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abstract

PURPOSE Pulmonary embolism is incidentally diagnosed in up to 5% of patients with cancer on routine imaging
scans. The clinical relevance and optimal therapy for incidental pulmonary embolism, particularly distal clots,
is unclear. The aim of the current study was to assess current treatment strategies and the long-term clinical
outcomes of incidentally detected pulmonary embolism in patients with cancer.

PATIENTS AND METHODS We conducted an international, prospective, observational cohort study between
October 22, 2012, and December 31, 2017. Unselected adults with active cancer and a recent diagnosis of
incidental pulmonary embolism were eligible. Outcomes were recurrent venous thromboembolism, major
bleeding, and all-cause mortality during 12 months of follow-up. Outcome events were centrally adjudicated.

RESULTS A total of 695 patients were included. Mean age was 66 years and 58% of patients were male. Most
frequent cancer types were colorectal (21%) and lung cancer (15%). Anticoagulant therapy was initiated in
675 patients (97%), of whom 600 (89%) were treated with low-molecular-weight heparin. Recurrent venous
thromboembolism occurred in 41 patients (12-month cumulative incidence, 6.0%; 95% CI, 4.4% to 8.1%),
major bleeding in 39 patients (12-month cumulative incidence, 5.7%; 95% CI, 4.1% to 7.7%), and 283 patients
died (12-month cumulative incidence, 43%; 95% CI, 39% to 46%). The 12-month incidence of recurrent
venous thromboembolism was 6.4% in those with subsegmental pulmonary embolism compared with 6.0% in
those with more proximal pulmonary embolism (subdistribution hazard ratio, 1.1; 95% CI, 0.37 to 2.9; P = .93).

CONCLUSION In patients with cancer with incidental pulmonary embolism, risk of recurrent venous throm-
boembolism is significant despite anticoagulant treatment. Patients with subsegmental pulmonary embolism
seemed to have a risk of recurrent venous thromboembolism comparable to that of patients with more
proximal clots.

J Clin Oncol 37. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Venous thromboembolism (VTE), comprising deep
vein thrombosis (DVT) and pulmonary embolism (PE),
is a common complication in patients with cancer and
is associated with significant morbidity and mortality.1

Widespread use of multidetector computed tomogra-
phy (CT) scanners and improved resolution have led
to enhanced visualization of the pulmonary arteries,
which has resulted in higher sensitivity for PE and
increased detection of distal clots in subsegmental
arteries.2-5 Approximately one half of all PEs in patients
with cancer is now incidentally detected on imaging
undertaken for cancer staging, evaluation of treatment
response, or routine follow-up.6 The prevalence of

incidental PE in the population of patients with cancer
is reported to be as high as 5%.7

International guidelines suggest the same anticoagu-
lant treatment for patients with cancer with incidentally
detected PE as for those with symptomatic PE.8-10 In
the absence of prospective data, these suggestions
are mostly based on risk estimates from retrospective
studies combined with treatment effects extrapolated
from trials that evaluated symptomatic PE. Optimal
management of subsegmental PE, in particular, re-
mains debated. A systematic review has suggested
that subsegmental PE may not be clinically relevant
in the general population, as the higher detection rate
of subsegmental PE by multidetector CT compared
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with single-detector CT did not lower the risk of VTE in
patients who were left untreated on the basis of a negative
scan.4 In contrast, retrospective data in the population of
patients with cancer demonstrated a comparable risk of
recurrent VTE in those treated for subsegmental and more
proximal incidental PE.11

The objective of the current cohort study was to assess the
current treatment strategies for incidental PE in patients
with cancer and associated risks of recurrent VTE, major
bleeding, and mortality. In addition, we sought to compare
the risk of recurrent VTE in those with subsegmental versus
segmental, lobar, or central PE, as well as to compare the
risk of major bleeding in those receiving prophylactic or
intermediate-dose anticoagulation with therapeutic-dose
anticoagulation.

PATIENTS AND METHODS

Design

This was an international, prospective, observational cohort
study conducted in 32 centers in nine countries in Europe
and North America between October 22, 2012, and De-
cember 31, 2017. Participating centers and investigators
are listed in Appendix Table A1 (online only). The protocol
was approved by the research ethics boards of all par-
ticipating centers. Written informed consent was not re-
quired by some boards because of the observational nature
of the study. The current report adheres to the Strength-
ening the Reporting of Observational Studies in Epidemi-
ology statement.12

Patients

Unselected adults with active solid or hematologic cancer
and a first diagnosis of incidental PE were included. Active
cancer was defined as objectively confirmed recurrent,
regionally advanced, or metastatic cancer, or cancer that
was diagnosed or treated within the 12 months before to
enrollment. Incidental PE had to be diagnosed in the
2 months before inclusion and was defined as an intra-
luminal filling defect in one or more pulmonary arteries on
CT in the absence of a clinical suspicion of PE. Patients
were included regardless of any outcome event that may
have occurred in the 2-month inclusion window. Patients
were excluded if they had already received anticoagulant
therapy at the time of incidental PE diagnosis or if they had
a life expectancy of less than 3 months. A patient screening
list was not routinely collected at all centers.

Outcomes

Main study outcomes were recurrent VTE, major bleeding,
and all-cause mortality (definitions are listed in Appendix
Table A2, online only). Recurrent VTE was defined as
objectively confirmed symptomatic or incidental DVT of the
lower extremity or PE, or PE-related death.

Major bleeding was defined as clinically overt bleeding
that was associated with a 2-g/dL or more decrease in

hemoglobin that required transfusion of two or more units of
RBCs, or that occurred in a critical site or as fatal bleeding.13

All outcomes were centrally adjudicated by a committee
whose members were unaware of patients’ treatment.

Data Collection and Follow-Up

Baseline variables were collected during clinic or tele-
phone visits in a standardized electronic case report
form (Oracle Clinical Remote Data Capture 4.6.6; Oracle,
Redwood City, CA) and included demographic charac-
teristics; medical history; medication use, including cancer
therapy, laboratory test results, incidental PE characteris-
tics, and treatment; and signs and symptoms before in-
cidental PE diagnosis. Treatment decisions were left to the
discretion of the treating physician. Patients were observed
for 12 months with scheduled clinic or telephone visits at
3, 6, and 12 months or until the last study visit in December
2017. During these visits, we performed patient interviews
using a standardized electronic case report form and data
were collected on recurrent VTE, bleeding, death, changes
in anticoagulant treatment, cancer therapy, hospitalization,
and recent imaging. In the case of suggestive outcome
events, standardized forms were completed for central
adjudication. Frequent quality checks of the electronic
case report form and adjudication forms were performed by
the study coordinators to ensure the completeness of data.

Statistical Analysis

Sample size calculation was estimated at an a of .05,
a power of 80%, and two-sided target CI width of 0.5 to
assess overall risk of recurrent VTE. Overall assumed re-
current VTE rate was 13%,14 with an additional assumption
that 95% CI was between 12.5% and 13.5%, requiring
193 patients. An additional 361 patients were needed for
comparison of the risk of recurrent VTE in those with (sub)
segmental PE and more proximal PE at the assumption of
a 3-to-1 ratio of (sub)segmental PE versus more proximal
PE, and a VTE recurrence rate of 10% in (sub)segmental
PE and 20% in more proximal PE. In total, 610 patients
were required at an expected dropout rate of 10%.

We used standard descriptive statistics to summarize
baseline characteristics. Cumulative incidence of recurrent
VTE and major bleeding was estimated using a competing
risk model in which death not related to PE or bleeding was
treated as a competing event. Patients were censored at
the time of the last visit, end of follow-up, or when lost to
follow-up. Recurrent VTE was assessed during the overall
study period and during the on-treatment period, which
was defined as the time during anticoagulant therapy and
up to 7 days after discontinuation. Major bleeding was
assessed during the on-treatment period. We assessed all-
cause mortality using the Kaplan-Meier method and log-
rank test to evaluate subgroup differences.

Subgroup analyses were performed in patients with sub-
segmental PE compared with those with more proximal—
segmental, lobar, or central—PE, patients with isolated
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subsegmental PE in a single branch compared with sub-
segmental PE in multiple branches or more proximal PE,
and patients who received prophylactic or intermediate-
dose anticoagulation versus therapeutic-dose long-term
anticoagulation (defined in Appendix Table A3, online
only). Subgroup differences were estimated by calculating
subdistribution hazards ratios (SHR) using the Fine and
Gray competing riskmodel.15 Subgroup analysis of different
anticoagulation dose intensities was adjusted for possible
confounders associated with a higher bleeding risk, in-
cluding age, creatinine clearance, platelet count, and
primary brain tumor or brain metastasis. For this analysis,
multiple imputation was used to replace missing variables
20 times using both baseline and outcome data, assuming
a missing-at-random pattern. Results across imputed data
sets were combined using Rubin’s rule.16

A P value less than .05 was statistically significant. All
statistical analyses were performed using R (version 3.5.1;
http://www.r-project.org) using the cmprsk v2.2-7 package
for competing risk analyses and the mice v3.3.0 package
for multiple imputation.

RESULTS

A total of 695 patients were included. Table 1 lists baseline
characteristics. Mean age was 66 years, 58% of patients
were male, and median Karnofsky performance status was
80%. Most common cancer types were colorectal (21%),
lung (15%), and gynecologic cancer (11%). Sixty-four
percent of patients had metastatic disease. Signs and
symptoms possibly related to PE in the 2 weeks before
incidental PE diagnosis were reported by 44% of patients.
PE was confined to the subsegmental arteries in 63 patients
(9.1%).

Median duration between index incidental PE and the
consent date was 6 days (interquartile range [IQR], 1 to
26 days). Median follow-up duration was 305 days (IQR,
170 to 377 days). Eighty-nine patients (13%) were included
after January 1, 2017, and therefore had a follow-up du-
ration that ranged between 6 and 12 months. Thirty-six
patients (5.2%) were lost to follow-up, of whom 26 (72%)
completed 3-month follow-up and 20 (55%) a 6-month
follow-up.

Treatment of Incidental PE

Long-term treatment regimens are listed in Table 2. Anti-
coagulant treatment was initiated in 675 patients (97%).
Most frequently reported reasons for withholding antico-
agulant therapy were bleeding risk (n = 7) and thrombo-
cytopenia (n = 2; Table 2 legend). Median overall treatment
duration was 216 days (IQR, 136 to 360 days). A majority of
patients were treated with low-molecular-weight heparins
(n = 600; 89%), administered at a therapeutic dose in
437 patients (73%). Anticoagulant treatment was perma-
nently discontinued in 189 patients (28%) during follow-
up, mainly as a result of the end of the intended treatment

TABLE 1. Baseline Characteristics of the 695 Patients With Incidental PE
Characteristic Value

Mean age, years (SD) 66 (12)

Male sex, No. (%) 404 (58)

Median Karnofsky performance status, % (IQR) 80 (70-90)

Risk factors for venous thromboembolism, No. (%)

Previous venous thromboembolism 69 (10)

Recent surgery* 52 (7.5)

Recent immobilization of at least 3 days* 91 (13)

Central venous catheter 181 (26)

Ongoing chemotherapy* 374 (54)

Ongoing hormonal therapy* 37 (5.3)

Median creatinine clearance, mL/min (IQR) 79 (63-93)

, 50 mL/min, No. (%) 51 (7.3)

Median platelet count, No. 3 100,000/mL (IQR) 229 (167-295)

, 150,000/mL, No. (%) 125 (18)

Cancer type, No. (%)†

Colorectal 145 (21)

Lung 107 (15)

Gynecologic 77 (11)

Breast 56 (8.1)

Pancreas 38 (5.5)

Kidney 38 (5.5)

Prostate 37 (5.3)

Esophageal 33 (4.7)

Gastric 29 (4.2)

Hematologic 27 (3.9)

Other 150 (22)

Distant metastases, No. (%) 448 (64)

Signs and symptoms (within 14 days before
incidental PE diagnosis), No. (%)

309 (44)

Fatigue 194 (28)

Dyspnea on exertion 120 (17)

Chronic dyspnea 75 (11)

Tachycardia (pulse rate . 100/min) 50 (7.2)

New onset atrial fibrillation 3 (0.4)

Other complaints 49 (7.1)

Most proximal extent incidental PE, No. (%)

Central 100 (15)

Lobar 285 (41)

Segmental 238 (34)

Subsegmental 63 (9.1)

Unknown 9 (1.3)

Abbreviations: IQR, interquartile range; PE, pulmonary embolism; SD, standard
deviation.
*Occurring or administered in the 4 weeks before incidental PE diagnosis.
†Forty-two patients (6%) had multiple tumors.
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period (n = 69; 37%), resolution of the index incidental PE
on imaging (n = 40; 21%), or bleeding (n = 26; 14%).

Recurrent VTE

Recurrent VTE was diagnosed in 41 patients (5.9%),
including eight fatal events, which corresponds to a
12-month cumulative incidence of 6.0% (95% CI, 4.4% to
8.1%). Thirty-two recurrent VTE events (78%) occurred
during the on-treatment period. The 12-month cumulative
incidence of on-treatment recurrent VTE was 4.9% (95%
CI, 3.4% to 6.8%). The types and time course of recurrent
VTE events are listed in Table 3 and Appendix Figure A1

(online only). Recurrent VTE was symptomatic in 53% of
patients and incidentally detected in 47% of patients.

Recurrent VTE occurred in four of 63 patients with sub-
segmental PE (12-month cumulative incidence, 6.4%;
95% CI, 2.0% to 14%) and in 37 of 623 of those with more
proximal PE (12-month cumulative incidence, 6.0%; 95%
CI, 4.3% to 8.2%; crude SHR, 1.1; 95% CI, 0.37 to 2.9;
P = .93; Fig 1). Recurrent VTE events in patients with
subsegmental PE were symptomatic PE (n = 1), incidental
PE (n = 1), symptomatic DVT (n = 1), and death for which
PE could not be ruled out (n = 1). All events occurred
during the on-treatment period; three patients received
therapeutic-dose low-molecular-weight heparin and one

TABLE 2. Long-Term Treatment Regimens of Patients With Incidental
PE
Treatment Regimen Value

Total No. of patients 695

No anticoagulant treatment, No. (%)* 20 (2.9)

Inferior vena cava filter, No. (%) 8 (1.2)

Anticoagulant treatment n = 675

Median treatment duration, days (IQR)† 216 (136-360)

Anticoagulant treatment type, No. (%)

Low-molecular-weight heparin 600 (89)

Therapeutic dose 437 (73)

Intermediate dose 84 (14)

Prophylactic dose 14 (2.3)

Unknown 65 (11)

Direct oral anticoagulant 36 (5.3)

Vitamin K antagonist 16 (2.4)

Fondaparinux 11 (1.6)

Unfractionated heparin 9 (1.3)

Aspirin 3 (0.4)

Treatment of patients with subsegmental PE n = 63

No anticoagulant treatment, No. (%) 7 (11)

Anticoagulant treatment, No. (%) 56 (89)

Therapeutic dose‡ 47 (84)

Prophylactic/intermediate dose‡ 7 (13)

Unknown 2 (3.6)

Abbreviations: IQR, interquartile range; PE, pulmonary embolism.
*Reported reasons for withholding anticoagulant therapy were: high

bleeding risk (n = 7; 35%), thrombocytopenia (n = 2; 10%), recent
bleeding (n = 2; 10%), patient in palliative care or deceased (n = 2;
10%), planned surgery (n = 1; 5%), burden of treatment (n = 1; 5%),
patient preference (n = 1; 5%), drug allergy (n = 1; 5%), asymptomatic
subsegmental PE without deep vein thrombosis (n = 1; 5%), or
unknown (n = 7; 35%).

†Median treatment duration was 214 days (IQR, 138 to 360 days)
with low-molecular-weight heparins, 227 days (IQR, 110 to 331 days)
with direct oral anticoagulants, and 269 days (IQR, 200 to 367 days)
with vitamin K antagonists.

‡Definitions of therapeutic- and prophylactic/intermediate-dose
anticoagulation are provided in Appendix Table A2.

TABLE 3. Clinical Outcomes During 12 Months of Follow-Up
Outcome No. (%)

Total No. of patients 695

Recurrent venous thromboembolism 41 (5.9)

Nonfatal PE with or without DVT 23 (56)

DVT alone 10 (24)

PE-related death 8 (20)

Objectively confirmed fatal PE 1 (13)

Death for which PE could not be ruled out 7 (87)

Major bleeding events during on-treatment period 39 (5.6)

All-cause mortality 283 (41)

Progression of cancer 265 (94)

PE-related death 8 (2.8)

Fatal bleeding 3 (1.1)

Other 7 (2.5)

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary
embolism.
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FIG 1. Cumulative incidence of recurrent venous thromboembolism
(VTE) in patients with subsegmental pulmonary embolism (PE) versus
those with segmental, lobar, or central pulmonary embolism. Re-
current VTE occurred in four of 63 patients with subsegmental PE and
in 37 of 623 of those with more proximal PE.
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patient received intermediate-dose low-molecular-weight
heparin.

In the group of patients with PE isolated to a single sub-
segmental artery, three of 36 patients (12-month cumu-
lative incidence, 8.4%; 95% CI, 2.1% to 21%) had
recurrent VTE compared with 38 of 643 patients with
multiple subsegmental or more proximal PE (12-month
cumulative incidence, 6.0%; 95% CI, 4.3% to 8.1%; crude
SHR, 1.4; 95% CI, 0.4 to 4.6; P = .56; Fig 2).

Six of 103 patients who received prophylactic or intermediate-
dose anticoagulation had recurrent VTE (12-month cu-
mulative incidence, 5.9%; 95% CI, 2.4% to 12%) and
24 of 539 patients receiving therapeutic-dose anticoagula-
tion had recurrent VTE (12-month cumulative incidence,
4.8%; 95% CI, 3.2% to 6.9%; adjusted SHR, 1.25; 95% CI,
0.50 to 3.11; P = .63; Appendix Fig A2, online only).

Major Bleeding

Major bleeding occurred in 39 patients (12-month cu-
mulative incidence, 5.7%; 95% CI, 4.1% to 7.7%; Table 3
and Appendix Fig A3, online only). Most frequent major
bleeding locations were gastrointestinal (n = 21), in-
tracranial (n = 4), and urogenital (n = 3); three (7.7%)
were fatal.

Major bleeding occurred in seven of 103 patients who
received prophylactic or intermediate-dose anticoagulation
(12-month cumulative incidence, 6.9%; 95% CI, 3.0%
to 13%) and in 32 of 539 patients who received thera-
peutic- dose anticoagulation (12-month cumulative inci-
dence, 6.0%; 95% CI, 4.1% to 8.3%; adjusted SHR, 1.31;
95% CI, 0.57 to 3.0; P = .53; Fig 3). We used multiple
imputation to replace the missing values of the variables for
which SHR was adjusted, including age (2.6% missing),
creatinine clearance (25% missing), platelet count (8.5%

missing), and primary brain tumor or brain metastasis (no
missing values).

Mortality

Overall, 283 patients died (41%), which corresponds to
a cumulative incidence at 12months of 43% (95%CI, 39%
to 46%; Appendix Fig A4, online only). Cancer was the
most frequent cause of death (Table 3). Bleeding and PE
accounted for 3.8% of all deaths. Mortality was comparable
in patients with subsegmental PE and in those with more
proximal PE (Appendix Fig A5, online only).

DISCUSSION

The current report describes the results of a large pro-
spective cohort study on current treatment strategies and
associated clinical outcomes in patients with cancer with
incidental PE. Although almost all patients received anti-
coagulant therapy, the risk of recurrent VTE during treat-
ment was significant (12-month incidence, 6%). Patients
with subsegmental incidental PE seemed to have a com-
parable risk of VTE recurrence compared with those with
more proximal PE.

As a result of the widespread use of CT scanning for cancer
diagnosis, staging, and follow-up, oncologists today face
a diagnosis of incidental PE in approximately one in every
20 patients.7 Current clinical guidelines suggest a similar
anticoagulant treatment of at least 3 to 6 months for in-
cidental PE as for symptomatic PE in patients with
cancer,8-10 mainly on the basis of retrospective studies that
have reported comparable rates of recurrent VTE, major
bleeding, and mortality in patients with incidental and
symptomatic PE.14,17-19 For example, a cohort study by den
Exter14 and colleagues that retrospectively included pa-
tients with cancer with incidental PE (n = 51) and symp-
tomatic PE (n = 144) reported a 12-month cumulative
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FIG 2. Cumulative incidence of recurrent venous thromboembolism
(VTE) in patients with single subsegmental pulmonary embolism (PE)
versus those with multiple subsegmental or more proximal PE. Re-
current VTE occurred in three of 36 patients with single subsegmental
PE and in 38 of 643 patients with multiple subsegmental or more
proximal PE.
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FIG 3. Cumulative incidence of on-treatment major bleeding in patients
who received prophylactic or intermediate-dose anticoagulation versus
therapeutic-dose anticoagulation. Major bleeding occurred in seven of
103 patients receiving prophylactic or intermediate-dose anticoagulation
and in 32 of 539 those receiving therapeutic-dose anticoagulation.
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incidence of recurrent VTE of 13.3% and 16.9%, re-
spectively (adjusted hazard ratio, 1.0; 95% CI, 0.4 to 2.9).
In the current study, we observed a lower 12-month cu-
mulative incidence of recurrent VTE of 6.0%, possibly
because of differences in treatment regimens and patient
characteristics. A majority of patients in the current study
were treated with low-molecular-weight heparin, whereas
almost one half of patients in the study by den Exter et al
received vitamin K antagonist therapy, which is associated
with a higher risk of recurrent VTE in patients with cancer.20

In addition, patients with a short life expectancy were ex-
cluded from the current study, whereas patients with ad-
vanced stage cancer may have a higher risk of recurrent
VTE.21 Nonetheless, the risk of recurrence in the current
study was still significant despite anticoagulant treatment,
which supports current clinical guidelines that suggest
standard-of-care anticoagulant therapy for all incidental PE.

The clinical relevance of subsegmental PE remains
a matter of debate, as the increased detection of these
peripheral clots over time has not been paralleled by
a decrease in PE-related mortality,22 interobserver agree-
ment on the location of the most peripheral pulmonary
emboli is reported to be poor,23,24 and the risks of anti-
coagulation may be greater than the benefits.4,25 In patients
with cancer, limited data are available to guide decisions
on the management of subsegmental PE. Similar to the
findings of the current study, a meta-analysis of mostly
retrospective cohorts that totaled 926 patients with cancer
with incidental PE reported a comparable 6-month risk
of recurrent VTE in those with subsegmental and more
proximal PE (7.8% v 5.5%; adjusted hazard ratio 1.3; 95%
CI, 0.57 to 3.0).11 In addition, in the current analysis,
patients with single subsegmental PE also seemed to have
a significant risk of recurrence that was comparable with
multiple subsegmental or more proximal PE, regardless of
treatment strategy. An alternative management approach
to these patients has previously been proposed by the
International Society on Thrombosis and Haemostasis,
which included bilateral compression ultrasonography of
the lower extremities to exclude incidental DVT.10 It is
suggested that in patients without concomitant DVT, the
decision to prescribe anticoagulant treatment can be in-
dividualized by balancing the risks of recurrent VTE and
bleeding, the patient’s preference, and performance status.
If anticoagulation is withheld, frequent monitoring is sug-
gested, including serial bilateral compression ultrasonog-
raphy after 1 week in those with distal DVT to evaluate
thrombus extension. Although we were unable to validate
this approach as patients were not routinely screened for
proximal DVT, the high risk of recurrent VTE despite
anticoagulation in patients with isolated single sub-
segmental PE does not seem to support this wait-and-see
management.

Anticoagulant treatment regimens were found to be het-
erogeneous. Although the reasons for subtherapeutic

dosing were not collected, it could be speculated that lower
dose anticoagulation may have been administered to pa-
tients with a higher risk of bleeding or small PE.

Of interest, the risk of major bleeding was found to be
similar in those who received subtherapeutic-dose anti-
coagulation and therapeutic-dose anticoagulation. This
finding suggests that the risk of major bleeding is high,
regardless of dose intensity. Although we adjusted for
several risk factors for bleeding, residual confounding by
indication could be a contributing factor.

The strengths of the current study include the prospective
design, large study group, and low rate of loss to follow-up.
Information that was entered in the electronic case report
form and adjudication forms was regularly assessed for
inconsistencies, which ensured high-quality data. The risk
of outcome bias was low as all clinical outcomes were
centrally adjudicated by a committee whosemembers were
blinded to treatment.

Several limitations also deserve acknowledgment. The
observational nature of the study limited our ability to adjust
for potentially important unmeasured confounders, which
may have led to biased risk estimates. Treatment regimens
were not mandated by protocol. As a consequence, dif-
ferent dose intensities, agents, and durations may have
led to an underestimation of bleeding rates and an over-
estimation of recurrent VTE rates. The rate of recurrent
VTE and the proportion of patients with (sub)segmental PE
were lower than anticipated, which potentially limited the
statistical power of subgroup analyses. However, the point
estimates of recurrence VTE rates in subsegmental PE and
more proximal PE were similar and the CIs greatly overlap,
which strengthens the conclusion that the recurrent rates
are indeed not different.

As patients were included in the current study up to
2 months after incidental PE diagnosis, recall bias may have
occurred with regard to preceding signs and symptoms.
Nevertheless, almost one half of patients reported symptoms
or signs possibly related to PE in the 2 weeks before incidental
PE diagnosis, which is in line with previous reports.17,18

Results of the current study indicate that patients with
cancer with incidental PE have a high risk of recurrent VTE
despite anticoagulant treatment, which strengthens cur-
rent guideline advice to treat incidental PE as symptomatic
PE for at least 3 to 6 months. Patients with subsegmental
PE seemed to have a risk of VTE recurrence that was
comparable with that of patients who had more proximal
PE, regardless of the type and dose of anticoagulation,
although this subgroup analysis should be considered
hypothesis generating. Future intervention studies should
validate our findings in patients receiving a standardized
treatment regimen and assess whether anticoagulation
may be withheld in selected cancer patients with isolated
single subsegmental PE who are deemed to have a low risk
of recurrent VTE.
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APPENDIX UPE investigators

The collaborators of the UPE investigators include: Accassat S,
Aquilanti S, Assaf JD, Baars J, Beenen LFM, Bergmann JF, Bozas G,
Caliandro R, Carrier M, Confrere E, Constans J, Désormais I,
Dublanchet N, Endig S, Falanga A, Falvo N, Ferrer Pérez AI, Garcı́a
Escobar I, Gonzàlez Santiago S, Grange C, Helfer H, Kleinjan A,
Lalezari F, deMagalhaes E, Marten S, Martinez del Prado P, Otten HM,
Paleiron N, Pérez Ramı́rez S, Pinson M, Piovella F, Planquette B,
Rickles F, Russi I, Rutjes AW, Salgado Fernàndez M, Sanchez O,
Sevestre MA, Schmidt J, Thaler J, Torres Pérez-Solero G, Tromeur C,
Zumàrraga Cuesta A
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Major bleeding: 5.7% at 365 days

FIG A3. Cumulative incidence of major bleeding during the on-
treatment period. Major bleeding occurred in 39 patients.
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FIG A4. Kaplan-Meier curve for survival. Overall, 283 patients died.
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FIG A1. Cumulative incidence of recurrent venous thromboembolism
(VTE). Recurrent VTE occurred in 41 patients.
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FIG A2. Cumulative incidence of on-treatment recurrent venous
thromboembolism (VTE) in patients who received prophylactic or
intermediate-dose anticoagulation versus therapeutic-dose anti-
coagulation. Recurrent VTE occurred in six of 103 patients receiving
prophylactic or intermediate-dose anticoagulation and in 24 of 539
those receiving therapeutic-dose anticoagulation.
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Subsegmental PE: Survival at
365 days: 49.9% (95% CI: 38.5 to 64.6)
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365 days: 58.2% (95% CI: 54.2 to 62.4)
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FIG A5. Kaplan-Meier curve for survival in patients with subsegmental
pulmonary embolism (PE) versus segmental, lobar, or central PE.
Thirty of 63 patients with subsegmental PE and 251 of 623 patients
with more proximal PE died during the course of the study.
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TABLE A1. Participating Centers and Investigators of the Unsuspected Pulmonary Embolism Study
Center Investigator

The Netherlands

Amsterdam UMC/University of Amsterdam, Amsterdam
(international coordinating center)

Noémie Kraaijpoel, Suzanne M. Bleker, Nick van Es,
Ludo F.M. Beenen, Ankie Kleinjan, Harry Büller

Netherlands Cancer Institute, Amsterdam Annemarieke Bartels-Rutten, Ferry Lalezari, Joke Baars

Slotervaartziekenhuis, Amsterdam Hans-Martin Otten

France

Assistance Publique–Hôpitaux de Paris Hôpital Louis Mourier,
Colombes (national coordinating center)

Isabelle Mahé, Hélène Helfer, Michèle Pinson

Hôpital Européen Georges-Pompidou, Paris Guy Meyer, Benjamin Planquette, Olivier Sanchez

CHU de St-Etienne, Saint-Etienne, France Laurent Bertoletti, Sandrine Accassat, Elodie de Magalhaes

CHU de Bordeaux–Hôpital Saint-André, Bordeaux Carine Boulon, Joel Constans

Hôpital de la Cavale Blanche, CHRU de Brest, Brest Francis Couturaud, Cécile Tromeur

CHU Limoges, Hôpital Dupuytren Philippe Lacroix, Ileana Désormais

Institut Mutualiste Montsouris, Paris Philippe Girard, Raffaele Caliandro

CHU de Clermont-Ferrand, Hôpital Gabriel-Montpied, Clermont-Ferrand Jeannot Schmidt, Nicolas Dublanchet

Hôpital privé Arras les Bonnettes, Arras Sandro Aquilanti, Emilie Confrere

Hôpital d’Instruction des Armées Clermont-Tonnerre, Brest Nicolas Paleiron

Centre Hospitalier Lyon-Sud, Lyon Claire Grange

CHU Amiens-Picardie, Amiens Marie-Antoinette Sevestre

CHU Dijon Bourgogne, Dijon Nicolas Falvo

Hôpital Lariboisière, Paris Jean-François Bergmann

Germany

Universitätsklinikum Carl Gustav Carus, Dresden Jan Beyer-Westendorf, Sebastian Endig, Sandra Marten

Austria

Medizinische Universität Wien, Vienna Johannes Thaler

Italy

Gabriele D’Annunzio University, Chieti (national coordinating center) Marcello Di Nisio, Ettore Porreca, Anne W. Rutjes, Ilaria Russi

Azienda Socio Sanitaria Territoriale Papa Giovanni XXIII, Bergamo Teresa Lerede, Anna Falanga

Ospedale “A. Manzoni,” Lecco Diana I. Iosub

IRCCS Istituti Clinici Scientifici Maugeri Pavia Franco Piovella

Spain

Hospital General Universitario Gregorio Marañon, Madrid (national
coordinating center)

Andrés Muñoz, Sara Pérez Ramı́rez,
Gabriela Torres Pérez-Solero

Hospital Vall D’Hebron, Barcelona Mercedes Biosca, Juan David Assaf

Hospital de Basurto, Bilbao Purificación Martinez del Prado, Ane Zumárraga Cuesta

Hospital San Pedro de Alcántara, Cáceres Ignacio Garcı́a Escobar, Santiago Gonzàlez Santiago

Hospital Obispo Polanco, Teruel Ana I. Ferrer Pérez

Hospital Santa Marı́a Nai, Ourense Mercedes Salgado Fernández

United Kingdom

The Queen’s Centre for Oncology and Haematology, Castle Hill
Hospital, Cottingham

Anthony Maraveyas, George Bozas

United States

Washington DC Veterans Affairs Medical Center, Washington, DC Anita Aggarwal, Frederick Rickles

Canada

The Ottawa Hospital, Ottawa, Ontario Marc Carrier

Abbreviations: CHRU, Centre Hospitalier Régionaux et Universitaire; CHU, Centre Hospitalier Universitaire; IRCCS, Istituto di Ricovero e Cura a Carattere
Scientifico.
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TABLE A2. Definitions of Study Outcomes
Definition

Recurrent venous thromboembolism

Defined as objectively confirmed symptomatic or incidental DVT of the lower extremity or PE, or PE-related death

Criteria for objectively confirmed recurrent PE were as follows: a new intraluminal filling defect on computed tomography or magnetic resonance imaging,
or extension of an existing defect, a new sudden cutoff of vessels of. 2.5 mm in diameter on pulmonary angiogram, or as a new perfusion defect of at
least 75% of a segment with a local normal ventilation result (high probability) on ventilation perfusion lung scan

DVT, either proximal or distal, was confirmed by noncompressibility on compression ultrasonography, an intraluminal filling defect on venography, or
extension of a previous noncompressible venous segment or intraluminal filling defect

Death was considered to be related to PE if the PE was objectively confirmed by imaging tests shortly before death or by autopsy, or in the case of an
unexplained death for which PE could not be ruled out

Major bleeding

Defined as clinically overt bleeding associated with a decrease in hemoglobin of $ 2 g/dL that required transfusion of two or more units of RBCs,
occurring in a critical site (intracranial, intraocular, intraspinal, retroperitoneal, pericardial, intra-articular, or intramuscular with compartment
syndrome), or as fatal bleeding, per International Society on Thrombosis and Haemostasis criteria13

Mortality

Defined as being related to cancer, PE, bleeding, or other causes

Abbreviations: DVT, deep vein thrombosis; PE, pulmonary embolism.

TABLE A3. Definitions for Different Anticoagulant Dose Intensities
Dose Intensity Definition

Prophylactic dose Low-molecular-weight heparin at a prophylactic
dose as indicated by the study physician

Fondaparinux 2.5 mg once per day

Direct oral anticoagulants at a prophylactic dose

Rivaroxaban 10 mg once per day

Apixaban 2.5 mg twice per day

Aspirin 80 or 100 mg once per day

Intermediate dose Low-molecular-weight heparin at an intermediate
dose as indicated by the study physician

Therapeutic dose Low-molecular-weight heparin at a therapeutic
dose as indicated by the study physician

Unfractionated heparin

Fondaparinux 7.5 mg once per day

Vitamin K antagonists

Direct oral anticoagulants at a therapeutic dose

Rivaroxaban 15 mg twice per day or 20 mg
once per day

Apixaban 5 or 10 mg twice per day

Dabigatran 150 mg twice per day

Edoxaban 60 mg once per day
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