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Background: Venous thromboembolism (VTE) is the well-known complication of cancer, especially
among lung cancer patients. The objective of this study is to identify the incidence, risk factors and prognosis
of VTE in the patients with non-small cell lung cancer (NSCLC) in an advanced or metastatic stage (stage
IIT or IV). We hypothesized that NSCLC patients associated with VTE may lead to poor prognosis.
Methods: From 2012 to 2015, we retrospectively investigated 1,560 patients diagnosed with lung cancer
in stage III or IV. Each VTE patient was matched with three control patients according to gender, age,
pathology, clinical stage and the diagnosed time. Univariate and multivariate analyses were used in the study.
Results: Among the 1,560 patients in our study, 32 (2.0%) developed VTE in locally advanced or
metastatic stage lung cancer. Weight loss, serous effusion, the absence of the EGFR mutation, poor
performance status (PS), hypoalbuminemia, hyponatremia, long prothrombin time (PT), and elevated levels
of C-reaction-protein (CRP) and D-dimer were found to be associated with an increased risk of VTE by
univariate analyses. The multivariate analyses revealed that weight loss, poor PS, increased CRP and long PT
were significantly related to VTE. Overall survival (OS) from diagnosis was significantly shorter in patients
with VTE (medians 14.2 vs. 24.4 months; P<0.001).

Conclusions: The incidence of VTE was high among advanced NSCLC patients, particularly for those
with weight loss, poor PS, increased CRP and long PT. Moreover, the patients with VI'E complications may

have a poorer prognosis.
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Introduction

Venous thromboembolism (VTE), including deep vein
thrombosis (DVT) and pulmonary embolism (PE), is
a common complication in cancer patients. Patients
with malignancy may face a 4-7-fold risk of VTE when
compared to those without, especially in the first 3 months
after diagnosis (1-3). Among solid cancers, lung cancer has
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been reported to have the highest incidence of VI'E. Early
analyses have estimated VTE incidence rates in lung cancer
patients to be between 1.4% and 7.0% (4).

Several risk factors for cancer-related VTE have been
identified, including cancer type, patient characteristics
and anti-cancer treatment. A retrospective study reported
that in non-small cell lung cancer (NSCLC), VTE risk was
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higher in adenocarcinomas than in squamous cell carcinomas
[hazard ratio (HR), 1.9-3.3] (4). In addition, the patient’s
age, chronic co-morbidities, advanced stage, high body mass
index (BMI), and high performance status (PS) were also
associated with high risks (5). Cancer treatment, such as
surgery, chemotherapy, and radiotherapy may contribute to
the development of VTE (6). It has been reported that cancer
patients with a history of thrombotic events were associated
with a worse prognosis and a decreased quality of life.

Previous studies have analyzed lung cancer patient
populations of different races in all stages of lung cancer,
including both SCLC and NSCLC. In this case-control
study, we focused on a cohort of patients with NSCLC
in advanced stages (stage III-IV) and assessed the factors
including clinical pathology, cancer treatment and blood
biomarkers just before VTE to test the hypothesis that
these markers may correlate with VTE.

Methods

Ethics approval for this study was obtained from the Ethics
Committee of the First Affiliated Hospital, College of
Medicine, Zhejiang University (No. 2014-354). This study
was deemed as a quality improvement activity, conducting
an appropriate audit of a clinical service. Accordingly,
written consent was not required as the data were routinely
available within current clinical practice and were analyzed
using non-identifiable data.

Studied population

Between March 2012 and May 2015, we retrospectively
identified 1,560 patients diagnosed with NSCLC in an
advanced or metastatic stage (stage III or IV) at the First
Affiliated Hospital of Zhejiang University. All patients
granted consent to have their medical records reviewed.
All diagnoses were confirmed by pathology. Patients were
included if they had a histological diagnosis of primary lung
cancer accompanied with symptomatic or asymptomatic
VTE. Only patients diagnosed with VT'E within 1 month
before or after diagnosis of cancer were included. Patients
with histories of malignant tumor, acute myocardial
infarction and acute cerebral infarction were excluded. DVT
events were confirmed by venous ultrasound image or a
CT venous angiogram. The diagnosis of PE was confirmed
by a CT pulmonary angiogram or a ventilation-perfusion
scan. The 7th edition of the tumor node metastasis staging
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system was used to stage the NSCLC (7).

Each VTE patient was matched to three patients without
VTE based on gender, age, pathology, clinical stage and the
time of diagnosis. The matched patients had the same gender,
less-than-5-year-age gap, the same pathology and clinical
stage as well as with 2-month diagnosis time. Demographic
information along with patient characteristics, state of disease
and PS were recorded based on the electronic health records
at time the diagnosis was confirmed. Other hematological
biomarkers, treatment and metabolic were also recorded
within 2 weeks of the diagnosis of VTE or when the control
groups were selected. Overall survival (OS) was measured
from the date of cancer diagnosis to death or the cutoff time

of follow-up in January 2016.

Statistical analysis

Continuous variables were summarized as medians
with standard deviation and compared with a #-test. For
categorical variables, a Chi-squared test was used to
compare the subgroups. Multivariate logical regression was
used to identify factors associated with VTE in patients with
lung cancer. P values <0.05 were considered statistically
significant. Kaplan-Meier curves were generated for OS. All
analyses were carried out using SPSS software, version 23.0
(IBM, USA).

Results

Characteristics of the studied population

Among the 1,560 patients diagnosed histologically with
NSCLC at locally advanced or metastatic stages (stage III
or IV), 32 (2.0%) were diagnosed with VTE. The median
age at diagnosis was 60 years, and there were 25 (1.6%)
incidences of VTE in the first 6 months. Approximately half
of the VTE patients were diagnosed with DVT (43.8%),
followed by PE (37.4%), and PE plus DVT (18.8%). By
stage at diagnosis, 44% presented with stage IIIA or IIIB,
and 56% with stage IV disease; 29 cases were treated with
warfarin and low molecular heparin; the other three patients
were not treated with anticoagulants because of their severe
condition.

A total of 96 patients without VTE were selected
from the NSCLC population as matching controls,
including 69 males and 27 females, with an average age of
60.6+9.6 years. The baseline characteristics of patients
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Table 1 Patient characteristics

Shen et al. VTE in lung cancer patients

Table 2 Univariate analysis of clinicopathological characteristics

Subgroup VTE [n (%)] Control [n (%)] P Characteristic VTE [n (%)] Control [n (%)] P
Age (years) (mean + SD) 60.3+11.2 60.6+9.6 0.90 Weight loss 0.043*
Gender 0.91 Yes 12 (37.5) 19 (19.8)

Male 23 (71.9) 69 (71.9) No 20 (62.5) 77 (80.2)

Female 9 (28.1) 27 (28.1) Serous effusion 0.001*
Histology 1.0 Yes 22 (68.8) 34 (35.4)

Ad 29 (90.6) 87 (90.6) No 10 (31.2) 62 (64.6)

Non-ad 3(9.4) 9(9.4) Fever 0.205
Smoking history 0.35 Yes 9 (28.1) 17 (17.7)

Yes 21 (65.6) 54 (55.1) No 23 (71.9) 79 (82.3)

No 11 (34.4) 42 (44.9) EGFR mutation 0.017*
Operation 1.0 Yes 7 (21.9 44 (45.8)

Yes 6 (18.8) 18 (19.8) No 25 (78.1) 52 (52.2)

No 26 (81.2) 78 (80.2) Treatment
Clinical stage 1.0 Chemotherapy 20 (62.5) 64 (66.7) 0.067

11l 14 (43.8) 42 (43.8) TKI 18 (56.3) 52 (54.2) 0.838

\% 18 (56.2) 54 (43.8) Radiotherapy 6 (18.8) 32 (33.3) 0.118
VTE, venous thromboembolism; Ad, adenocarcinoma. PS 0.001*

0-1 18 (56.2) 81 (84.4)
2-4 14 (43.8) 15 (15.6)

with and without VTE are listed in 7able 1. There were no
significant differences in age, sex, gender, pathology and
disease stage between the two categories.

Risk factors of VIE in lung cancer patient

The clinicopathological characteristics were compared
between the VT'E and control groups (7able 2). Among the
NSCLC patients, the factors associated with a significantly
higher risk of VTE included weight loss, serous effusion,
absence of the epidermal growth factor receptor (EGFR)
mutation and poor PS. Furthermore, we have not found
out the correlation of thrombosis risk with antitumor
therapy when chemotherapy, EGFR-tyrosine kinase
inhibitor (TKI) or radiotherapy were studied respectively.
The comparative studies of hematological results between
the VTE and control patients showed that the levels of
albumin, sodium, C-reaction-protein (CRP), prothrombin
time (PT) and D-dimer were associated with an increased
risk of VTE (Tuble 3).

To screen for the activating gene mutation, all patients
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*, P<0.05. EGFR, epidermal growth factor receptor; PS,
performance status; VTE, venous thromboembolism; TKI,
tyrosine kinase inhibitor.

enrolled were analyzed for the presence of the EGFR
mutation, 71 patients were analyzed for the anaplastic
lymphoma kinase (ALK) mutation and 20 were analyzed
for the ROS-1 mutation. Significant differences were found
between the VTE and control groups for EGFR (7/32 vs.
44/96, P=0.017), but not for ALK (1/14 vs. 5/57, P=0.844)
or ROS-1 (2/4 vs. 3/16, P=0.197).

Subsequently, we performed a multivariate logistic
regression analysis that included weight loss, serous
effusion, EGFR mutation, PS, leukocytes, platelet, albumin,
serum sodium, CRP, PT, atrial fibrillation and D-dimer
levels to identify the factors associated with VI'E. This
analysis revealed that weight loss (vs. no weight loss, OR
=9.727, 95% CI: 1.370-69.070; P=0.023), poor PS (vs.
normal PS, OR =5.790, 95% CI: 1.005-33.353; P=0.049),
increased CRP (vs. normal CPR, OR =38.551, 95% CI:
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Table 3 Univariate analysis of hematological data

Characteristic VTE [n (%)] Control [n (%)] P

Hemoglobin (g/L) 0.254
>100 28 (87.5) 90 (93.8)
<100 4(12.5) 6 (6.2)

Leukocyte (x10%L) 0.161
<10 27 (84.4) 89 (92.7)
>10 5(15.6) 7(7.9)

Platelet (x10%/L) 0.094
<300 29 (90.6) 74 (77.1)
>300 3(9.4) 22 (22.9)

Albumin (g/L) <0.001*
>35 15 (46.9) 77 (80.2)
<35 17 (63.1) 19 (19.8)

ALT (U/L) 0.217
<35 26 (81.3) 86 (89.6)
>35 6 (18.7) 10 (10.4)

AST (U/L) 0.153
<40 26 (81.3) 87 (90.6)
>40 6 (18.7) 9(9.4)

Creatinine (umol/L) 0.428
<84 27 (84.4) 86 (89.6)
>84 5(15.6) 10 (10.4)

Sodium (mmol/L) 0.043*
>135 28 (87.5) 93 (96.9)
<135 4 (12.5) 3(3.1)

CEA (ng/mL) 0.917
<8 13 (40.6) 38 (39.6)
>8 19 (59.4) 58 (60.4)

CRP (mg/L) <0.001*
<8 3(9.4) 77 (80.2)
>8 29 (90.6) 19 (19.8)

PT (second) <0.001*
<135 24 (75.0) 93 (96.9)
>13.5 8 (25.0) 3(3.1)

D-dimer (ug/L) 0.029*
<1,400 14 (43.7) 63 (65.6)
>1,400 18 (56.3) 33 (34.3)

*, P<0.05. ALT, alanine aminotransferase; AST, aspartate
transaminase; CEA, carcinoembryonic antigen; CRP, C-reaction-
protein; PT, prothrombin time; VTE, venous thromboembolism.
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5.511-269.679; P<0.001) and long PT (vs. normal PT,
OR =43.958, 95% CI: 2.400-805.025; P=0.011) were
significantly associated with a high risk of VTE.

Impact of VTE on survival

Figure 1 shows the Kaplan-Meier survival curves of
patients in the two groups. It shows that VI'E patients
were associated with worse OS than patients without VTE
(Figure 1), with a median OS of 14.2 months (95% CI:
10.0-18.3) vs. 24.4 months [95% CI: 21.3-27.6); P<0.001]
in the locally advanced or metastatic stage. It also shows the
number of patients at risk at different time points.

Discussion

In this study, we aimed at detecting the incidence, risk
factors and prognosis of VTE in the patients with advanced
or metastatic stage with NSCLC. Of the 32 VTE patients,
78% of the thrombosis occurred within half a year after
the diagnosis of lung cancer, which is consistent with
previous research (8). In the patients with stage III-1V,
the prevalence rates of DVT, PE, and PE plus DVT were
43.8%, 37.4% and 18.8%, respectively. Investigation in a
recent study reported that the incidence of VTE among
NSCLC patients was 3.0-13.8% (9-11). The reason that
the results in our study were lower than previous reports
may be accounted for by the Chinese patients studied, as
the Asian ethnicity is found to be associated with a 60%
lower risk of VTE in NSCLC (12).

The incidence of VTE in cancer patients varies
according to the histological type of cancer and its stage.
It was demonstrated that adenocarcinoma histology
was an independent risk factor for increased risk of
VTE in metastatic NSCLC (6). In a previous study of
91,933 patients, the 2-year cumulated incidence rates
of VTE in adenocarcinomas, squamous cell carcinomas
and large cell carcinomas were 5%, 2.6% and 3.2%,
respectively (4). In addition, advanced and metastatic cancer
was shown to be associated with an increased risk of VTE
when compared with localized tumors (13). In the current
study, the pathology type and stage of tumor were used as
balance factors between the VTE and control groups.

In our series, we identified that patients with weight
loss, serous effusion, poor PS, as well as hypoalbuminemia
and hyponatremia may show increased risks of VTE.
This finding is in agreement with previously published
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Overall survival of VTE and controls
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Figure 1 Overall survival of patients and control group. VTE,

venous thromboembolism.

reports (14). These risk factors may have some connections.
For example, weight loss, hypoalbuminemia and
hyponatremia are symptoms of body consumption, which
are associated with poor PS. We found that anti-tumor
therapy did not increase the risk of thrombosis, which is
inconsistent with earlier studies (15,16). It maybe because
we have not explored the specific treatment process, such
as chemotherapy drugs, treatment course, the number of
radiotherapy and TKI dose of drugs.

A high level of CRP is also considered an additional
risk factor of VITE in NSCLC patients. In recent research,
leukocytosis was significantly associated with an increased
risk of developing DV'T in lung cancer patients (10). CRP,
along with leukocytosis, was strongly associated with
inflammation, which resulted in an increase of thrombosis.
Possibly due to the systemic therapy or stage, there was no
significant difference of leukocytes between the two groups.

We observed that long PT and high levels of D-dimer
were associated with an increased risk of VTE, while the
platelet count showed little effect. Several studies identified
D-dimer reflects the activation of the blood coagulation
system, and high D-dimer levels were also associated with a
poor response to the anticancer treatment (17). Studies have
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shown that malignant cells aberrantly express tissue factor
and may be involved in the induction of cancer-associated
thrombosis (13,18).

In this study, an elevated level of carcinoembryonic
antigen (CEA) was not related to VT'E in lung cancer
patients. A previous meta-analysis indicated that the serum
CEA level carried prognostic and predictive information
for death risk in NSCLC patients, independent of
treatment (19). The patients we included were at an
advanced or metastatic stage, and most of them had high
levels of CEA.

The presence of activating gene mutations in EGFR,
ALK and ROS-1 were analyzed. EGFR mutation
was associated with VTE development, but ALK re-
arrangement and ROS-1 mutations were not associated with
VTE development. The mechanism is not clear. Preclinical
data have demonstrated that EGFR inhibition reduces the
expression of tissue factor, which regulates the tumor pro-
coagulant activity (20). Therefore, the patients who have
an EGFR mutation treated with TKI may show a reduced
incidence of VTE. According to the study conducted by
Lee (6), the treatment of EGFR TKI was associated with a
60% increased risk of VTE. However, in our study, three
patients with rare gene mutations (one ALK positive and
two ROS-1 positive) and VT'E complications have reached
remission after being treated with a TKI (Crizotinib).
Additionally, the previous study suggested that K-RAS was
a driver of thromboembolic risk and was involved in the
pathophysiology of cancer-associated thrombosis (21), but
only a small portion of the patients took the K-RAS test in
our study.

Our study demonstrated that cancer patients with VTE
complications have a reduced survival rate compared with
those without VTE complications. It is difficult to infer
causality for this finding. It could be explained by the
increased deaths attributable to VTE or to the disease
severity. The Cox regression identified that weight loss,
poor PS and an elevated level of D-dimer indicated a poor
prognosis for NSCLC.

This analysis has several limitations. First, the unrecognized
bias from the retrospective nature of the study and the single
center of the study limits the interpretation of the results.
The follow-up period used may be too short to demonstrate
a realistic outcome. In addition, approximately 5% of the
patients were lost during various stages of this study, which
could underestimate the real survival time. Finally, the
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prevalence of DVT was mostly checked by venous ultrasound,
which is insensitive to detecting distal DV'T.

Conclusions

Our study used case-control to balance the gender, age,
pathology, clinical stage and the time of diagnosis in the
VTE and control groups. We discussed the risk factors of
VTE and the prognosis of lung cancer patients combined
with VTE. Furthermore, the effects of gene mutation,
TKI therapy and anticoagulant treatment in VTE patients
remain unknown. Further prospective observational
research is needed.
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