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Objective: Cancer is well known as the most important risk factor for the emergence of 
pulmonary embolism (PE). The incidence of incidental PE (IPE) has increased with widely 
use of multi-detector-row computed tomography (CT) technology. Simultaneously, more new 
cancer patients diagnosed concomitantly with IPE are found. No study has examined the 
presentation and prognosis of incidental pulmonary embolism (IPE) in gastric cancer 
patients. The aim of this study was to analyse prognostic factors in patients with advanced 
gastric cancer complicated with IPE.
Patients and Methods: Ninety patients with histologically confirmed advanced gastric 
adenocarcinoma diagnosed with IPE were enrolled. Continuous variables were compared 
using Student’s t-test or the Mann–Whitney U-test if non-normally distributed. The Chi- 
squared test (or Fisher’s exact test where appropriate) was used to compare categorical 
variables. The Kaplan–Meier method and the Log rank test were used for survival analysis. 
Independent prognostic factors for survival were determined using a Cox proportional 
hazards model. A two-sided P-value < 0.05 was considered statistically significant.
Results: Nineteen patients were diagnosed with IPE concomitantly with gastric cancer. 
Concurrence of gastric cancer and IPE, lack of anticoagulation therapy, and location of 
IPE were associated with survival. After adjusting for age and sex, the concurrence of gastric 
cancer and IPE, lack of anticoagulation, and central IPE independently influenced the 
survival of advanced gastric cancer patients with IPE. Subgroup analysis of patients with 
peripheral pulmonary embolisms confirmed that anticoagulant therapy provided a survival 
benefit.
Conclusion: Concurrence of gastric cancer and IPE may be a prognostic factor for 
advanced gastric cancer patients with IPE.
Keywords: incidental pulmonary embolism, gastric cancer, anticoagulation therapy

Introduction
Pulmonary embolism (PE) is a common complication in patients with cancer.1 

A growing body of evidence indicates that cancer patients with PE have shorter 
survival.2–4 PE can be fatal or cause chronic thromboembolic pulmonary hyperten
sion. The incidence of incidental PE (IPE) has increased with advances in multi- 
detector-row computed tomography (CT) technology and its increased use in 
routine staging and follow-up in cancer patients.5–9 Recent retrospective research 
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in cancer patients indicates that the embolic burden in IPE 
is similar to that in symptomatic PE.10–14 Currently, all 
major guidelines recommend that the treatment of cancer 
patients with IPE should refer to the treatment of cancer 
patients with symptomatic PE.15–17 Interestingly, the 2016 
American College of Chest Physicians guideline suggests 
low-risk patients with isolated subsegmental PE (SSPE) 
receive no treatment in cases with normal bilateral ultra
sonography of the legs (Grade 2C).16 In addition, a cohort 
study has suggested that there is no difference in overall 
survival between lung cancer patients with incidental can
cer-associated SSPE and those without PE.18

Gastric cancer patients are also at high risk of venous 
thromboembolism (VTE), with an incidence of 1.3– 
18.3%.19–22 Furthermore, both Myat Moe et al and den 
Exter et al found that patients with advanced gastric cancer 
were more predisposed to developing IPE than patients 
with other types of cancers.13,23 However, anticoagulant 
therapy for gastric cancer patients with VTE poses 
a higher bleeding risk than other cancer types.24–26 In 
addition, peripheral PEs are more easily discovered using 
high-resolution CT. How to treat incidental peripheral PE 
in cancer patients is a central focus of current research. 
Whether advanced gastric cancer patients with IPE, espe
cially peripheral PE, need anticoagulation therapy is still 
unknown. There is very little information available per
taining to the relationship between IPE and advanced 
gastric cancer. The purpose of our study was to explore 
the clinical characteristics and prognostic factors of 
patients with advanced gastric cancer complicated by IPE 
and provide a clinical guideline for the treatment of these 
patients.

Patients and Methods
Patients
This retrospective study was conducted at the Shandong 
Cancer Hospital, which is a leading and internationally 
renowned modern cancer hospital in China. Of the 2563 
patients diagnosed with gastric cancer from 
January 2011 to January 2021, 90 patients with histolo
gically confirmed advanced gastric adenocarcinoma with 
IPE were enrolled. IPE was defined as PE incidentally 
detected on a CT scan performed for reasons other than 
a clinical suspicion of PE. Exclusion criteria were: 1) 
pulmonary artery obstruction by tumour emboli; 2) lack 
of medical records; 3) the PE was suspected before the 
patient received thoracic CT; 4) lack of available CT 

data; 5) lack of pathological diagnosis of gastric can
cer; 6) Eastern Cooperative Oncology Group (ECOG) 
scores of 3–4 at the diagnosis of IPE; and 7) the patient 
received no antitumor therapy after the diagnosis of IPE. 
This study was approved by the institutional ethics com
mittee (IRB No. SDTHEC2021001009).

Clinical Data
Clinical data of all eligible patients were collected from the 
electronic medical records system, including age, sex, body 
mass index, pathological type, lymph node metastasis, 
comorbid conditions, blood laboratory data at the diagnosis 
of IPE, anti-cancer therapy status at the time of IPE, manage
ment of IPE, type and duration of anticoagulation therapy, 
survival data, date at the diagnosis of gastric cancer, and date 
of death. Bleeding events were classified as major using the 
International Society of Thrombosis and Haemostasis criteria. 
A diagnosis of recurrent VTE during follow-up required 
objective confirmation. Patients were divided into two 
groups: those with IPE diagnosed concomitantly with gastric 
cancer (concurrent group) and those with IPE detected after 
the diagnosis of gastric cancer (sequential group).

Radiological Evaluation
CT images of each patient were independently reviewed 
by two senior chest radiologists. PE on CT images was 
defined as a sharply delineated pulmonary artery-filling 
defect in at least two consecutive sections located either 
centrally within the vessel or at acute angles to the inter
face with the vessel wall.11 IPE was further categorised as 
central (pulmonary trunk and arteries), lobar, or peripheral 
(segmental/subsegmental) according to the most proximal 
clot seen in the pulmonary artery.

Statistical Analysis
SPSS software (version 20, SPSS Inc. Chicago, IL, USA) 
was used for the statistical analyses, and a two-sided 
P-value < 0.05 was considered to be statistically signifi
cant. Continuous variables were compared using Student’s 
t-test or the Mann–Whitney U-test if non-normally distrib
uted. The Chi-squared test (or Fisher’s exact test where 
appropriate) was used to compare categorical variables. 
The Kaplan–Meier method and the Log rank test were 
used for survival analysis. Independent prognostic factors 
for survival were determined using a Cox proportional 
hazards model.
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Results
Clinical Characteristics of Patients with 
IPE
Of the 2563 patients diagnosed with gastric cancer, only 
90 patients with advanced gastric cancer were also diag
nosed with IPE and included in the analysis. The baseline 
characteristics of the patients are summarised in Table 1. 
The median age at the diagnosis of IPE was 63.5 years 
(range, 37–91 years). Most of the patients were men 
(68.8%), and more than half had grade III histology 
(57.7%). Before the diagnosis of IPE, 46.6% of patients 
received chemotherapy, and 12.2% received surgery,20% 
received only targeted therapy. The median D-dimer level 
at the diagnosis of IPE was 8.7 ± 5.7 mg/L. The propor
tions of central PEs, lobar PEs, and peripheral PEs were 
25.5%, 23.3%, and 51.1%, respectively. There were 19 
patients who were diagnosed with IPE concomitantly 
with gastric cancer.

Only 58 patients received anticoagulant therapy; 52 
patients received low molecular weight heparin (LMWH) 
and 4 patients received LMWH followed by warfarin. The 
reasons for not administering anticoagulant therapy were 
as follows: at the physician’s discretion, 21 patients were 
not treated; 3 patients had contraindications to anticoagu
lant therapy; 4 patients refused anticoagulant therapy; and 
the reason was unknown in 4 patients. Only 15 patients 
were treated with anticoagulant therapy longer than 3 
months. The median time between the diagnosis of gastric 
cancer and the detection of IPE was 74 days (range, 4–868 
days). The median survival after the diagnosis of IPE was 
290 days (range, 10–2269 days), and the median survival 
after the diagnosis of gastric cancer was 500 days (range, 
10–2360 days).

Factors Associated with Survival in 
Gastric Cancer Patients with IPE
Univariate analysis found that the significant prognostic 
factors affecting the survival of advanced gastric cancer 
patients with IPE were: concurrence of gastric cancer and 
IPE (median survival, 11.8 months vs 19.2 months, P = 
0.018), lack of anticoagulation treatment (median survival, 
11.8 months vs 21.2 months, P = 0.002), and localisation 
of IPE (median survival, central: 11.8 months vs lobar: 
14.8 months vs peripheral: 21.13 months, P = 0.031) 
(Figure 1). Univariate analysis found that concurrence of 

Table 1 Clinical Characteristics of Gastric Cancer Patients with 
IPE (n = 90)

Characteristics N (%)

Age at the diagnosis of IPE (years) 63.5 (39–90)

Age at the diagnosis of gastric cancer (years) 63.1 (37–90)

Male sex 62 (68.8)

Smoking history 34 (38.2)

Body mass index (kg/m2) 22.6 ± 3.1

TNM stage

I–II 9(10)

III–IV 81(90)

Grade

I 7 (7.7)

II 23 (25.5)

III 52 (57.7)

Unknown 8 (8.8)

Lauren classification

Intestinal 31(34.4)

Diffuse 59(65.6)

Lymph node metastasis

N0-N1 3(3.3)

N2-N3 87(96.7)

Previous VTE 5 (5.5)

D-dimer (mg/L) 8.4 ± 5.5

Localisation of pulmonary embolism

Central pulmonary embolism 23 (25.5)

Lobar pulmonary embolism 21 (23.3)

Peripheral pulmonary embolism 46 (51.1)

Concurrent group 19 (21.1)

Underwent chemotherapy 42 (46.6)

Number of chemotherapy cycles 3.2 (1–12)

Underwent surgery 11 (12.2)

Underwent targeted therapy 30(33.3)

Anticoagulation therapy 58 (64.4)

LMWH 52 (89.65)

LMWH + warfarin 4 (6.8)

Urokinase 2(3.4)

Length of anticoagulation therapy

≤ 3 months 46 (79.3)

> 3 months 12 (20.6)

Time interval from the diagnosis of gastric cancer to 

the diagnosis of IPE (days)

74 (4–868)

Survival after the diagnosis of IPE (days) 290 (10–2269)

Survival after the diagnosis of gastric cancer (days) 500 (10–2360)

Note: Data are presented as mean ± standard deviation, median [interquartile 
range], or n (%). 
Abbreviations: IPE, incidental pulmonary embolism; VTE, venous thromboembo
lism; LMWH, low molecular weight heparin.
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gastric cancer and IPE, lack of anticoagulation therapy, 
and central IPE influenced the survival of advanced gastric 
cancer patients with IPE. After adjusting for age and sex, 
multivariate analysis showed that lack of anticoagulation 
therapy independently influenced the survival of advanced 
gastric cancer patients with IPE (Table 2).

Subgroup analysis of patients receiving anticoagulant 
therapy showed no noticeable survival differences between 
patients receiving ≤ 3 months anticoagulant therapy and 
those receiving > 3 months anticoagulant therapy (median 
survival 12.13 months vs 23.06 months, P = 0.192). 
Subgroup analysis of patients with peripheral PE showed 
that anticoagulant therapy had a survival benefit (median 
survival, 18.9 vs 21.2 months, P = 0.001) (Figure 2).

Discussion
This study aimed to evaluate the clinical characteristics 
and survival of advanced gastric cancer patients who were 

incidentally diagnosed with PE. We found that the concur
rence rate of advanced gastric cancer with IPE was 3.51%. 
This rate is consistent with the recently reported rate of 
3.3–3.9% for IPE in cancer patients.28,29 The median time 
from the diagnosis of gastric cancer to the diagnosis of PE 
was 74 days. Our results were similar to the results of 
Khorana et al, who reported a median time from gastric 
cancer diagnosis to VTE diagnosis of 95 days.30

In our study, approximately 21.1% of patients developed 
IPE concurrently with advanced gastric cancer. We identi
fied that the concurrent diagnoses of IPE and gastric cancer 
was an independent predictor of death in advanced gastric 
cancer patients. Similarly, data from two retrospective stu
dies suggested that the timing of PE presentation is closely 
related to prognosis in cancer patients with VTE.22,31 Cancer 
patients simultaneously diagnosed with venous thrombosis 
may have more aggressive tumour biology and poor prog
noses; therefore, these patients should be carefully 

Figure 1 Kaplan-Meier plots of survival based on the localisation of the pulmonary embolism (A), administration of anticoagulation therapy (B), and concurrent or 
sequential diagnosis of incidental pulmonary embolism (C).

Table 2 Univariate and Multivariate Analyses of Clinicopathologic Factors Associated with the Survival of Advanced Gastric Cancer 
Patients with IPE

Variable OS

Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age(>65 years/≤65 years) 1.170 0.77–2.02 0.575

Gender 0.196 0.37–1.31 0.262
Localisation of pulmonary embolism 0.652 0.47–0.91 0.01 0.812 0.56–1.19 0.280

TNM stage 3.64 0.89–15.1 0.073

Grade 0.914 0.74–1.14 0.418
Lauren classification 1.073 0.62–1.87 0.83

Lymph node metastasis 0.594 0.14–2.45 0.472

Concurrent group 2.174 1.21–4.22 0.022 1.937 0.97–3.86 0.06
Anticoagulation therapy 0.435 0.51–1.57 0.003 0.490 0.25–0.95 0.034

Abbreviations: HR, hazard ratio; CI, confidence interval; IPE, incidental pulmonary embolism.
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monitored. The interrelationship between the anticoagulant 
system and tumour progression and their underlying 
mechanisms are worthy of further investigation.

Because of the similarities in overall mortality, major 
bleeding, and recurrent VTE in patients with IPE and those 
with symptomatic PE, the general consensus is to use the 
same treatment strategy for both sets of patients.13,32–34 

Primarily, on the basis of the results of the CLOT 
(Randomized Comparison of LMWH versus Oral 
Anticoagulant Therapy for the Prevention of Recurrent 
VTE in Patients with Cancer) trial,35–37 evidence-based 
guidelines recommend at least 6 months of LMWH treat
ment for patients with VTE and cancer, and that LMWH is 
preferable to warfarin-based treatment.

In the current study, 58 patients who received antic
oagulant therapy had significantly improved survival com
pared to 32 patients who received no anticoagulant 
therapy. Therefore, anticoagulant therapy cannot be disre
garded for advanced gastric cancer patients with IPE. 
Nevertheless, no survival differences were found between 
patients who received ≤ 3 months of anticoagulant therapy 
and those who received > 3 months of anticoagulant ther
apy. This may be because only 12 patients (20.6%) 
received more than 3 months of LMWH treatment. Some 

previous reports also showed that most patients receive 
less than 3 months of LMWH treatment and are notably 
more likely to discontinue treatment in the real world.38,39 

This has been attributed to the burden of self-injection and 
the high cost of LMWH. The latest data shows that direct 
oral anticoagulants (DOACs) could emerge as an alterna
tive to warfarin and LMWH for the treatment of cancer- 
associated VTE.25,40 Regrettably, in gastric cancer 
patients, DOACs carry a higher risk of bleeding than 
other anticoagulant drugs. It is expected that new, effec
tive, and safe DOACs will be used in the treatment of 
gastric cancer with VTE in the future.25

Increasing evidence supports that the location of the PE 
is closely related to prognosis.31,41–43 Our study corrobo
rates these previous reports. It is worth noting that more 
SSPEs have been discovered due to the advancement of 
imaging technologies and the application of high- 
resolution CT.44 The management of incidental SSPE in 
cancer patients has recently become a focus of 
controversy.45 A recent systematic literature review pool
ing patient-level data and a prospective cohort study both 
reported that patients with incidental cancer-associated 
SSPE have the same risk of recurrent VTE as patients 
with more proximal PE, despite having received 

Figure 2 Kaplan-Meier plots of survival in patients receiving anticoagulation therapy based on the duration of anticoagulation therapy (A) and in patients with peripheral 
pulmonary embolisms based on administration of anticoagulation therapy (B).
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anticoagulation therapy.46,47 Moreover, the risk of recur
rent VTE is 55% in cases of incidental cancer-associated 
SSPE that is left untreated.47 One another retrospective 
studies suggest that patients with incidental cancer- 
associated SSPE might not need anticoagulant 
treatment.48 In our subgroup analysis, anticoagulant ther
apy had a survival benefit in patients with peripheral PEs 
(median survival, 18.9 vs 21.2 months, P = 0.001).

Our study had several limitations. First, due to its retro
spective design, some data were lacking. For example, bleed
ing events, recurrent VTE, and associated deep vein 
thrombosis were not systematically assessed in patients. 
Second, the number of patients in this study receiving antic
oagulant treatment > 3 months was very small; therefore, we 
could not evaluate the relationship between the anticoagula
tion treatment period and survival benefit. Last, although we 
excluded some patients who received no antitumor treatment 
or had ECOG scores of 3–4 at the diagnosis of IPE, treatment 
bias still exists among patients.

In conclusion, IPE is an important event in advanced 
gastric cancer patients. Concurrence of gastric cancer with 
IPE and central IPE are important factors affecting the prog
noses of these patients. Active anticoagulant therapy might 
improve survival of advanced gastric cancer patients with IPE. 
In patients with incidental cancer-associated SSPE, anticoagu
lant treatment might have survival benefits. Given the limita
tions of this small retrospective analysis, larger prospective 
studies are needed to better understand the natural course of 
IPE and investigate the optimal duration of anticoagulation 
therapy in advanced gastric cancer patients with IPE.
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