CI 12.1- 13.5) had VTE at time 
of autopsy, of whom 1074 (87.8%) had thrombotic PE, 140 (11.4%) 
splanchnic vein thrombosis, 117 (9.6%) deep vein thrombosis of the 
lower or upper extremity and 12 (1.0%) internal jugular vein throm-
bosis, and 31 (2.5%) thrombosis at other sites (Table 3).

3.3  |  Time trend

From 2008 to 2019, the annual absolute number of autopsies of 
cancer patients in the Netherlands decreased from 1124 to 452, 
whereas the number of cancer- related deaths increased from 
41 874 to 46 864. The proportion of cancer patients with PE at 
autopsy did not significantly change over time; 11.7% (95% CI, 10.0- 
13.7) in 2008 and 15.1% (95% CI, 11.9- 18.7) in 2019 (p value for 
increasing trend, 0.22). Figure 2 shows the number of annual au-
topsies of cancer patients, total number of cancer- related deaths, 
and the proportion of cancer patients with PE at autopsy between 
2008 and 2019.

4  |  DISCUSSION

In this nationwide study of almost 10 000 cancer patients who un-
derwent autopsy, 12% had PE at the time of death. Two- thirds of PE 
were considered fatal among patients for whom the cause of death 
was recorded by the pathologist. These findings suggest that PE is a 
relatively frequent cause of death in cancer patients.

It should be acknowledged that the group of cancer patients un-
dergoing autopsy studied here does not represent the total cancer 
population. Unfortunately, no information on indication for autopsy 
was available in our data. This complicates the understanding of 
the background of the study population. Reasons for autopsy are 
to investigate the cause of (sudden) death, evaluate cancer stage at 
death, collecting data for research, evaluate medical practice, train 
physicians, or to investigate an incompletely understood disease 
course. Consequently, the proportion of patients with complicated 
disease courses and unexplained deaths is higher than in the general 
cancer population. In addition, autopsies may be performed more 
frequently in patients who were hospitalized before death, which is 
a risk factor for VTE. Hence, the proportion of patients with PE in 
this study is likely to be higher than in the general cancer population.

Identifying PE- related deaths in cancer patients has proven to 
be challenging in cohort studies and trials because these patients 
often do not undergo radiologic imaging for PE in the terminal dis-
ease phase. Additionally, PE- related symptoms, such as fatigue, pain, 
and dyspnea, are often attributed to cancer itself.15,16 Therefore, 
the incidence of fatal PE could be underestimated in these stud-
ies. Conversely, a definition of fatal PE including “sudden death 
for which PE cannot be ruled out,” which is used in several trials, 
may lead to an overestimated risk of PE- related death. In contrast, 
autopsy is considered the gold standard for disease diagnosis and 
yields a higher sensitivity and specificity for study outcomes than 
radiologic modalities.17

Few other studies evaluated the proportion of PE in cancer pa-
tients at autopsy. Sakumu et al.18 evaluated 65 181 autopsy reports 
of cancer patients in Japan in 2006. The proportion with PE was 3%, 
which is substantially lower than identified in the current study. It is 
unclear whether this study used diagnostic codes to identify poten-
tial PE cases, which could be an explanation for the lower incidence: 

TA B L E  2  Pulmonary embolism outcomes at autopsy

— 
Patients with PE
(N = 1191)

Type of pulmonary embolism, (%)a  — 

Thrombotic embolism 1074 (90.2)

Tumor embolism 168 (14.1)

Septic embolism 9 (0.8)

Fat tissue embolism 7 (0.6)

Bone marrow embolism 3 (0.3)

Location PE, (%) — 

Central 280 (51.6)

Peripheral 263 (48.4)

Cause of death mentioned, (%) 960 (80.6)

Cause of death PE- related 642 (66.9)

PE primary cause of death 361 (56.2)

PE contributing factor to death 281 (43.8)

Abbreviation: PE, pulmonary embolism.
aEvents are not mutually exclusive. 

TA B L E  3  Venous thromboembolism outcomesa

— 

Patients 
with Venous 
Thromboembolism
(N = 1223)

Thrombotic PE,b  (%) 1074 (87.8)

Splanchnic vein thrombosis, (%) 140 (11.4)

Deep- vein thrombosis lower extremity, (%) 108 (8.8)

Internal jugular vein thrombosis, (%) 12 (1.0)

Deep vein thrombosis upper extremity, (%) 9 (0.7)

Other, (%) 31 (2.5)

Abbreviations: PE, pulmonary embolism; VTE, venous 
thromboembolism.
aPatients can have multiple events. 
bOnly thrombotic pulmonary embolism; hence, tumor embolism, septic 
embolism, fat tissue embolism, and bone marrow embolism are not 
included in this variable. 
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in the current study, we would have only identified 551 PE cases 
(46%) if we solely used the diagnostic codes to identify potential PE, 
instead of the 1191 by our text mining approach. The difference may 
also be contributed to ethnic differences as the incidence of PE is 
estimated to be five to seven times lower in Asians than in blacks or 
whites.19,20 Ögren et al.21 used 23 796 autopsy reports of cancer pa-
tients from Sweden and identified an overall PE prevalence of 23% 
and an overall fatal PE prevalence of 10%. No distinction was made 
between PE that contributed to death and fatal PE, in contrast to our 
study, possibly explaining the high fatal PE prevalence in this study. 
In contrast to our study, this study did not include certain prevalent 
cancer types that are associated with a lower risk of VTE, such as 
melanoma. Other reasons for differences between studies may be 
caused by variations in autopsy protocols, hospital populations, and 
national autopsy rates among cancer patients.

In the current study, a substantial number of PE events were 
tumor embolisms (14%), defined as a sudden obstruction of a pul-
monary artery by tumor cells. The identified prevalence of 2% 
in the total study population was lower than in previous studies, 

which reported a prevalence between 3% and 26%.22 In the pres-
ent study, cancer sites with the highest proportion of tumor PE 
were liver (5%), sarcoma (5%), and breast (4%) (Table S1), which is in 
line with reported cancer sites related to tumor embolism in litera-
ture.18,23 Notably, the presence of limited numbers of tumor cells 
in the embolus may lead to false- negative results on light micros-
copy. The prevalence of tumor emboli in our study might therefore 
be underestimated by sampling error and assessment error of light 
microscopy. Tumor embolism may affect both microvascular as main 
pulmonary arteries. Despite the considerable prevalence of tumor 
PE at autopsy, diagnosis before death is rarely made.24 Clinical pre-
sentation of tumor PE is indistinguishable from VTE, with similar 
symptoms such as dyspnea and chest pain.25 Tumor PE of the larger 
pulmonary arteries can be detected on computed tomography; 
however, no differentiation between tumor and thrombotic PE can 
be made because both appear as focal hypodense filling defects.23 
Theoretically, 18- fluorodeoxyglucose positron emission tomogra-
phy is able to distinguish both entities because tumor emboli are 
characterized by a high fluorodeoxyglucose uptake, whereas venous 

F I G U R E  2  Number of autopsies, cancer- related deaths, and proportion with pulmonary embolism at autopsy between 2008 and 2019. 
(A) Number of annual autopsies of cancer patients. (B) Total number of cancer- related deaths (CBS: Statistics Netherlands). (C) Proportion of 
cancer patients with PE at autopsy
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emboli are not.25 To the best of our knowledge, this technique has 
not been used systematically in clinical practice for this purpose. 
Because the distinction between thrombotic PE and tumor PE may 
not be easily made based on clinical or radiological findings, tumor 
PE might need to be considered in patients with cancer not respond-
ing to anticoagulant treatment.

Besides the notion that we studied a selected group of cancer 
patients undergoing autopsy mostly within the hospital setting, sev-
eral other limitations need to be considered. Although autopsies are 
performed accordingly to a general procedure, heterogeneity in ex-
perience of pathologists, focus on the clinical question, and the pro-
cedure itself could result in missed cases, thus possibly leading to an 
underestimation of the study outcomes. The reported cause of death 
in autopsy records was based on the interpretations of individual pa-
thologists and did not follow standardized definitions. Additionally, 
cause of death was not described in all reports, possibly influencing 
the estimates of fatal PE. Assessment of DVT of the lower extremities 
at autopsy is difficult, which might result in an underestimation of the 
proportion of patients with lower extremity DVT. In a minor subset of 
patients with a brain tumor, only the brain was assessed at autopsy. 
This could lead to an underestimation of PE cases in patients with 
brain cancer. The current study showed declining autopsy rates over 
the years. Several causes for the decline have been identified, the 
most important being few physicians requesting for autopsy now-
adays,26 difficulty in obtaining consent from relatives of deceased 
patients,27 and use of radiological imaging techniques as substitu-
tion for autopsy.28,29 Theoretically, this could result in selection bias, 
because of a more predominant selection of patients with an unex-
pected death or without a clear cause of death. Although this could 
possibly inflate the proportion of cancer patients with PE over the 
years, the time trend analysis did not indicate a significant difference 
in the PE proportion between 2008 and 2019 (Figure 2).

Strengths of this study include the large study population, which 
comprises all cancer patients who have undergone autopsy in The 
Netherlands, irrespective of insurance status, ethnic background, 
or geographic region. The distribution of cancer types, age, and sex 
in our study population is comparable to that of the general cancer 
population in the Netherlands, with lung cancer, colorectal cancer, 
and hematological cancers as most frequent cancer types in both 
populations (CBS; 2008- 2019).9 Autopsy is regarded as the “gold 
standard” for disease diagnosis, with a higher specificity than all ra-
diologic modalities.17 Furthermore, this study included the most re-
cent data on autopsies available. In contrast to previous studies,18,21 
data on study outcomes and other clinical variables were extracted 
manually by examining complete pathological reports after elec-
tronic text mining, rather than relying on diagnostic codes. Study 
outcomes were reviewed by two of the authors. This strengthens 
the robustness of the estimated prevalence of PE.

In conclusion, PE was present in 12% of all cancer patients at au-
topsy in The Netherlands between 2008 and 2020, and two- thirds 
of these events were considered fatal. Of all PE events at autopsy, 
14% were tumor embolisms, indicating that this type of PE is more 
frequent in cancer patients than clinically recognized. Although the 

patients studied here possibly do not represent the entire cancer 
population, our findings underscore the importance of PE as poten-
tially fatal complication in cancer patients.
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