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ABSTRACT The study aimed to identify predictors of overall 30-day mortality in cancer patients with
pulmonary embolism including suspected pulmonary embolism (SPE) and unsuspected pulmonary
embolism (UPE) events. Secondary outcomes included 30- and 90-day major bleeding and venous
thromboembolism (VTE) recurrence.

The study cohort included 1033 consecutive patients with pulmonary embolism from the multicentre
observational ambispective EPIPHANY study (March 2006-October 2014). A subgroup of 497 patients
prospectively assessed for the study were subclassified into three work-up scenarios (SPE, truly
asymptomatic UPE and UPE with symptoms) to assess outcomes.

The overall 30-day mortality rate was 14%. The following variables were associated with the overall 30-
day mortality on multivariate analysis: VTE history, upper gastrointestinal cancers, metastatic disease,
cancer progression, performance status, arterial hypotension <100 mmHg, heart rate >110 beats-min_l,
basal oxygen saturation <90% and SPE (versus overall UPE).

The overall 30-day mortality was significantly lower in patients with truly asymptomatic UPE events
(3%) compared with those with UPE-S (20%) and SPE (21%) (p<0.0001). Thirty- and 90-day VTE
recurrence and major bleeding rates were similar in all the groups.

In conclusion, variables associated with the severity of cancer and pulmonary embolism were associated
with short-term mortality. Our findings may help to develop pulmonary embolism risk-assessment models
in this setting.
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Introduction

Venous thromboembolism (VTE) including deep vein thrombosis and pulmonary embolism is associated
with increased mortality in cancer patients [1]. In turn, cancer has been found to be an independent
predictor of death in series of patients with acute pulmonary embolism [2, 3] and has been included as a
predictive variable in validated pulmonary embolism prognostic models [4-6]. Thus, it implies that it is
practically impossible for cancer patients to be classified in the “low risk”, categories which limits their
utility in this setting. This fact has led to the development of cancer-specific risk-assessment tools for
acute symptomatic or suspected pulmonary embolism (SPE) [7-9].

However, incidental or unsuspected pulmonary embolism (UPE) is reported in 1-5% of scheduled
computed tomography (CT) scans performed in cancer patients for reasons other than pulmonary
embolism suspicion [10], representing about half of the pulmonary embolisms currently diagnosed in
oncology [11-14]. Data from retrospective and observational studies suggest that the embolic burden in
UPE is similar to that in SPE [12, 14, 15], and that UPE could have an adverse impact on patient survival
[16]. In addition, similar outcomes have been observed in overall mortality, major bleeding and recurrent
VTE on comparing patients with UPE to those with symptomatic events [14, 17]. Thus, in the absence of
data from controlled trials, international clinical guidelines currently recommend that incidental VTE be
treated similarly to symptomatic thrombosis [18-20].

Nonetheless, limited information is available about the specific predictors of adverse outcomes in patients with
cancer-associated pulmonary embolism, particularly in cases of UPE. We hypothesised that variables related to
the clinical scenario at pulmonary embolism presentation such as inpatient versus outpatient setting, cancer
type and severity as well as the characteristics of the thrombotic event itself (pulmonary embolism suspicion,
abnormality in vital signs) might influence the short-term mortality of these patients. Therefore, the aim of the
present study was to assess the variables associated with 30-day mortality in cancer patients with pulmonary
embolism (SPE and UPE events), as potentially useful to develop risk-classification tools for individualising
acute-phase pulmonary embolism management in this setting. We also assessed the outcomes according to
three work-up scenarios: SPE, UPE with symptoms (UPE-S) and truly asymptomatic UPE (TA-UPE) events.

Methods

Study design

This multicentre observational ambispective EPIPHANY study was aimed to describe the clinical
characteristics and outcomes of patients with cancer-associated pulmonary embolism including acute suspected
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and unsuspected events [21]. The primary endpoint was the overall 30-day mortality rate and the identification
of variables associated with death. Secondary outcomes included: 1) 30- and 90-day major bleeding and VTE
recurrence rates; and 2) Outcome measures according to three clinical pulmonary embolism work-up scenarios
(SPE, UPE-S and TA-UPE) in patients prospectively assessed for the present study (table 1).

The study was conducted in 14 Spanish teaching hospitals. A clinician experienced in supportive cancer
care gathered and updated clinical information and a senior radiologist reviewed the pulmonary
embolism-related radiological data at each participating centre. A centralised web platform specifically
designed for the study was used for electronic data collection. The inclusion of patients started on October
1, 2013 and ended on October 31, 2014. Each patient was included in the study only once with only one
“index pulmonary embolism” evaluable for acute variables. If multiple pulmonary embolisms occurred in
the same patient, they were considered as medical history (if occurring >3 months prior to the index
pulmonary embolism) or as VTE recurrence during follow-up.

A minimum observation period of 90 days after the index pulmonary embolism was required. On-site or remote
monitoring was performed at all sites for the adjudication of the critical outcome measures. Bleeding events were
classified as major according to the International Society of Thrombosis and Haemostasis criteria [24]. Recurrent
VTE diagnosis during follow-up required objective confirmation. Causes of death were recorded according to a
multiple-choice classification: pulmonary embolism, cancer progression, bleeding and/or infection.

Study population

The study was carried out with ambispective recruitment of consecutively eligible patients including: 1) well-
documented retrospectively reviewed cases according to a systematic search of local radiology or clinical files
from March 2006 onwards up to October 2013 partially reported as part of previous studies [12, 25]; and
2) patients prospectively assessed according to local protocols specifically developed for the present study
aimed to ensure the inclusion of all new cancer-associated pulmonary embolism cases in each participating
centre after October 2013.

The inclusion criteria were: i) adult (>18 years); ii) active cancer or receiving adjuvant chemotherapy;
iii) objectively confirmed pulmonary embolism including SPE and UPE events; and iv) anticoagulation as
part of daily clinical practice according to international guidelines [18-20, 26].

TABLE 1 Work-up scenarios defined for clinical cancer-associated pulmonary embolism classification

Suspected pulmonary Unsuspected pulmonary embolism
embolism
With symptoms Truly asymptomatic
Clinical pulmonary embolism suspicion Yes No No
Setting Inpatient or outpatient Inpatient or outpatient Outpatient
Intention of clinicians when ordering Unscheduled imaging test Either scheduled or unplanned Scheduled computed
imaging tests specifically performed conventional computed tomography scan performed
to depict pulmonary tomography scan performed for reasons other than
embolism for reasons other than pulmonary embolism
pulmonary embolism suspicion, usually cancer
suspicion monitoring
Confirmatory imaging test CTPA or Conventional computed Conventional computed
high probability tomography scan tomography scan

ventilation/perfusion
pulmonary scintigraphy
according to the PIOPED
criteria [22]

Clinical findings at pulmonary embolism Presence of symptoms Presence of new symptoms No symptoms suspicious of
presentation and/or abnormality in and/or abnormality in vital pulmonary embolism and
vital signs that led signs potentially attributable vital signs within normal
clinicians to depict to pulmonary embolism limits [23] including: blood
pulmonary embolism pressure >100 mmHg,

heart rate <100 beats-min™"

and basal oxygen
saturation >95%

CTPA: Computed tomography with pulmonary angiography.

https://doi.org/10.1183/13993003.00282-2016 3
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The exclusion criteria were: i) pulmonary embolism more than 1 month prior to cancer diagnosis;
ii) pulmonary embolism more than 4 weeks after completing adjuvant chemotherapy; and iii) patients
receiving other adjuvant therapies such as hormone therapy after radical anticancer treatments.

The study was approved by the local Clinical Research Ethics Boards at each participating hospital.
Informed written consent was obtained from all the prospectively enrolled participants.

Clinical variables

The demographic and clinical variables at pulmonary embolism diagnosis included age, sex, VTE history,
chronic cardiopulmonary conditions, body weight, inpatient or ambulatory, performance status according
to the Eastern Cooperative Oncology Group (ECOG) scale [27], cancer type and stage, cancer status
according to standard oncological evaluation (complete or partial response, stable disease or cancer
progression) [28], anticancer therapies within 1 month before pulmonary embolism, vital signs (blood
pressure and heart rate), basal pulse-oximetry, presence of symptoms (yes or no) as a general category, the
presence and characteristics of dyspnoea (sudden, progressive or self-limited), chest pain, syncope or faint
and haemoptysis. We also recorded the attribution of symptoms as a multiple-choice option (pulmonary
embolism, cancer, chemotherapy and/or other comorbidities) and the initial (first 5-10 days) and
long-term (beyond the initial treatment up to 3 months) pulmonary embolism management.

Pulmonary embolism diagnosis and classification

All pulmonary embolisms were objectively confirmed by standard radiological methods. The radiological
variables analysed for the present study were categorised as: 1) single versus multiple pulmonary
embolism; 2) unilateral versus bilateral lung involvement; and 3) troncular (principal arteries), lobar,
segmentary, multi-subsegmentary and isolated subsegmentary pulmonary embolism according to the most
proximal clot seen in pulmonary arteries.

Table 1 summarises the criteria used for pulmonary embolism classification based on the intention of
clinicians when ordering imaging tests. Briefly, SPE was diagnosed when confirmatory imaging tests
(ventilation/perfusion scintigraphy or computed tomography with pulmonary angiography (CTPA)) were
specifically performed to depict pulmonary embolism whereas UPE when diagnosed on conventional
computed tomography scans performed for reasons other than pulmonary embolism suspicion.

Based on additional clinical parameters, patients with UPE were subclassified as UPE-S versus TA-UPE,
this latter subgroup defined as outpatient undergoing a scheduled computed tomography scan and without
symptoms or signs suspicious of pulmonary embolism at clinical evaluation.

Statistical analysis

Categorical variables were compared by the Chi-squared or Fisher’s test and continuous variables were
compared using the t-test or Mann-Whitney U-test as appropriate according to normality and
homoscedasticity. Univariate and multivariate logistic regression analyses were performed in the whole
cohort to determine the strength of association between each potential predictor and overall 30-day
mortality. We included variables related to demographics, comorbidities, cancer-related characteristics,
radiological findings, vital signs and the variable SPE (versus UPE) as a surrogate of having symptoms in
the whole cohort to compare patients who died or were alive at 30 days after the index pulmonary
embolism. Variables with p-values of <0.10 on univariate analysis were eligible for multivariate analyses
using the backward conditional method. Overall survival at 90 days of follow-up was estimated with the
Kaplan-Meier method and comparisons between the work-up scenarios classification groups were made
using the log-rank test. The overall survival was calculated as the time from the index pulmonary
embolism to death or censored data at 90 days of follow-up. Statistical significance was established at
p<0.05 (two-sided). Calculations were carried out with the IBM SPSS Statistics 22 software (SPSS Inc.,
Chicago, IL, USA).

Results

Patient characteristics

We enrolled 1033 consecutive eligible patients (429 with SPE and 604 UPE) with prospective assessment
of clinical data in 497 cases (48% of the whole cohort) (figure 1).

Patients with SPE were diagnosed by CTPA in 402 cases and by lung scintigraphy in 27 cases. The UPE
group comprised: 557 stable patients who underwent scheduled computed tomography scans, with 43
cases undergoing an unplanned conventional computed tomography scan for clinical suspicion of cancer
progression, and in four additional patients doubtful pulmonary embolism images found in the scheduled
computed tomography scan required imaging confirmation by CTPA.

https://doi.org/10.1183/13993003.00282-2016 4
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Patients screened
n=1184

Excluded n=100
Declined to participate n=6
Missing values n=16
Multiple PE episodes for a single patient n=48
Incomplete follow-up n=12
Tumoral thrombi n=8
Non-adherence to guidelines n=10

A4

v

Assessed for eligibility
n=1084

Did not meet inclusion criteria n=51
Radiological test unknown n=5
CT scan quality did not allow PE assessment n=5
Radiological data of PE not available n=41

Eligible patients with cancer-associated PE

n=1033
Data collection n=1033 PE suspicion n=1033
Retrospective n=536 (52%) Unsuspected PE n=604 (58%)
Prospectively assessed n=497 (48%]) Suspected PE n=429 (42%)

FIGURE 1 EPIPHANY study flowchart diagram. PE: pulmonary embolism; CT: computed tomography.

On comparing the baseline characteristics of patients with UPE and SPE (table 2) we found that those
with SPE were more likely to have concomitant VTE, chronic lung and heart conditions and major
surgery within 30 days prior to the pulmonary embolism compared to patients with UPE. In turn,
colorectal and upper gastrointestinal cancers, metastatic disease, good performance status ECOG 0-1 and
biological anticancer therapies were more frequently observed in patients with UPE.

We also compared the main clinical variables of patients enrolled in the study according to prospective and
retrospective data collection (supplementary material). It is of note that no differences were found with
regard to most of the variables recorded although significant differences were observed in the following
variables: concomitant VTE and being inpatient at pulmonary embolism diagnosis (more frequently
observed in the retrospective group) and chronic lung condition, lung cancer, metastatic disease, presence
of symptoms and chest pain, the latter being more likely found in the prospectively assessed group.

The characteristics of 497 prospectively assessed patients according to triple clinical scenario classification
(31% TA-UPE, 26% UPE-S and 43% SPE) are shown in table 3. Patients with UPE-S were more likely to
have metastatic disease and cancer progression compared to patients with TA-UPE and SPE. In turn, good
performance status (ECOG 0-1), chemotherapy and biological therapies were more frequent in patients
with TA-UPE whereas greater abnormality in vital signs and lower oxygen saturation were more frequent
in patients with SPE.

Of note, overall, a remarkable 44% of patients did not complain of symptoms including: 100% of patients with
TA-UPE; 36% of cases with UPE-S who fulfilled this category for abnormal vital signs and/or for being
inpatients for other reasons at pulmonary embolism diagnosis and 8% of patients with SPE in whom clinicians
decided to depict pulmonary embolism based on abnormal vital signs and/or low oxygen saturation.

With regard to the radiological variables analysed, patients with SPE were more likely to have bilateral and
multiple pulmonary embolisms as well as involvement of troncular arteries compared to patients with
unsuspected events. It was of note that subsegmentary arteries as the most proximal vascular involvement
accounted for less than 5% of the cases in all the groups.

Overall 30-day mortality and predictors of death

144 patients died during the first 30 days after the index event (14% of the whole cohort). The following
variables were associated with death at the 30-day of follow-up on multivariate analysis (table 4): VTE
history, upper gastrointestinal cancers, metastatic disease, cancer progression, performance status ECOG
>2, blood pressure <100 mmHg, heart rate >110 beats-min~!, basal oxygen saturation <90% and SPE

https://doi.org/10.1183/13993003.00282-2016 5
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TABLE 2 Baseline characteristics of the whole cohort and according to the presence of UPE or SPE

Overall UPE SPE p-value
Total n 1033 604 429
Age
<60 years 340 (33) 195 (32) 145 (34) NS
61-70 years 329 (32) 202 (33) 127 (30)
71-80 years 285 (27) 167 (27) 118 (27)
>80 years 79 (8) 40 (7) 39 (9)
Age years 65+11.5 65+11.4 65+12.5 NS
Male 561 (54) 333 (55) 228 (53) NS
Weight kg 72.0£14.4 71.7£14.0 72.4£14.9 NS
VTE history 120 (12) 67 (11) 53 (12) NS
Concomitant VTE 260 (25) 133 (22) 127 (30) 0.004
Inpatient at pulmonary embolism diagnosis 236 (23) 132 (22) 104 (24) NS
Chronic lung disease 125 (12) 60 (10) 65 (15) 0.008
Chronic heart disease 56 (5) 26 (4) 30 (7) 0.042
Tumour type
Lung 265 (26) 152 (25) 113 (26) NS
Colorrectal 185 (18] 121 (20) 64 (15) 0.021
Upper gastrointestinal 144 (14) 94 (16) 50 (12) 0.044
Breast 119 (12) 64 (11) 55 (13) NS
Urological 94 (9) 49 (8) 45 (11) NS
Gynaecological 79 (8) 44 (7) 35 (8) NS
Other 147 (14) 80 (13) 67 (16) NS
Tumour stage 0.004
| 37 (4) 16 (3) 21 (5)
I 64 (6) 29 (5) 35 (8)
I 169 (16) 89 (15) 80 (19)
\% 763 (74) 470 (78) 293 (68)
Cancer progression 391 (38) 229 (38) 162 (38) NS
ECOG <0.001
ECOG 0-1 554 (54) 359 (59) 195 (45)
ECOG 2 290 (28) 149 (25) 141 (33)
ECOG 3 179 (17) 89 (15) 90 (21)
ECOG 4 10 (1) 7(1) 31
Therapy 30 days prior to VTE
Chemotherapy 556 (54) 338 (5¢) 218 (51) NS
Cisplatin-based 111 (11) 69 (11) 42 (10) NS
Biological therapy 138 (13) 102 (17) 36 (8) <0.0001
Hormone therapy 87 (8) 45 (7) 42 (9) NS
Major surgery 73 (7) 27 (4) 46 (11) <0.0001
ESA 47 (4) 29 (5) 18 (4) NS

Data are presented as n (%) or mean#sp, unless otherwise stated. UPE: unsuspected pulmonary embolism;
SPE: suspected pulmonary embolism; VTE: venous thromboembolism; ECOG: Eastern Cooperative
Oncology Group; ESA: Erythropoietin stimulating agent; NS: Not significant.

(versus overall UPE). Notably, neither age as a continuous or categorised variable nor chronic lung and
heart conditions were associated with 30-day mortality in our study.

It was of note that the 30-day mortality was increased when the pulmonary embolism occurred in
inpatients compared to pulmonary embolism in ambulatory patients, although the difference did not reach
statistical differences on multivariate analysis (p=0.064).

Pulmonary embolism management and outcomes according to pulmonary embolism

work-up scenarios

Table 5 shows the information about the initial and long-term pulmonary embolism management as well
as the 30- and 90-day outcomes in the whole cohort and according to the pulmonary embolism work-up
scenarios. The overall 30-day mortality rate was significantly lower in patients with TA-UPE compared to
those with UPE-S and SPE (3%, 20% and 21%, respectively; p<0.001).

With regard to the causes of death at the 30-day follow-up, clinicians considered the pulmonary embolism as
a single cause of 30-day death in 2% of patients (19 out of 1033 considering the whole cohort and nine out of

https://doi.org/10.1183/13993003.00282-2016 6
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TABLE 3 Baseline characteristics in 497 prospectively-assessed patients according to work-up

scenarios
Overall TA-UPE UPE-S SPE p-value
Total n 497 154 (31) 129 26 214 (43)
Age years NS
<60 168 (34) 52 (34) 46 (35) 70 (33)
61-70 163 (33) 51 (33) 41(32) 71 (33)
71-80 135 (27) 40 (26) 36 (28) 59 (28)
>80 31 (6) 11(7) 6 (5) 14 (6)
Male 283 (57) 90 (58) 72 (56) 121 (57) NS
Chronic lung disease 75 (15) 17 (11) 18 (14) 40 (19) NS
Chronic heart disease 28 (6) 5(3) 6 (5) 17 (8) NS
VTE history 60 (12) 16 (10) 15 (12) 29 (14) NS
Concomitant DVT 107 (22) 28 (18) 27 (21) 52 (24) NS
Inpatient at pulmonary embolism diagnosis 100 (20) 0 53 (41) 47 (22) <0.001
Tumour type NS
Lung 153 (31) 41 (27) 45 (35) 67 (31)
Colorrectal 78 (15) 32(21) 15 (12) 31 (14)
Upper gastrointestinal 64 (13) 22 (14) 18 (14) 24.(11)
Breast 53 (11 14 (9) 12 (9) 27 (13)
Urological 48 (10) 17 (1) 12 (9) 19 (9)
Gynaecological 41(8) 14 (9) 10 (8) 17 (8)
Other 60 (12) 14 (9) 17 (13) 29 (14)
Metastatic cancer 391 (79) 124 (80) 111 (86) 156 (73) 0.016
Cancer progression [yes) 198 (40) 54 (35) 62 (48) 82 (38) 0.07
ECOG 0-1 263 (53) 109 (71) 55 (43) 99 (46) <0.001
Treatments 30 days prior pulmonary embolism
Major surgery 38 (8) 7 (5) 3(2) 28 (13) <0.001
Chemotherapy 272 (55) 98 (64) 56 (43) 118 (55) 0.003
Biological 72 (15) 35 (23) 15 (12) 22 (10) 0.002
Hormonal 39 (8) 14 (9) 7 (5) 18 (8) NS
No symptoms 217 (44) 154 (100) 47(36) 16 (8) <0.001
Dyspnoea <0.001
No 247 (50) 154 (100) 59 (47) 34 (16)
Sudden 92 (19) 0 11 (9) 81 (38)
Progressive 143 (29) 0 48 (38) 95 (44)
Self-limited 12 (2) 0 8 (¢ 4(2)
Chest pain 99 (20) 0 24 (19) 75 (35) <0.001
Syncope or faint 28 (6) 0 7 (5) 21 (10) <0.001
Haemoptysis 18 (4) 0 7 (5) 11 (5) 0.015
Attribution of symptoms
PE 263 (53) 0 79 (61) 184 (86) <0.001
Cancer 86 (17) 0 36 (28) 50 (23) <0.001
Other conditions 47 (10) 0 14 (11) 33 (15) <0.001
Heart rate >100 beats-min~" 169 (34) 0 39 (31) 129 (60) <0.001
Blood pressure <100 mmHg 47 (9) 0 14 (11) 33 (15) <0.001
Oxygen saturation <0.001
>95% 341 (68) 154 (100) 94 (73) 93 (43)
91-94% 78 (16) 0 24 (18) 54 (25)
81-90% 63 (13) 0 10 (8) 53 (25)
<80 15 (3) 0 101) 14 (7)
Radiological findings
Bilateral lung involvement 264 (53) 67 (43) 62 (48) 135 (63) <0.001
Multiple pulmonary embolism 409 (82) 117 (76) 106 (82) 186 (87) 0.025
Most proximal clot seen:
Troncular 154 (31) 35 (23) 38 (30) 81 (39) 0.005
Lobar 153 (31) 58 (38) 47 (37) 48 (23) 0.003
Segmentary 136 (28) 50 (33) 26 (20) 60 (29) 0.076
Multi-sub-segmentary 12 (3) 3(2) 2(2) 7 (3.5) NS
Isolated subsegmentary 4(1) 1(1) 0 31 NS

Data are presented as n (%), unless otherwise stated. TA-UPE: truly asymptomatic unsuspected pulmonary
embolism; UPE-S: unsuspected pulmonary embolism with symptoms; SPE: suspected pulmonary embolism;
VTE: venous thromboembolism; DVT: deep vein thrombosis; ECOG: Eastern Cooperative Cancer Group;
NS: not significant.

https://doi.org/10.1183/13993003.00282-2016 7
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TABLE 4 Univariate and multivariate analysis of covariates associated with the overall 30-day mortality in the whole cohort

Overall Alive at Dead at Univariate analysis Multivariate analysis
30 days 30 days
OR (95% ClI) p-value OR (95% CI) p-value
Total n 1033 889 (86) 144 (14)
Age years NS
<60 years 340 (33) 289 (33) 51 (35)
61-70 329 (32) 288 (32) 41 (29)
71-80 285 (27) 243 (27) 42 (29)
>80 79 (8) 69 (8] 10 (7)
Age years 6512 65+12 6512 NS
Male 561 (54) 483 (54) 78 (54) NS
Chronic lung disease 125 (12) 107 (12) 18 (13) NS
Chronic heart condition 56 (5) 47 (5) 9 (6) NS
Body weight meanzsp 72+14.4 72.3+14.5 70.2+13.1 NS
Body weight <60 Kg 175 (17) 141 (16) 34 (24) 1.633 (1.068-2.497) 0.024 NS
VTE history 120 (12) 96 (11) 24.(17) 1.652 (1.015-2.688) 0.043 2.178 (1.224-3.875) 0.008
Concomitant VTE 260 (25) 228 (2¢) 32 (22) NS
Inpatient at pulmonary embolism 236 (23) 189 (21) 47 (33) 1.795 (1.223-2.634)  0.003 1.530 (0.975-2.401)  0.064
diagnosis
Tumour type
Lung 265 (26) 221 (25) 44 (31) NS
Colorrectal 185 (18) 170 (19) 15 (10) 0.492 (0.281-0.861) 0.013 NS
Upper gastrointestinal 144 (14) 111 (13) 33 (23) 2.084 (1.347-3.224)  0.001 2.429 (1.436-4.109)  0.001
Breast 119 (12) 106 (12) 13 (9) NS
Urological 94 (9) 82 (9) 12 (8) NS
Gynaecological 79 (8) 68 (8) 11 (8) NS
Other 147 (14)
Metastatic cancer 763 (74) 630 (71) 133 (92) 4.971 (2.643-9.348) <0.001 2.756 (1.380-5.505) 0.004
Cancer progression (yes) 391 (38) 295 (33) 96 (67) 4.027 (2.772-5.851) <0.001 2.663 (1.729-4.100) <0.001
ECOG 2, 3 or 4 (versus 0-1) 479 (46) 362 (41) 117 (81) 6.308 (4.067-9.788) <0.001 3.528 (2.194-5.674) <0.001
Treatments 30-day prior
pulmonary embolism
Major surgery 73 (7) 65 (7) 8 (6) NS
Chemotherapy 556 (54) 481 (54) 75 (52) NS
Hormonal 87 (8) 80 (9) 7 (5) NS
Biological 138 (13) 14 (10) 124 (14) NS
Blood pressure <100 mmHg 99 (10) 68 (8) 31(22) 3.332(2.084-5.327)  <0.001  1.469 (1.009-3.103)  0.046
Heart rate =110 beats-min~’ 168 (17) 120 (14) 48 (34) 3.217 (2.162-4.787) <0.001 1.761 (1.065-2.912) 0.028
Oxygen saturation <90% 169 (17) 113 (13) 56 (39) 4.369 (2.959-6.450) <0.001 2.214 (1.364-3.596) 0.001
UPE 604 (58) 550 (62) 54 (38)
SPE 429 (42) 339 (38) 90 (62) 2.704 (1.879-3.889) <0.001 1.978 (1.254-3.118) 0.003
Radiological findings
Bilateral lung involvement 554 (54) 475 (54) 79 (55) NS
Multiple pulmonary embolisms 830 (80) 705 (79) 125 (87) 1.717 (1.032-2.521)  0.037 NS
(versus single)
Most proximal clot seen
Troncular 309 (30) 264 (30) 45 (31) NS
Lobar 339 (35) 300 (36) 39 (28) NS
Segmentary 294 (30) 245 (29) 49 (36) NS
Multi-sub-segmentary 24 (2) 20 (2) 4(3) NS
Isolated subsegmentary 11 (1) 11 (1) 0 NS

Data are presented as n (%) or mean+SD, unless otherwise stated. VTE: venous thromboembolism; ECOG: Eastern Cooperative Cancer Group;
UPE: unsuspected pulmonary embolism; SPE: suspected pulmonary embolism; NS: not significant.

497 in prospectively assessed patients). Notably, death was more frequently related to pulmonary embolism
(including pulmonary embolism as a single cause and pulmonary embolism in association with other
conditions) in patients with SPE while death was mainly attributed to cancer in patients with UPE events.

The overall mortality rates at the 90-day follow-up were 27% considering the whole cohort and 29% in the
overall prospectively assessed cases. At 90 days, the mortality rates were significantly higher in patients
with UPE-S (43%) than in those with SPE (33%) and TA-UPE (12%) (p<0.001), and cancer was
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TABLE 5 Pulmonary embolism management and outcomes in the whole cohort (n=1033) and the triple work-up scenarios (n=497)

Whole cohort  Overall work-up scenarios Pulmonary embolism work-up p-value
scenarios n=497
TA-UPE UPE-S SPE
Total n 1033 497 154 (31) 129 (26) 214 (43)
Initial pulmonary embolism management
Fibrinolysis 16 (2) 7 (1) 0 101) 6 (3) NS
UFH 21 (2) 7(1) 0 2(2) 5 (2) NS
ICU admission 31(3) 17 (3) 0 101) 16 (8] 0.002
Long-term treatment
LMWH 991 (96) 487 (98) 151 (98) 126 (98) 210 (98) NS
AVK 30 (3) 4(1) 0 2(2) 2(1) NS
DOAC 1(0) 11(0) 0 0 1(1) NS
Vena cava Filter 33(3) 17 (3) 0 1(1) 16 (8) 0.032
30-day outcomes
Overall mortality rate 144 (14) 74 (15) 4(3) 26 (20) 44.(21) <0.0001
Causes of death
Pulmonary embolism as a single cause 19 (2) 9(2) 0 0 9 (4) 0.002
Pulmonary embolism and other conditions 80 (8) 44 (9) 21 14 (11) 28 (13) <0.0001
Cancer 81 (8) 49 (10) 4(3) 19 (15) 26 (12) <0.0001
Bleeding 12 (1) 6 (1) 0 2(2) 4 (2) NS
Infection 14 (1) 8(2) 0 31(2) 5(2) NS
VTE recurrence 12 (1) 9 (2) 3(2) 1(1) 5(2) NS
Major bleeding 49 (5) 22 (4) 3(2) 6 (5) 13 (6] NS
90-day outcomes
Overall mortality rate 276 (27) 145 (29) 19 (12) 56 (43) 70 (33) <0.0001
Causes of death
Pulmonary embolism as a single cause 21 (2) 10 (2) 0 1(1) 9 (4) 0.009
Pulmonary embolism and other conditions 123 (12) 67 (14) 8 (5) 21 (16) 38 (18) 0.001
Cancer 185 (18) 107 (22) 16 (10) 45 (35) 46 (22) <0.0001
Bleeding 20 (2) 11 (2) 1(1) 3(2) 7(3) NS
Infection 27 (3) 18 (4) 2(1) 6 (5) 10 (5) NS
VTE recurrence 20 (2) 11 (2) 4 (3) 2(2) 5 (2) NS
Major bleeding 63 (6) 30 (6) 6 (4) 8 (6) 16 (8) NS

Data are presented as n (%), unless otherwise stated. UFH: unfractionated heparin; ICU: intensive care unit; LMWH: low molecular weight
heparin; AVK: anti-vitamin K agents; DOAC: direct oral anticoagulants; VTE: venous thromboembolism; PE: pulmonary embolism; SPE:
suspected pulmonary embolism; TA-UPE: truly asymptomatic pulmonary embolism; UPE: unsuspected pulmonary embolism with symptoms;

NS: not significant.

considered the principal cause of death in all the groups. Figure 2 shows the overall survival curves at the
90-day follow-up according to the work-up scenarios. Interestingly, patients with truly asymptomatic
events had a higher 90-day overall survival than those with UPE-S (log-rank <0.001) and patients with
SPE (log-rank p<0.001). Notably, the differences did not reach statistical significance on comparing
patients with UPE-S and SPE (log-rank p=0.069).

It was of note that the rate of VTE recurrence and major bleeding at the 30- and 90-day follow-ups were
similar in all the work-up scenario groups (table 5).

Discussion

The present study showed overall, high mortality rates (14% at 30 and 27% at 90 days of follow-up) in
cancer patients with pulmonary embolism including suspected and unsuspected events. Among the
potential predictors of 30-day mortality identified, we would like to point out that those related to
abnormal vital signs and low oxygen saturation were particularly robust and consistent with previous
studies on SPE in the general population and in patients with cancer [4-8]. In addition, a history of VTE
was associated with increased mortality. It was of note that we did not specify a cut-off time for
distinguishing “VTE history” (days or weeks before the index pulmonary embolism) from “concomitant
deep vein thrombosis” which has also been recognised as having prognostic value in patients with
pulmonary embolism [29]. This should be considered when interpreting our results. We also confirmed
having metastatic cancer as an independent predictor of short-term mortality as previously reported for
SPE [8]. Nonetheless, we consider that having metastatic cancer is a variable with limited utility since most
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Overall survival at 90 days of follow-up
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of our patients (75% in our cohort) had disseminated cancer at pulmonary embolism diagnosis. Our study
identified some novel variables which may be potentially useful for predicting the overall 30-day mortality,
including: upper gastrointestinal cancers, poor performance status and “cancer progression”. Although the
variable “cancer progression” would potentially be more discriminative than metastatic disease to predict
poor outcomes in this setting, it has the disadvantage of needing specialised cancer-status evaluation
which is not always available in emergency departments. Notably, age, chronic lung and heart conditions
were not associated with short-term mortality in our study in contrast to previous pulmonary embolism
prognostic models for acute SPE in the general population [4-6] and in cancer patients [7, 8]. The more
restrictive definition of “active cancer”, the inclusion of patients with incidental pulmonary embolism and
the great development of anticancer therapies in recent years might explain these remarkable differences
between our contemporary cohort and previous studies.

Interestingly, our multiple-choice data collection showed that pulmonary embolism as a single cause of 30-day
mortality was reported in only 19 (14%) out of 144 deaths whereas clinicians mainly attributed mortality to
mixed causes. Thus, it seems difficult to decouple the intricate two-way relationship between cancer and
thrombosis known to start at a molecular level [30] and discern whether mortality depends on concomitant
complications, the thrombotic event itself, or both. These reflections made us rethink the outcome measures
that would truly predict the prognosis linked to pulmonary embolism. For instance, a composite endpoint
variable including 15-day severe pulmonary embolism-related complications might be of interest. It is also
uncertain whether SPE and UPE events should be risk-classified using the same framework or separately.

The present study also confirms the wide clinical spectrum of cancer-associated pulmonary embolism
ranging from life-threatening to completely asymptomatic events in both, suspected and unsuspected cases
[31, 32]. Although it has long been known that pulmonary embolism can be asymptomatic [33], broad
practical interest concerning this issue has emerged in recent years in parallel to the development and
widespread use of imaging tests, particularly in patients with malignancies. Overall, a remarkable 44% of
our prospectively-assessed patients were found to be asymptomatic at pulmonary embolism presentation. In
order to categorise the clinical heterogeneity of the cohort, we defined three clinically meaningful work-up
scenarios using criteria based on our own daily clinical experience and previous research by O’ConnELL and
colleagues [34, 35] who described the presence of symptoms as a key prognostic factor in the evaluation of
patients with incidental pulmonary embolism. However, in our opinion, the presence of chest symptoms or
fatigue may often be misinterpreted by both patients and physicians as secondary to cancer, anti-cancer
therapies or other mixed conditions apart from pulmonary embolism itself in this setting. Therefore, we
decided to enhance our work-up scenario definitions by adding the setting (in-versus outpatient), clinical
pulmonary embolism suspicion (SPE versus UPE) and data on vital signs to the presence of symptoms in
order to strengthen the concept of “truly asymptomatic” pulmonary embolism (versus classical acute
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symptomatic pulmonary embolism and the ill-classifiable UPE-S group). A substantial proportion of
patients with cancer-related pulmonary embolism (31% considering the whole group and more than half of
those who were unsuspected) fulfilled our easily assessable concept of “truly asymptomatic” pulmonary
embolism. This TA-UPE group was identified in our study as having a lower risk of short-term mortality
compared to patients with SPE and UPE-S. These findings may help to design specific trials aimed at
evaluating optimal acute-phase pulmonary embolism management and broaden full outpatient
management in selected low-risk patients with cancer-associated pulmonary embolism [23, 36, 37].

Notably, recurrent VITE and major bleeding rates were similar in all the scenarios suggesting that the
underlying prothrombotic proclivity and bleeding risk would be similar irrespective of UPE or SPE at
diagnosis taking into account that all our patients were receiving anticoagulation. These findings would, a
priori, further support current recommendations on treating UPE and SPE events similarly with
anticoagulants. However, from our point of view, the demonstration that the benefits of anticoagulation
outweigh the risks as suggested by a recent pooled analysis of 926 patients with UPE [38], as well as
optimal dose and duration of this potentially harmful and expensive therapy [39], should be confirmed in
properly designed interventional trials particularly in patients with truly asymptomatic events.

Our study has limitations. First, the lower stringency of treatment control compared to controlled trials
despite all our patients starting anticoagulation at pulmonary embolism diagnosis. Second, as we included
only patients routinely anticoagulated, the study does not allow knowledge as to what the natural history
of untreated UPE would be. Third, the interpretation of clinical nuances may differ among clinicians, and
minor or uncommon symptoms potentially attributable to pulmonary embolism were not collected in our
study. Finally, the lack of systematic information about troponin levels and right ventricular dysfunction
for most of our patients does not allow evaluating the performance of these parameters and the European
Society of Cardiology proposed risk classification [19] to predict short-term mortality in this setting.

In conclusion, the present study has allowed the identification of novel predictors of 30-day mortality in
cancer patients with suspected and unsuspected pulmonary embolism. Amongst patients with unsuspected
events, improved outcomes were observed in patients with TA-UPE compared to those with SPE and
UPE-S. These findings may help to develop further prospective interventional trials on acute-phase
management of pulmonary embolism in this setting.
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